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Preface 
 

In this book titled “Prostate Cancer - Diagnostic and Therapeutic Advances”, we 
highlight many of the significant advances made in our treatment armamentarium of 
prostate cancer. This book is a tribute to our pioneering urologists and allied 
healthcare professionals who have continually pushed forward our traditional 
therapeutic envelope. The present book is subdivided into four sections termed: 1) 
novel diagnostic approaches, 2) surgical treatments options, 3) radiation therapy and 
its potential sequelae, and 4) medical management and its treatment complications. 
After reading the present book , readers will be very familiar with the major clinical 
advances made in our multifaceted treatment approach to prostate cancer over the 
past decade. 

As editor-in-chief of this book, I would like to acknowledge the significant efforts 
made by all of the contributing authors and entire editorial team in the publishing of 
this work. Their dedication to the publication of the most contemporary and 
comprehensive scientific data has resulted in this truly excellent work. I would like 
to dedicate this book to my clinical mentors at both McGill University and the 
University of Texas M.D.Anderson Cancer Center. You have taught me not only to 
manage genitourinary malignancies using the highest quality surgical and medical 
care but as well have instilled in me a sense of responsibility to our scientific 
community to contribute in a meaningful way and to continually improve myself as 
a person and clinician. I practice medicine today following the principle your 
engrained with me which is to treat each individual patient as if this was my own 
close family member. 

 
Philippe E. Spiess, Editor-In-Chief 

Assistant Professor, Dept of Genitourinary Oncology 
H. Lee Moffitt Cancer Center, Tampa, Florida 

USA 
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 Biomarkers of Aggressiveness 
 in Prostate Cancer 

Cuvillier Olivier and Malavaud Bernard 
CNRS, Institut de Pharmacologie et de Biologie Structurale, Toulouse 

Université de Toulouse, UPS, IPBS, Toulouse 
Hôpital Rangueil, Service d’Urologie et de Transplantation Rénale, Toulouse 

France 

1. Introduction  
Although significant progress in the investigation of prostate cancer biomarkers, some men 
are overdiagnosed with indolent prostate cancer while others die from aggressive disease 
diagnosed too late. The introduction of PSA (Prostate Specific Antigen) in clinical practice 
has resulted in early detection and reduced mortality from prostate cancer (Schroder et al., 
2009). Despite its great utility for prostate cancer detection and prognostication, PSA as a 
single test has several limitations. Prostate cancer screening remains thus controversial, 
because of the risk of overdiagnosis reduced mortality and overtreatment and the inability 
to detect a significant proportion of aggressive tumors. To extend the limited information 
provided by PSA testing, other biomarkers that could discriminate between indolent from 
aggressive cancers are therefore an absolute must. Despite numerous studies of biomarker 
candidates have been presented the last decade, the identification of the most aggressive 
subsets of this disease is still not possible. This review will cover last years development in 
this area and highlight the most promising biomarkers in prostate cancer, which have been 
divided into three groups; protein-based, DNA-based and RNA-based markers. 

2. Protein biomarkers 
2.1 Prostate Stem Cell Antigen (PSCA) 
PSCA (Prostate Stem Cell Antigen) is a membrane glycoprotein with 30% homology to stem 
cell antigen type 2 (SCA-2), an immature lymphocyte cell surface marker. Like SCA-2, PSCA 
is attached to the membrane by a GPI anchor which can be cleaved by a phospholipase. 
Because of its homology with SCA-2, PSCA was named inaccurately since it is not a marker 
for stem cells nor is it uniquely expressed in the prostate (Saeki et al., 2010). Initially, PSCA 
was identified as a tumor antigen overexpressed in the prostate (Reiter et al., 1998), and 
subsequent studies have revealed that it is also up-regulated in other cancers including 
bladder and pancreas. PSCA has been proposed as a promising tumor marker of diagnostic 
and prognosis, as well as a potential therapeutic target for patients with metastatic prostate 
cancer. PSCA expression indeed increases with high gleason score, advanced stage and bone 
metastasis (Gu et al., 2000; Han et al., 2004; Lam et al., 2005; Zhigang & Wenlv, 2004). The 
levels of PSCA are also amplified in the prostate intraepithelial neoplasia (PIN) lesions that 
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subsequently progressed to cancer compared to those that did not progress (Zhigang & 
Wenlu, 2007). PSCA might also represent a useful marker for metastasis detection as almost 
95% of lymph nodes and bone samples with metastasis have been found positive for PSCA 
expression (Ananias et al., 2009). It was originally observed that PSCA mRNA bearing cells 
circulating in peripheral blood were identified at higher rates in prostate cancer patients 
with extraprostatic disease (Hara et al., 2002). The presence of PSCA transcripts in the 
peripheral blood has found to be a significant predictor of biochemical recurrence after 
prostatectomy in high-risk prostate cancer (Joung et al., 2010). Of note, PSCA has also been 
investigated as a potential target for tumor-targeted immunotherapy and for suppression by 
anti-PSCA antibody in animals. Further evaluation of PSCA as a clinical prostate cancer 
marker of aggressiveness needs to be validated. 

2.2 Prostate Secretory Protein 94 (PSP94) 
The ELISA dosage of β-microseminoprotein (MSP) ou PSP94 (Prostate Secretory Protein of 
94 amino acids) – one of three predominant proteins secreted by the human prostate gland 
(Lilja & Abrahamsson, 1988) – could be potentially interesting. In a case-control study of 
1,212 men with no previous history of prostate cancer, Nam et al. found that patients with 
low PSP94 levels had a high probability for having prostate cancer diagnosed at biopsy 
(Nam et al., 2006). The authors also suggested that those cancers that maintain PSP94 
expression tend to be well differentiated and less aggressive, as reported in previous 
immunohistochemistry studies (Abrahamsson et al., 1988). In serum, PSP94 can be 
complexed with PSPBP (PSP-binding protein), a glycoprotein of 50 kDa sharing significant 
identity with the CRISP (cystein-rich seccretory protein) family of proteins (Reeves et al., 
2005). In a study comprising 185 patients, it was showed that PSPBP is negatively associated 
with recurrence after radical prostatectomy (Reeves et al., 2006). On the contrary, PSP94 
immunohistochemistry performed on 59 radical prostatectomy specimens was associated 
with worsened survival outcomes (Girvan et al., 2005). Another immunohistochemistry 
study conducted on 945 patients found a high expression of PSP94 in tumor cells patients to 
be associated with a longer time to postprostatectomy biochemical recurrence (Bjartell et al., 
2007) in agreement with serum studies. Further studies will be needed to determine whether 
PSP94 and its binding protein represent novel prognostic factors in the clinic.  
However, it is interesting to note that genome-wide association studies identified several 
SNPs in a region on chromosome 10 that harbors the PSP94 gene (Eeles et al., 2008; Thomas 
et al., 2008). Its location and the strength of the association raises the possibility that this 
SNP may be causally related to disease risk, but resequencing and further analyses will be 
needed clarify the functional basis of this association. 

2.3 Early Prostate Cancer Antigens ECPA and ECPA-2 
ECPA and ECPA-2 (Early Prostate Cancer Antigens) are nuclear matrix proteins those 
alterations are commonly associated with prostate cancer (Getzenberg et al., 1991; 
Lakshmanan et al., 1998). Initially, immunohistochemical studies on men with negative 
biopsies who were ultimately found to have prostate cancer could identify individuals as 
much as 5 years earlier than the current diagnostic (Dhir et al., 2004). ECPA positivity was 
hypothesized to be an early event in disease progression, as there was no correlation 
between ECPA staining and Gleason grade or pT stage (Uetsuki et al., 2005). In 2005, an 
ECPA-based ELISA showed 92% sensitivity and 94% specificity in prostate cancer detection 
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in patients undergoing radical prostatectomy, however only 46 blood samples were 
examined (Paul et al., 2005). ELISA used for initial serum EPCA measurement in 112 men 
with isolated high-grade prostatic intraepithelial neoplasia (HGPIN), showed a significantly 
higher serum ECPA level in isolated HGPIN patients with subsequent cancer than those 
without cancer (Zhao & Zeng, 2010). Pretreatment serum EPCA levels were also determined 
with an ELISA in 77 patients with clinically localized prostate cancer who underwent radical 
prostatectomy and 51 patients with locally advanced or metastatic disease who received 
primary androgen deprivation therapy, and were correlated with clinicopathological 
variables and disease progression. Patients with locally advanced and metastatic prostate 
cancer had significantly higher serum EPCA level than those with clinically localized 
disease. These data suggest that EPCA level correlates significantly with the poor prognosis, 
showing prediction potential for prostate cancer progression (Zhao et al., 2011). Unrelated to 
the original ECPA, the nuclear protein ECPA-2 was recently described (Leman et al., 2007). 
Carried out on 385 blood samples, the ECPA-2 ELISA was able to differentiate between men 
with and without prostate cancer with 92% specificity and 94% sensitivity, whereas the 
specificity of PSA was only 65% in the same population (Leman et al., 2007). More 
importantly, in contrast to PSA, ECPA-2 is able to discriminate men with non-organ-
confined prostate cancer from those with organ-confined diseases. Although additional 
validation studies are needed to show the performance of ECPA-2 in a more representative 
population, these results lend support to the development of a more accurate blood-based 
assay to identify aggressive prostate cancer. 

2.4 uPA/uPAR 
A wealth of reports suggest a key role for the urokinase-type plasminogen activator and its 
receptor (uPA/uPAR) in invasion and metastatic dissemination (Duffy, 2004). uPA is is a 
member of the serine protease family synthetized and secreted as a pro-enzyme, whose 
activation is markedly accelerated upon binding with high affinity to specific membrane-
bound or soluble cell surface uPAR. Once activated, the uPA/uPAR system efficiently 
converts plasminogen into plasmin, a protease which then modulates extracellular matrix 
degradation, tumor cell invasion and growth factor activation (Duffy, 2004). In prostate 
cancer, overexpression of uPA and uPAR (transcripts and proteins) have been reported in 
tumor tissues suggesting that both proteins could be associated with tumor progression. 
Immunohistochemical studies have shown an incremental increase in uPA/uPAR 
expression from benign epithelium to primary organ-confined prostate cancer, to disease 
extending beyond the prostate capsule, and to bone metastases (Cozzi et al., 2006; Gavrilov 
et al., 2001; Pulukuri et al., 2007; Usher et al., 2005). In addition, overexpression of uPA and 
its inhibitor PAI-1 are associated with aggressive prostate cancer recurrence in men treated 
with radical prostatectomy (Gupta et al., 2009). Elevated circulating levels of uPA and/or 
uPAR have been associated with advanced prostate cancer and bone metastases (Hienert et 
al., 1988a; Hienert et al., 1988b; Miyake et al., 1999). Shariat et al. have recently reported that 
plasma levels of uPA and uPAR are not only higher in men with prostate cancer than in 
healthy controls, but decrease significantly after prostatectomy (suggesting that direct local 
production by malignant cells significantly contributes to increased uPA and uPAR 
circulating levels of these markers in patients), then increase with disease progression 
(Shariat et al., 2007). Of note, higher preoperative uPA and uPAR were both significantly 
associated with shorter progression PSA doubling times, failure to respond to salvage local 
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confined prostate cancer from those with organ-confined diseases. Although additional 
validation studies are needed to show the performance of ECPA-2 in a more representative 
population, these results lend support to the development of a more accurate blood-based 
assay to identify aggressive prostate cancer. 

2.4 uPA/uPAR 
A wealth of reports suggest a key role for the urokinase-type plasminogen activator and its 
receptor (uPA/uPAR) in invasion and metastatic dissemination (Duffy, 2004). uPA is is a 
member of the serine protease family synthetized and secreted as a pro-enzyme, whose 
activation is markedly accelerated upon binding with high affinity to specific membrane-
bound or soluble cell surface uPAR. Once activated, the uPA/uPAR system efficiently 
converts plasminogen into plasmin, a protease which then modulates extracellular matrix 
degradation, tumor cell invasion and growth factor activation (Duffy, 2004). In prostate 
cancer, overexpression of uPA and uPAR (transcripts and proteins) have been reported in 
tumor tissues suggesting that both proteins could be associated with tumor progression. 
Immunohistochemical studies have shown an incremental increase in uPA/uPAR 
expression from benign epithelium to primary organ-confined prostate cancer, to disease 
extending beyond the prostate capsule, and to bone metastases (Cozzi et al., 2006; Gavrilov 
et al., 2001; Pulukuri et al., 2007; Usher et al., 2005). In addition, overexpression of uPA and 
its inhibitor PAI-1 are associated with aggressive prostate cancer recurrence in men treated 
with radical prostatectomy (Gupta et al., 2009). Elevated circulating levels of uPA and/or 
uPAR have been associated with advanced prostate cancer and bone metastases (Hienert et 
al., 1988a; Hienert et al., 1988b; Miyake et al., 1999). Shariat et al. have recently reported that 
plasma levels of uPA and uPAR are not only higher in men with prostate cancer than in 
healthy controls, but decrease significantly after prostatectomy (suggesting that direct local 
production by malignant cells significantly contributes to increased uPA and uPAR 
circulating levels of these markers in patients), then increase with disease progression 
(Shariat et al., 2007). Of note, higher preoperative uPA and uPAR were both significantly 
associated with shorter progression PSA doubling times, failure to respond to salvage local 
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radiation therapy, and /or development of distant metastases (Shariat et al., 2007). Larger 
studies are needed to validate the promising role of uPA and uPAR as biomarkers of 
aggressive prostate cancer. 

3. DNA biomarkers 
3.1 Epigenetic markers 
Epigenetic alterations, i.e., alterations in gene expression without changes in the DNA 
sequence, include global genomic hypomethylation, promoter hypermethylation of CpG 
islands and loss of imprinting. The most common somatic genome alteration during 
prostate cancer development appears to be the hypermethylation in the regulatory region of 
certain genes, most commonly in the promoter of the π-class glutathione-S-transferase 
(GSTP1) gene (Lee et al., 1994). GSTP1 is a member of a large family of glutathione 
transferases that protect DNA from free radicals (Hayes & Strange, 1995). Men with a 
positive preoperative serum analysis for GSTP1 CpG island hypermethylation were at 
significant risk to experience PSA recurrence within the first several years following radical 
prostatectomy (Bastian et al., 2005). A high frequency of GSTP1 methylation in the urine of 
men with high-stage cancer was also recently reported (Woodson et al., 2008). Other 
candidate genes have been examined for hypermethylation along with GSTP1. A recent 
study suggested that men with advanced prostate cancer and biochemical recurrence 
experience a significant increase in promoter hypermethylation between initial diagnosis 
(first blood analysis) and time to progression (second blood analysis) in the four genes with 
the highest methylation frequencies (GSTP1, APC, RARβ2 and RASSF1α) in prostate cancer 
patients compared to age-matched controls (Roupret et al., 2008). This study suggests that 
multiple gene methylation analysis in circulating cell DNA could be a good biomarker for 
early detection of prostate cancer recurrence. 

3.2 Gene fusion proteins 
Based on a bioinformatics strategy Tomlins et al. described for the first time in prostate 
cancer a series of genetic rearrangements between the 5’-untranslated region of TMPRSS2 
(21q22) and some members of the ETS family of transcription factors, such as ERG (21q22), 
ETV1 (7p21) and ETV4 (17q21), which have important roles in several oncogenic pathways 
(Tomlins et al., 2005). Approximatively 50% of prostate cancers from serum PSA-screened 
cohorts harbor recurrent gene fusions (Kumar-Sinha et al., 2008), which can be detected by 
fluorescent in situ hybridisation (FISH). Conflicting results have been reported regarding the 
prognosis value of prostate cancer harboring TMPRESS2:ERG gene fusions. Earlier studies 
reported associations with high stage, metastasis, and prostate cancer-specific death (Attard 
et al., 2008; Demichelis et al., 2007; Nam et al., 2007), but more recent reports found no 
association with outcome (Gopalan et al., 2009; Leinonen et al., 2010; Mehra et al., 2007), an 
association with favorable outcome (Saramaki et al., 2008), or a similar percentage of 
TMPRSS2:ERG gene fusion in minute and nonminute adenocarcinomas (Albadine et al., 
2009), all suggesting its lack of value as a marker of aggressive prostate cancer. The analysis 
of the relationship between TMPRSS2:ERG fusion and morphological features of prostate 
cancer has produced diverging results. Most studies have found no statistically significant 
association between TMPRSS2:ERG rearrangement and Gleason score, while some have 
demonstrated an association with either higher (Attard et al., 2008; Demichelis et al., 2007) 
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or lower Gleason scores (Fine et al., 2010; Gopalan et al., 2009). Taken together, it seems like 
the TMPRSS2:ERG fusion gene is an early event related to development of prostate cancer 
rather than a marker for progressive disease. Of note, the TMPRSSE:ERG fusion has 
potential for noninvasive prognosis of prostate cancer. Although RNA-based urinary tests 
demonstrate in general a high specificity and sensitivity to detect prostate cancer, no 
significant relationship was found between the presence of fusion transcripts and Gleason 
score or clinical stage (Hessels et al., 2007; Rice et al., 2010). 

3.3 Loss of heterozygosity 
The loss of heterozygosity (LOH) is a frequent genetic alteration in prostate cancer, in 
particular on chromosome arms 7q, 8p, 10q, 12p, 13q, 16q, 17q and 18q (Dong, 2006). Studies 
on chromosomal deletions of 8p22 by fluorescence in situ hybridization technique revealed 
8p22 deletion to be the strongest parameter to predict disease progression in patients 
undergoing surgery (Matsuyama et al., 2001). If some LOH have been shown to be 
associated with early stages of prostate cancer (Lu & Hano, 2008), others seem to indicate 
the presence of tumor suppressor genes whose inactivation is correlated with aggressive 
and metastatic tumors (Dong et al., 2000; Kibel et al., 2000; Matsuyama et al., 2007). A recent 
study reported the development of a noninvasive method to detect early stages of prostate 
cancer using LOH analysis of 7q31, 8p22, 12p13, 13q14, 16q23.2 and 18q21. Indeed LOH 
could be found in cells from urine obtained by prostatic massage (Thuret et al., 2005). In 
patients who underwent radical prostatectomy, LOH was confirmed from the prostatic 
tissue with a concordance of 86%. This noninvasive approach warrants further investigation 
to bring pronostic information on prostate cancer aggressiveness. 

4. RNA biomarkers 
4.1 PCA3 
PCA3 (formerly known as DD3) is a non-coding RNA very prostate specific (Bussemakers et 
al., 1999; de Kok et al., 2002). PCA3 mRNA levels can be measured in the urine specimens 
and several studies have shown that the PCA3 score is superior to serum PSA for predicting 
biopsy outcome (Groskopf et al., 2006; Haese et al., 2008; van Gils et al., 2007). The 
relationship between PCA3 score and parameters of cancer aggressiveness has also been 
studied and differ. Some studies report a positive relationship between PCA3 scores and 
parameters of more serious disease (Nakanishi et al., 2008; Whitman et al., 2008), while other 
studies could not find such a relationship (Hessels et al., 2010). Further studies are requested 
to evaluate the potential of PCA3 testing as prognostic test for prostate cancer. 

4.2 AMACR 
α-methylacyl-CoA racemase (AMACR) is a catalyst in the peroximal beta-oxidation of 
branched chain fatty acids found in dietary sources (Wanders et al., 2001), such as red meat 
and dairy products, the consumption of which has been associated with increased prostate 
cancer risks (Hsing & Chokkalingam, 2006). AMACR has been identified as a potential 
biomarker based on its overexpression in localized prostate cancer as compared to benign 
prostate epithelium (Luo et al., 2002; Rhodes et al., 2002; Rubin et al., 2002). In fact, 
immunostaining for AMACR is commonly performed in prostate biopsies to help 
distinguish benign from malignant tissue. Of note, AMACR expression was found 
consistently lower both at the transcriptional (cDNA expression arrays and RT-PCR) and at 
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radiation therapy, and /or development of distant metastases (Shariat et al., 2007). Larger 
studies are needed to validate the promising role of uPA and uPAR as biomarkers of 
aggressive prostate cancer. 

3. DNA biomarkers 
3.1 Epigenetic markers 
Epigenetic alterations, i.e., alterations in gene expression without changes in the DNA 
sequence, include global genomic hypomethylation, promoter hypermethylation of CpG 
islands and loss of imprinting. The most common somatic genome alteration during 
prostate cancer development appears to be the hypermethylation in the regulatory region of 
certain genes, most commonly in the promoter of the π-class glutathione-S-transferase 
(GSTP1) gene (Lee et al., 1994). GSTP1 is a member of a large family of glutathione 
transferases that protect DNA from free radicals (Hayes & Strange, 1995). Men with a 
positive preoperative serum analysis for GSTP1 CpG island hypermethylation were at 
significant risk to experience PSA recurrence within the first several years following radical 
prostatectomy (Bastian et al., 2005). A high frequency of GSTP1 methylation in the urine of 
men with high-stage cancer was also recently reported (Woodson et al., 2008). Other 
candidate genes have been examined for hypermethylation along with GSTP1. A recent 
study suggested that men with advanced prostate cancer and biochemical recurrence 
experience a significant increase in promoter hypermethylation between initial diagnosis 
(first blood analysis) and time to progression (second blood analysis) in the four genes with 
the highest methylation frequencies (GSTP1, APC, RARβ2 and RASSF1α) in prostate cancer 
patients compared to age-matched controls (Roupret et al., 2008). This study suggests that 
multiple gene methylation analysis in circulating cell DNA could be a good biomarker for 
early detection of prostate cancer recurrence. 

3.2 Gene fusion proteins 
Based on a bioinformatics strategy Tomlins et al. described for the first time in prostate 
cancer a series of genetic rearrangements between the 5’-untranslated region of TMPRSS2 
(21q22) and some members of the ETS family of transcription factors, such as ERG (21q22), 
ETV1 (7p21) and ETV4 (17q21), which have important roles in several oncogenic pathways 
(Tomlins et al., 2005). Approximatively 50% of prostate cancers from serum PSA-screened 
cohorts harbor recurrent gene fusions (Kumar-Sinha et al., 2008), which can be detected by 
fluorescent in situ hybridisation (FISH). Conflicting results have been reported regarding the 
prognosis value of prostate cancer harboring TMPRESS2:ERG gene fusions. Earlier studies 
reported associations with high stage, metastasis, and prostate cancer-specific death (Attard 
et al., 2008; Demichelis et al., 2007; Nam et al., 2007), but more recent reports found no 
association with outcome (Gopalan et al., 2009; Leinonen et al., 2010; Mehra et al., 2007), an 
association with favorable outcome (Saramaki et al., 2008), or a similar percentage of 
TMPRSS2:ERG gene fusion in minute and nonminute adenocarcinomas (Albadine et al., 
2009), all suggesting its lack of value as a marker of aggressive prostate cancer. The analysis 
of the relationship between TMPRSS2:ERG fusion and morphological features of prostate 
cancer has produced diverging results. Most studies have found no statistically significant 
association between TMPRSS2:ERG rearrangement and Gleason score, while some have 
demonstrated an association with either higher (Attard et al., 2008; Demichelis et al., 2007) 
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or lower Gleason scores (Fine et al., 2010; Gopalan et al., 2009). Taken together, it seems like 
the TMPRSS2:ERG fusion gene is an early event related to development of prostate cancer 
rather than a marker for progressive disease. Of note, the TMPRSSE:ERG fusion has 
potential for noninvasive prognosis of prostate cancer. Although RNA-based urinary tests 
demonstrate in general a high specificity and sensitivity to detect prostate cancer, no 
significant relationship was found between the presence of fusion transcripts and Gleason 
score or clinical stage (Hessels et al., 2007; Rice et al., 2010). 

3.3 Loss of heterozygosity 
The loss of heterozygosity (LOH) is a frequent genetic alteration in prostate cancer, in 
particular on chromosome arms 7q, 8p, 10q, 12p, 13q, 16q, 17q and 18q (Dong, 2006). Studies 
on chromosomal deletions of 8p22 by fluorescence in situ hybridization technique revealed 
8p22 deletion to be the strongest parameter to predict disease progression in patients 
undergoing surgery (Matsuyama et al., 2001). If some LOH have been shown to be 
associated with early stages of prostate cancer (Lu & Hano, 2008), others seem to indicate 
the presence of tumor suppressor genes whose inactivation is correlated with aggressive 
and metastatic tumors (Dong et al., 2000; Kibel et al., 2000; Matsuyama et al., 2007). A recent 
study reported the development of a noninvasive method to detect early stages of prostate 
cancer using LOH analysis of 7q31, 8p22, 12p13, 13q14, 16q23.2 and 18q21. Indeed LOH 
could be found in cells from urine obtained by prostatic massage (Thuret et al., 2005). In 
patients who underwent radical prostatectomy, LOH was confirmed from the prostatic 
tissue with a concordance of 86%. This noninvasive approach warrants further investigation 
to bring pronostic information on prostate cancer aggressiveness. 

4. RNA biomarkers 
4.1 PCA3 
PCA3 (formerly known as DD3) is a non-coding RNA very prostate specific (Bussemakers et 
al., 1999; de Kok et al., 2002). PCA3 mRNA levels can be measured in the urine specimens 
and several studies have shown that the PCA3 score is superior to serum PSA for predicting 
biopsy outcome (Groskopf et al., 2006; Haese et al., 2008; van Gils et al., 2007). The 
relationship between PCA3 score and parameters of cancer aggressiveness has also been 
studied and differ. Some studies report a positive relationship between PCA3 scores and 
parameters of more serious disease (Nakanishi et al., 2008; Whitman et al., 2008), while other 
studies could not find such a relationship (Hessels et al., 2010). Further studies are requested 
to evaluate the potential of PCA3 testing as prognostic test for prostate cancer. 

4.2 AMACR 
α-methylacyl-CoA racemase (AMACR) is a catalyst in the peroximal beta-oxidation of 
branched chain fatty acids found in dietary sources (Wanders et al., 2001), such as red meat 
and dairy products, the consumption of which has been associated with increased prostate 
cancer risks (Hsing & Chokkalingam, 2006). AMACR has been identified as a potential 
biomarker based on its overexpression in localized prostate cancer as compared to benign 
prostate epithelium (Luo et al., 2002; Rhodes et al., 2002; Rubin et al., 2002). In fact, 
immunostaining for AMACR is commonly performed in prostate biopsies to help 
distinguish benign from malignant tissue. Of note, AMACR expression was found 
consistently lower both at the transcriptional (cDNA expression arrays and RT-PCR) and at 
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the protein level (immunohistochemistry and western-blot) in metastatic prostate cancer 
compared to localized prostate cancer (Kuefer et al., 2002; Rubin et al., 2004). An association 
between low AMACR protein expression at diagnosis and an increased risk of biochemical 
recurrence and fatal prostate cancer was reported in patients diagnosed with a localized 
prostate cancer who underwent radical prostatectomy or not (Rubin et al., 2005). Recent 
findings from the same group confirmed that down-regulation of AMACR expression is 
associated with poorer outcomes in a cohort of 920 men diagnosed with prostate cancer. 
However the lack of statistical significance suggests that tumor AMACR expression at 
diagnosis is not a useful prognostic biomarker for lethal disease after treatment (Barry et al., 
2011). Although AMACR protein can been detected in urine by western-blot, its 
concentration is low in serum, making the development of a serum test difficult (Rogers et 
al., 2004). Circulating concentrations of AMACR mRNA in urine or serum quantified by RT-
PCR have been found elevated in patients but these pilot studies are limited to small series 
(Zehentner et al., 2006; Zielie et al., 2004).  

4.3 MicroRNAs 
MicroRNAs are small RNAs found to regulate mRNA function by modulating both 
mRNA stability and the translation of mRNA into protein. Their expression is commonly 
altered in solid tumors and multiple microRNAs have been shown to have oncogenic 
properties or act like tumor suppressor genes. Besides their therapeutic potential, 
microRNAs hold unique characteristics that herald them as ideal tumor markers 
including their stability and ease of detection (Heneghan et al., 2010). Despite the large 
body of work that has been published to date, only limited information is available 
regarding the expression levels of specific microRNAs in relation to the aggressiveness of 
prostate cancer. Taking advantage of the stability of tumor-derived microRNAs in 
circulating blood, Mitchell and co-workers found a remarkably higher level of miR-141 
(46-fold increase) in a patients with metastatic prostate cancer compared to healthy 
control men (Mitchell et al., 2008). The first evidence of a possible prognostic relevance of 
microRNAs in prostate cancer was obtained from a study examining the tissue expression 
of 40 patients undergoing prostatectomy. The increased expression of miR-135b and miR-
194 was associated with biochemical recurrence within 2 years of surgery (Tong et al., 
2009). Another study, conducted on matched tumor and adjacent normal tissues obtained 
from 76 patients, found that high expression of miR-96 was associated with cancer 
recurrence after radical prostatectomy, and that prognostic information was confirmed by 
an independent tumor sample set from 79 pateints (Schaefer et al., 2010). The miR-221 
expression is also progressively reduced in aggressive prostate cancer and metastasis and 
predicts clinical recurrence in patients (n=92) undergoing radical prostatectomy (Spahn et 
al., 2010). More recently, miR-143 and miR-145 were identified as being associated with 
bone metastasis of prostate cancer and involved in the regulation of epithelial-
mesenchymal transition (Peng et al., 2011). Interestingly, the loss of miR-101 expression 
during cancer progression in human tumors has been associated with overexpression of 
histone methytransferase EZH2 (enhancer of zeste homolog 2) (Varambally et al., 2008). 
Amounts of both EZH2 mRNA and EZH2 protein are increased in metastatic prostate 
cancer; in addition, clinically localized prostate cancers that express higher concentrations 
of EZH2 show a poorer prognosis (Varambally et al., 2002). In cancer cell lines, the 
expression and function of EZH2  are inhibited by miR-101 (Varambally et al., 2008). 
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Thus, dysregulated expression of EZH2 may be involved in the progression of prostate 
cancer, and miR101 might represent a marker that distinguishes indolent prostate cancer 
from those at risk of lethal progression  

5. Other potential biomarkers 
5.1 Metabolomics 
Metabolite profiling or metabolomics, the analysis of endogenous metabolites in a biological 
system was recently suggested to be a promising approach to identify novel metabolites or 
their changes (Fredolini et al., 2010). In practice, however, analysis of the metabolome is 
complex because of the large range of detectable metabolites. By screening 110 samples from 
men’s urine and blood and 42 tissue samples, Chinnaiyan and collaborators recently 
identified 1,126 metabolites. They identified 87 that distinguish normal prostate from 
prostate cancer, then narrowed down the list to 6 whose levels were higher in samples 
linked to localized prostate cancer and higher still in metastatic disease (Sreekumar et al., 
2009). Sarcosine, an N-methyl derivative of the amino acid glycine, was identified as a 
differential metabolite that was highly increased during prostate cancer progression to 
metastasis. Surprisingly, the authors also provided evidence using cell cultures for a 
functional role of sarcosine in promoting invasive properties in these cells, whereas 
lowering the level of the enzyme producing sarcosine reduces invasiveness (Sreekumar et 
al., 2009). The potential role of urinary was reevaluated in another study, which showed that 
sarcosine in urine after digital rectal examination fails as a marker in prostate cancer 
detection and identification of aggressive tumors (Jentzmik et al., 2010). In addition to this 
work, the same group showed no correlation with sarcosine level in tissues and tumor stage, 
tumor grade or biochemical recurrence in 92 samples obtained after radical prostatectomy 
(Jentzmik et al., 2011). Although the lack of metastatic tissue samples was a limitation, this 
study establishes that sarcosine measurement in prostate tissue is not suitable to predict 
cancer aggressiveness or biochemical progress. 

5.2 Disseminated tumor cells 
The shedding of tumor cells into the circulation is a necessary condition for metastasis 
dissemination and the clinical relevance of the detection of disseminated tumors cells 
(DTCs) in bone marrow (the most prominent metastatic site in prostate and breast cancer) 
or in peripheral blood of patients free of apparent metastasis in under investigation. So 
far, only large breast cancer studies have confirmed the independent prognostic value of 
the bone marrow status (Berg et al., 2007). Recent studies have demonstrated an 
association between DTCs in bone marrow at diagnosis of nonmetastastic prostate cancer 
(Berg et al., 2007; Kollermann et al., 2008). Although a DTC-positive bone marrow status 
was associated with grading and increased risk of metastasis, the study by Berg et al. on 
266 patients did not find a correlation of DTC detection and survival (Berg et al., 2007). In 
contrast, Köllermann et al. demonstrated the prognostic relevance of DTCs in bone 
marrow patients with clinically localized prostate cancer submitted to neo-adjuvant 
hormonal therapy followed by radical prostatectomy and a median follow-up of 44 
months (Kollermann et al., 2008). This study is the first one on a large series of patients 
with sufficient long follow-up to clearly demonstrate an adverse prognostic effect of the 
presence of DTCs at the time of initial diagnostic.  
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the protein level (immunohistochemistry and western-blot) in metastatic prostate cancer 
compared to localized prostate cancer (Kuefer et al., 2002; Rubin et al., 2004). An association 
between low AMACR protein expression at diagnosis and an increased risk of biochemical 
recurrence and fatal prostate cancer was reported in patients diagnosed with a localized 
prostate cancer who underwent radical prostatectomy or not (Rubin et al., 2005). Recent 
findings from the same group confirmed that down-regulation of AMACR expression is 
associated with poorer outcomes in a cohort of 920 men diagnosed with prostate cancer. 
However the lack of statistical significance suggests that tumor AMACR expression at 
diagnosis is not a useful prognostic biomarker for lethal disease after treatment (Barry et al., 
2011). Although AMACR protein can been detected in urine by western-blot, its 
concentration is low in serum, making the development of a serum test difficult (Rogers et 
al., 2004). Circulating concentrations of AMACR mRNA in urine or serum quantified by RT-
PCR have been found elevated in patients but these pilot studies are limited to small series 
(Zehentner et al., 2006; Zielie et al., 2004).  

4.3 MicroRNAs 
MicroRNAs are small RNAs found to regulate mRNA function by modulating both 
mRNA stability and the translation of mRNA into protein. Their expression is commonly 
altered in solid tumors and multiple microRNAs have been shown to have oncogenic 
properties or act like tumor suppressor genes. Besides their therapeutic potential, 
microRNAs hold unique characteristics that herald them as ideal tumor markers 
including their stability and ease of detection (Heneghan et al., 2010). Despite the large 
body of work that has been published to date, only limited information is available 
regarding the expression levels of specific microRNAs in relation to the aggressiveness of 
prostate cancer. Taking advantage of the stability of tumor-derived microRNAs in 
circulating blood, Mitchell and co-workers found a remarkably higher level of miR-141 
(46-fold increase) in a patients with metastatic prostate cancer compared to healthy 
control men (Mitchell et al., 2008). The first evidence of a possible prognostic relevance of 
microRNAs in prostate cancer was obtained from a study examining the tissue expression 
of 40 patients undergoing prostatectomy. The increased expression of miR-135b and miR-
194 was associated with biochemical recurrence within 2 years of surgery (Tong et al., 
2009). Another study, conducted on matched tumor and adjacent normal tissues obtained 
from 76 patients, found that high expression of miR-96 was associated with cancer 
recurrence after radical prostatectomy, and that prognostic information was confirmed by 
an independent tumor sample set from 79 pateints (Schaefer et al., 2010). The miR-221 
expression is also progressively reduced in aggressive prostate cancer and metastasis and 
predicts clinical recurrence in patients (n=92) undergoing radical prostatectomy (Spahn et 
al., 2010). More recently, miR-143 and miR-145 were identified as being associated with 
bone metastasis of prostate cancer and involved in the regulation of epithelial-
mesenchymal transition (Peng et al., 2011). Interestingly, the loss of miR-101 expression 
during cancer progression in human tumors has been associated with overexpression of 
histone methytransferase EZH2 (enhancer of zeste homolog 2) (Varambally et al., 2008). 
Amounts of both EZH2 mRNA and EZH2 protein are increased in metastatic prostate 
cancer; in addition, clinically localized prostate cancers that express higher concentrations 
of EZH2 show a poorer prognosis (Varambally et al., 2002). In cancer cell lines, the 
expression and function of EZH2  are inhibited by miR-101 (Varambally et al., 2008). 
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Thus, dysregulated expression of EZH2 may be involved in the progression of prostate 
cancer, and miR101 might represent a marker that distinguishes indolent prostate cancer 
from those at risk of lethal progression  

5. Other potential biomarkers 
5.1 Metabolomics 
Metabolite profiling or metabolomics, the analysis of endogenous metabolites in a biological 
system was recently suggested to be a promising approach to identify novel metabolites or 
their changes (Fredolini et al., 2010). In practice, however, analysis of the metabolome is 
complex because of the large range of detectable metabolites. By screening 110 samples from 
men’s urine and blood and 42 tissue samples, Chinnaiyan and collaborators recently 
identified 1,126 metabolites. They identified 87 that distinguish normal prostate from 
prostate cancer, then narrowed down the list to 6 whose levels were higher in samples 
linked to localized prostate cancer and higher still in metastatic disease (Sreekumar et al., 
2009). Sarcosine, an N-methyl derivative of the amino acid glycine, was identified as a 
differential metabolite that was highly increased during prostate cancer progression to 
metastasis. Surprisingly, the authors also provided evidence using cell cultures for a 
functional role of sarcosine in promoting invasive properties in these cells, whereas 
lowering the level of the enzyme producing sarcosine reduces invasiveness (Sreekumar et 
al., 2009). The potential role of urinary was reevaluated in another study, which showed that 
sarcosine in urine after digital rectal examination fails as a marker in prostate cancer 
detection and identification of aggressive tumors (Jentzmik et al., 2010). In addition to this 
work, the same group showed no correlation with sarcosine level in tissues and tumor stage, 
tumor grade or biochemical recurrence in 92 samples obtained after radical prostatectomy 
(Jentzmik et al., 2011). Although the lack of metastatic tissue samples was a limitation, this 
study establishes that sarcosine measurement in prostate tissue is not suitable to predict 
cancer aggressiveness or biochemical progress. 

5.2 Disseminated tumor cells 
The shedding of tumor cells into the circulation is a necessary condition for metastasis 
dissemination and the clinical relevance of the detection of disseminated tumors cells 
(DTCs) in bone marrow (the most prominent metastatic site in prostate and breast cancer) 
or in peripheral blood of patients free of apparent metastasis in under investigation. So 
far, only large breast cancer studies have confirmed the independent prognostic value of 
the bone marrow status (Berg et al., 2007). Recent studies have demonstrated an 
association between DTCs in bone marrow at diagnosis of nonmetastastic prostate cancer 
(Berg et al., 2007; Kollermann et al., 2008). Although a DTC-positive bone marrow status 
was associated with grading and increased risk of metastasis, the study by Berg et al. on 
266 patients did not find a correlation of DTC detection and survival (Berg et al., 2007). In 
contrast, Köllermann et al. demonstrated the prognostic relevance of DTCs in bone 
marrow patients with clinically localized prostate cancer submitted to neo-adjuvant 
hormonal therapy followed by radical prostatectomy and a median follow-up of 44 
months (Kollermann et al., 2008). This study is the first one on a large series of patients 
with sufficient long follow-up to clearly demonstrate an adverse prognostic effect of the 
presence of DTCs at the time of initial diagnostic.  
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Markers Strategy  of Detection Comments 

   

PSCA RT-PCR (blood),  
Protein expression (tissue) Potential therapeutic target  

   

PSP94 ELISA (blood), 
Protein expression (tissue) 

One of the major secretory 
proteins of the prostate gland 

   

ECPA/ECPA-2 ELISA (blood), 
Protein expression (tissue)  

   

uPA/uPAR ELISA (blood), 
Protein expression (tissue) 

uPAR expression in DTCs (bone 
marrow, peripheral blood), 
Potential therapeutic target  

   
Epigenetic markers 
(eg. GSTP1) 

Methylation specific PCR 
(blood, urine)  

Potential Multiplex test with other 
urine biomarkers 

   
Gene fusion proteins 
(eg. TMPRSS2 :ERG) 

RT-PCR (urine) 
FISH (tissue) 

Potential Multiplex test with other 
urine biomarkers  

   
Loss of heterozygoty PCR (blood, urine)  
   

PCA3 Transcription-mediated 
amplification assay (urine) 

Potential Multiplex test with other 
urine biomarkers 

   

AMACR RT-PCR (blood, urine)  
Protein expression (tissue) 

Potential Multiplex test with other 
urine biomarkers, 
Potential therapeutic target 

   

MicroRNAs RT-PCR (blood, urine, 
tissue)  Potential therapeutic targets 

   
Metabolomics Profiling (urine, blood)  
   

Disseminated Tumor Cells Enumeration (blood, bone 
marrow)  

   

Table 1. Potential biomarkers and their strategy of detection 

Despite bone marrow analysis provides important information, peripheral blood studies are 
more acceptable in the clinical management than invasive BM aspirations. However, 
identification of circulating tumor cells (DTCs) require extremely sensitive analytical 
methods that are usually combined with enrichment procedures. Although promising 
results from patients with advanced stages demonstrate the value of CTCs technology 
(currently evaluated and validated in clinical trials as a predictor and surrogate endpoint of 
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treatment response), studies on patients at earlier stages are hampered by the low CTC 
counts. A recent study from Haber and collaborators shows that tumor cells obtained from 
the blood of cancer patients were monitored before and after surgery, most circulating cells 
rapidly declined shortly after surgery while others persisted months thereafter, suggesting 
that postoperative CTCs might derive from preestablished non prostatic sites of disease that 
continue to shed CTCs into the circulation (Stott et al., 2010). If confirmed, these 
observations support the potential application of CTC monitoring as a marker of invasive 
localized disease before the establishment of viable metastatic lesions.  

6. Conclusion  
We have here attempted to give some examples of potential DNA-based, RNA-based and 
protein-based markers of aggressiveness in prostate cancer. Comparisons between studies 
are often difficult because of some inconsistencies between study cohorts, collection 
methods and handling of samples. It is unlikely that a single biomarker (evaluated on 
conventional approach looking at a single molecular predictor significantly up- or down-
regulated) will provide the information requested to tell how aggressive a diagnosed 
prostate cancer is. New research methods (proteomics, metabolomics…) are also emerging, 
and high-throughput technologies will facilitate biomarker discovery. Therefore, future 
advances in this field will probably have to integrate proteomics, transcriptomics and 
multiplex approaches and identify combinations of multiple biomarkers in order to improve 
the characterization of aggressive prostate cancers. 
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1. Introduction 
To date there were only a few risk factors for developing prostate cancer (Pca) like advanced 
age, skin color and family history (Crawford, 2003). For the long time obesity was 
considered a negative feature which may contribute to chronic diseases like hypertension or 
diabetes, but its relationship with cancers was unknown. Last years revealed the obvious 
truth that such relationship exists and may be very strong. The problem seems to be very 
important given that obesity is very common, especially in western countries. 
Over the past 25 years, the number of obese men has increased from 15% to 30% in USA. In 
2000 66% of adults in U.S were classified as overweight or obese (Flegal et al., 2002) 
Nowadays no one denies that overweight and obesity is an independent risk factor for 
developing colon cancer or post-menopausal breast cancer. 
Relationship with other cancers is still discussed especially in case of Pca. While the 
connection between obesity and chronic internal diseases is simple to explain, its relation to 
cancers is not so unequivocal. Most theories indicate the permanent chronic inflammation in 
obese which may contribute to oncogenesis. 
Dishormonose observed in obese consists of high levels of insulin, insulin growth factor – 1 
(IGF-1) (Chan et al., 1998, 2002), leptin, estrogens, and low levels of androgens. Insulin and 
IGF -1 are strong mitosis activators which may explain such ”oncopotential”. On the other 
hand low levels of testosterone and high of estrogen should protect men from developing 
Pca. It is only a simple example why the relation between obesity and prostate cancer may 
be very complex. 

2. Nutrition 
Several products are thought to be associated with increased risk for developing prostate 
cancer, others are known to act protectively. To the first group we may include saturated 
fats, red meat and dairy products (Kondo et al., 1994; Shirai, et al., 1997; Torniainen et al., 
2007). In the second group we will find vitamin A, D and E, selenium, lycopene, 
fitoestrogens and isoflavones (Clark et al., 1998; Heinonen et al., 1998; Imaida et al., 2001; 
Kato et al., 2000; Schwartz et al., 1990). Vitamin A, D, E, selenium, lycopene and 
fitoestrogens are the compounds of fruits, vegetables, soya and tea. Vitamin A is known to 
improve cell apoptosis (Pienta et al., 1993; Young et al., 1994). Vitamin D facilitates cell 
differentiation (Hedlund et al., 1997). It was hypothesized that it may increase PSA 
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doubling time (PSA DT) (Beer et al., 2003). Selenium is a known antioxidant (Clark et al., 
1996). In Asia, where soya and tea consumption (fitoestrogens) is higher in comparison to 
western countries, the prevalence of prostate cancer is lower (Adlercreutz et al., 1993; 
Fotsis et al., 1993). Several studies tried to prove the favorable impact of vitamin E in Pca 
prevention (Knekt et al., 1990; The Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study Group, 1994). 
However, it has to be stressed that such influences are still rather hypothesis than evidence 
based facts. SELECT (Selenium and Vitamin E Comparison Trial) trial failed to demonstrate 
the favorable impact of selenium and vitamin E on Pca morbidity (Ledesma et al., 2011). 

3. Obesity 
It is of paramount significance to distinguish between high-risk and low-risk patients 
depending on extent of obesity. There are many ways to determine the range of overweight 
and obesity. The most prevalent is body mass index developed by World Health 
Organization. However, it does not differentiate fat mass from muscle mass. That is why 
waist - hip ratio (WHR) is more commonly applied while assessing the central adiposity, 
and correlates much stronger with hormonal alterations (the importance of that finding is 
emphasized later in the text) than BMI. 
There are various theories concerning the influence of obesity on the natural development, 
diagnostics or progression after radical treatment of Pca. The Health Professional Follow-Up 
Study was based on 47757 men who were observed for 14 years and showed that relative 
risk for developing prostate cancer was 0,52 in obese compared to non-obese men 
(Giovannucci et al., 2003). 
The 5 times increased percentage of biochemical recurrence after radical prostatectomy 
observed in Afro-Americans, compared to Euro-Americans, is sometimes explained by 3 
times more frequent presence of overweight or obesity among the former. It also may 
result from the polymorphism of the androgen receptor which causes higher PSA 
concentration in Afro-Americans. On the other hand two large studies failed to 
demonstrate disastrous impact of obesity on prostate cancer morbidity (Andersson et al., 
1997; Rapp et al., 2005).  
Not only the absolute value of BMI seems to be important when assessing the patient’s risk. 
It was shown that also gaining weight at the greatest rate of ≥ 1.5 kg/year between 25 years 
of age and time of Pca diagnosis will result in more rapid biochemical failure after radical 
treatment (Strom et al., 2005). 
The influence of obesity on Pca is definitely negative, including the following: 
1. dishormonose – abnormal hormone concentrations, which induces the intensification of 

diagnostics and at the same time postpones proper treatment 
2. comorbidities, which pushes the prostate diagnostics into the background and 

consequently patients suffer from more advanced forms of prostate cancer  
3. difficulties in per rectum examination in obese patients, 
4. difficulties during transrectal ultrasound (TRUS) of the prostate and prostate biopsy 

(due to larger prostates in obese patients) (Freedland et al., 2006). 
5. difficulties during radical prostatectomy and radical radiotherapy due to: 

a. technical problems (larger hooks, smaller operational field) 
b. larger prostates observed in obese patients (much problem while conducting nerve-

sparing technique)  
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6. Unfavorable postoperative features especially higher rate of: 
a. high grade disease 
b. positive surgical margins 
c. extraprostatic extension (pT3a) 
d. lymph node metastases (N+) 
e. biochemical recurrence 
f. fatal disease 

7. hemodilution (explained later) 
Lastly it was proved that the unfavorable impact of obesity on Pca may be explained by 
genetic examinations. It was hypothesized that the AA genotype of rs9939609, which is 
associated with an increase in BMI, would protect against non-aggressive prostate tumors 
whilst increasing the risk of aggressive prostate tumors (Lewis et al., 2010). The 
abovementioned study gave us only weak proof of such correlation. 

4. Prostate cancer cells and adipocytes 
Skeletal metastases are most common in advanced Pca. Metastases are known to be 
osteoblastic ones. Prostate cancer cells are absorbing lipids directly to develop and progress, 
that is why bone marrow is so common place of metastases. 
 It was also experimentally shown that bone marrow without adypocytes is less attractive 
for prostate cancer cells to residue (Brown et al., 2006). It was even suggested that lowering 
lipid levels with statins will impact the progression of prostate cancer, but this assumption 
turned out not to be true (Platz et al., 2006). 

5. Sex hormones 
As stated in the introduction in obese levels of sex hormones are different from that 
observed in normal weight people. Prostate is hormone-sensitive gland and therefore 
androgens are needed for its development.  
Also prostate cancer is hormone-sensitive and testosterone is known to accelerate its 
progression to advanced and metastatic form while estrogens inhibit such progress. This 
finding led us to application of castration (surgical or pharmacological) in the treatment of 
advanced or metastatic prostate cancer.  
However, the relation between dishormonese and prostate cancer is not so unequivocal. 
Testosterone also influences the differentiation of prostate cells (but not prostate cancer 
cells) to mature forms, while estrogens have contrary impact and therefore may lead to 
poorly differentiated Pca (Massengill et al. 2003; Schatzl et al., 2001). 

6. Aggressive prostate cancer 
It is also assumed that PCa in overweight people is more aggressive. Usually it was stated 
that Pca with Gleason score > 7 was significantly more frequent in obese patients. Not all 
authors agree with that hypothesis (Chyou et al., 1994; Major et al., 2011; Nilsen et al., 1999; 
Rodriguez et al., 2007; Schuurman et al., 2000; Snowdon et al., 1984).  
Authors emphasize that central obesity as the outcome of excessive fat accumulation results 
in glucose intolerance, high blood pressure, atherosclerosis, cardiovascular disease, insulin 
resistance, altered metabolic profile, metabolic syndrome, and obesity-related lipid 
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disorders (Hsing et al., 2007). Especially insulin resistance, higher IGF-1 and leptin levels are 
recognized responsible for such aggressiveness (Hedlund et al., 1994; Prabhat et al., 2010). 
IGF-1 is involved in angiogenesis, responsible for bone metastases and developing 
androgen-independent progression of Pca. Leptin is responsible for cell migration and 
growth factor expression in hormone-resistant cells of Pca.  
It is not proven that worse treatment outcomes in obese patients are due to unfavorable 
features of prostate cancer itself. In one of the studies it was reported that obesity was 
positively correlated with clinical progression independently of prostate cancer grade, stage 
and primary treatment (Gong et al., 2007). 
Higher rate of cancer progression is also due to unfavorable features of obese men after 
radical prostatectomy. It was proven that increased BMI is associated with high grade 
disease, positive surgical margins, extraprostatic extension of the disease and lymph node 
metastases. Biochemical recurrence after radical prostatectomy is also more frequent in 
obese patients compared to non-obese men (Freedland et al., 2005). 

7. Androgen deprivation therapy (ADT) 
Pharmacological castration with GnRH agonists is the standard treatment for patients with 
locally advanced or metastatic Pca. However, it is burdened with several adverse effects like 
osteoporosis, loss of libido, erectile dysfunction and finally metabolic syndrome. Increased 
levels of total cholesterol, LDL and decreased HDL, diabetes and hypertension contribute to 
higher risk of acute coronary syndrome (ACS).  
Obese patients receiving ADT are at highest risk for developing ACS as ADT therapy and 
obesity shares the cardiovascular risk through the metabolic syndrome. They should be 
constantly monitored and treated accordingly (Cleffi et al., 2011). Osteoporosis in Pca is not 
only the result of cancer itself. Osteoblastic metastases of prostate cancer contribute to 
pathologic spine fractures which may be fatal eventually. Immediate spine decompression 
in orthopedics department is indicated in such condition.  
The situation may be worse when patient is given ADT. I was proven that hypogonadism 
leads to osteopenia and finally to osteoporosis. As obese patients have lower levels of 
testosterone, abovementioned unfavorable factors may contribute to pathologic fractures.  
To prevent such mournful course patients are advised to take bisphospfonates (alendronic, 
zolendronic, clodronic acid, etc.) or denosumab (RANK ligand inhibitor) which inhibit 
osteoclasts and slow down progression of the disease. 

8. Hemodilution 
Undoubtedly, a negative feature of PSA concentration is the fact that it is subject to 
hemodilution. Some authors claim that in overweight and obese patients PSA concentration 
is lower, which is, in the first place, caused by the aforementioned phenomenon. This 
phenomenon is supposed to consist in the dissolution of PSA mass in a large amount of 
plasma, finally resulting in lower PSA concentration. PSA is a protease which physiological 
function consists in liquefying semen.  
Every man is characterized by a quite invariable amount (mass) of this secreted into the 
blood protein, depending on age, the size of prostate, the presence of cancer or other 
prostate diseases. However, standard PSA determination means that PSA mass is dissolved 
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in plasma volume which is mainly dependant on the obesity extent. This led some authors 
to explore new markers independent of hemodilution (Bryniarski et al., 2011). PSA mass 
meets these criteria, but further studies are needed to demonstrate its superiority over 
standard PSA concentration. 

9. Author’s contribution 
Hereby we present our work on hemodilution (Bryniarski et al., 2011). The aim of our study 
was to prove the superiority of PSA mass over standard PSA concentration in predicting 
biochemical recurrence after radical prostatectomy. 

9.1 Material and methods 
From 1994 until the end of 2007 206 radical retropubic prostatectomies in Caucasian men 
suffering from prostate cancer were carried out in the Department of Urology in Zabrze, 
Medical University of Silesia in Katowice. The patients who underwent preoperative anti-
androgen therapy, chemotherapy or radiotherapy were excluded from the research (29 
patients).  
177 patients were qualified for the research. In our group two types of data were subject to 
analysis. Preoperative data, such as: age, height, weight, BMI, PSA concentration 
(immunoenzymatic Elecsys test; Cobas 6000 Hitachi) and postoperative data: the extent of 
histopathologic differentiation of prostate tissue in Gleason score, extracapsular extension 
(pT3), the presence of lymph nodes metastases and the presence of positive surgical 
margins.  
Patients are under constant control in the Hospital Outpatient Clinic, thanks to which data 
concerning progression (biochemical recurrence, local recurrence, death) were also collected 
and the cancer-specific survival time was determined. The total volume of plasma and the 
PSA mass were calculated on the basis of the formulas (Table 1) (Boer, 1984; Du Bois & Du 
Bois, 1916). 
 
 

Estimated Body Surface 
(EBS) Plasma volume [liters] (PV) PSA mass [µg] 

(weight)0,425 x (height)0,72 x 
0,007184 EBS x 1,670 PV x PSA concentration 

 

Table 1. The formulas to estimate plasma volume and PSA mass. 

The group of 177 patients was divided according to: 
1. BMI – into 3 groups: I – 45 patients with normal weight (BMI < 25), II – 95 overweight 

patients (BMI – 25 – 29,9), III – 37 obese patients (BMI ≥ 30). 
2. Preoperative PSA concentration – into 3 groups: I – 79 patients with PSA < 10 ng/ml, II 

– 66 patients with PSA 10 – 19,9 ng/ml, III – 32 patients with PSA ≥ 20 ng/ml. 
3. Preoperative PSA mass – into 3 groups: I – 71 patients with PSA < 40 µg, II – 78 patients 

with PSA 40 – 69,9 µg and III – 28 patients with PSA ≥ 70 µg. 
The characteristics of each group is shown in tables 2 and 3. 
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obesity shares the cardiovascular risk through the metabolic syndrome. They should be 
constantly monitored and treated accordingly (Cleffi et al., 2011). Osteoporosis in Pca is not 
only the result of cancer itself. Osteoblastic metastases of prostate cancer contribute to 
pathologic spine fractures which may be fatal eventually. Immediate spine decompression 
in orthopedics department is indicated in such condition.  
The situation may be worse when patient is given ADT. I was proven that hypogonadism 
leads to osteopenia and finally to osteoporosis. As obese patients have lower levels of 
testosterone, abovementioned unfavorable factors may contribute to pathologic fractures.  
To prevent such mournful course patients are advised to take bisphospfonates (alendronic, 
zolendronic, clodronic acid, etc.) or denosumab (RANK ligand inhibitor) which inhibit 
osteoclasts and slow down progression of the disease. 

8. Hemodilution 
Undoubtedly, a negative feature of PSA concentration is the fact that it is subject to 
hemodilution. Some authors claim that in overweight and obese patients PSA concentration 
is lower, which is, in the first place, caused by the aforementioned phenomenon. This 
phenomenon is supposed to consist in the dissolution of PSA mass in a large amount of 
plasma, finally resulting in lower PSA concentration. PSA is a protease which physiological 
function consists in liquefying semen.  
Every man is characterized by a quite invariable amount (mass) of this secreted into the 
blood protein, depending on age, the size of prostate, the presence of cancer or other 
prostate diseases. However, standard PSA determination means that PSA mass is dissolved 
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in plasma volume which is mainly dependant on the obesity extent. This led some authors 
to explore new markers independent of hemodilution (Bryniarski et al., 2011). PSA mass 
meets these criteria, but further studies are needed to demonstrate its superiority over 
standard PSA concentration. 

9. Author’s contribution 
Hereby we present our work on hemodilution (Bryniarski et al., 2011). The aim of our study 
was to prove the superiority of PSA mass over standard PSA concentration in predicting 
biochemical recurrence after radical prostatectomy. 

9.1 Material and methods 
From 1994 until the end of 2007 206 radical retropubic prostatectomies in Caucasian men 
suffering from prostate cancer were carried out in the Department of Urology in Zabrze, 
Medical University of Silesia in Katowice. The patients who underwent preoperative anti-
androgen therapy, chemotherapy or radiotherapy were excluded from the research (29 
patients).  
177 patients were qualified for the research. In our group two types of data were subject to 
analysis. Preoperative data, such as: age, height, weight, BMI, PSA concentration 
(immunoenzymatic Elecsys test; Cobas 6000 Hitachi) and postoperative data: the extent of 
histopathologic differentiation of prostate tissue in Gleason score, extracapsular extension 
(pT3), the presence of lymph nodes metastases and the presence of positive surgical 
margins.  
Patients are under constant control in the Hospital Outpatient Clinic, thanks to which data 
concerning progression (biochemical recurrence, local recurrence, death) were also collected 
and the cancer-specific survival time was determined. The total volume of plasma and the 
PSA mass were calculated on the basis of the formulas (Table 1) (Boer, 1984; Du Bois & Du 
Bois, 1916). 
 
 

Estimated Body Surface 
(EBS) Plasma volume [liters] (PV) PSA mass [µg] 

(weight)0,425 x (height)0,72 x 
0,007184 EBS x 1,670 PV x PSA concentration 

 

Table 1. The formulas to estimate plasma volume and PSA mass. 

The group of 177 patients was divided according to: 
1. BMI – into 3 groups: I – 45 patients with normal weight (BMI < 25), II – 95 overweight 

patients (BMI – 25 – 29,9), III – 37 obese patients (BMI ≥ 30). 
2. Preoperative PSA concentration – into 3 groups: I – 79 patients with PSA < 10 ng/ml, II 

– 66 patients with PSA 10 – 19,9 ng/ml, III – 32 patients with PSA ≥ 20 ng/ml. 
3. Preoperative PSA mass – into 3 groups: I – 71 patients with PSA < 40 µg, II – 78 patients 

with PSA 40 – 69,9 µg and III – 28 patients with PSA ≥ 70 µg. 
The characteristics of each group is shown in tables 2 and 3. 
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 BMI (kg/m2) PSA (ng/ml) PSA mass (µg) 

I II III I II III I II III 

Age (years) 

mean 62,8 62,2 62,1 63 61,4 62,6 62,8 61,8 62,7 

SD 6,7 5,9 6 5,7 6,9 5,5 5,8 6,5 6 

range 50-76 48-74 49-71 49-74 48-76 52-72 49-74 48-76 52-72 

BMI (kg/m2) 

mean 23,4 27,4 32,6 27,1 28 27,4 26,9 27,8 28,2 

SD 1,4 1,3 2,3 2,9 4 3,3 2,9 3,6 4 

range 17,9-
24,9 25-29,9 30,1-

40,3 
20-
37,5 

17,9-
40,3 

22,1-
35 

20-
37,5 

17,9-
40,3 

22,1-
38 

Plasma 
volume (liters) 

mean 3,1 3,2 3,45 3,2 3,3 3,2 3,2 3,2 3,2 

SD 0,13 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 

range 2,9-3,4 2,8-3,9 2,9-4,1 2,7-3,7 2,8-4,1 2,9-3,7 2,7-3,7 2,8-4,1 2,9-3,9 

PSA 
concentration 
(ng/ml) 

mean 12,8 14,1 14,2 6,4 14,2 31,3 6,1 14,1 32,6 

SD 8,9 11,9 7,7 1,9 2,8 11,6 1,7 3,5 11,9 

range 2,8-
51,8 

1,8-
61,7 

4,2- 
43,4 1,8-9,8 10-

19,8 
20,4-
61,7 1,8-9,6 9-21,8 18-

61,7 

Gleason score median 5 6 6 5 6 6 5 6 6 

PSA mass (µg) 

mean 56,6 46,2 48,9 20,8 47 101,1 19,7 46,2 106,7 

SD 27,4 39 25,1 6,37 10,3 37,1 5,6 11,3 36,5 

range 31,9-
156,6

6,5-
196,6

13,7-
129,5

6,5-
32,7 

30,3-
71 

64,2-
196,6

6,5-
29,8 

30,3-
69,6 

70,7-
196,6 

Table 2. Characteristics of patients in groups of BMI, PSA concentration and PSA mass. 

All constant variables distributions were analyzed with regard to normality by means of 
Kolmogorov-Smirnov and Lilliefors tests. By means of descriptive statistics the following 
characteristics have been determined: mean or median, standard deviation as well as 
maximal and minimal value. 
In order to determine differences between the groups, where variables are of categorical 
character, Chi-square test has been used. In order to determine differences between a 
number of independent groups, where continuous variables have distribution other than 
normal, Kruskal-Wallis test has been used.  
In order to eliminate the influence of factors disrupting the correlation between BMI and 
PSA concentration, such as: age, the extent of prostate cancer differentiation in Gleason 
score, extracapsular extension (pT3) or positive surgical margins, multiple regression has 
been used to create a model which would describe the aforesaid relationship. The 
aforementioned disrupting factors have been incorporated into the model.  
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BMI (kg/m2) PSA concentration 

(ng/ml) PSA mass (µg) 

I II III I II III I II III 

pT3 
Yes 12 

(18,1%)
33 

(50%)
21 

(31,9%)
14 

(21,2%)
32 

(48,5%)
20 

(30,3%)
13 

(19,6%)
34 

(51,5%) 
19 

(28,7%) 

No 33 
(29,7%)

62 
(55,8%)

16 
(14,5%)

65 
(58,5%)

34 
(30,6%)

12 
(10,9%)

58 
(52,2%)

44 
(39,6%) 

9 
(8,1%) 

Positive 
lymph nodes 

Yes 2 
(20%)

4 
(40%)

4 
(40%)

1 
(10%)

5 
(50%)

4 
(40%)

1 
(10%)

3 
(30%) 

6 
(60%) 

No 43 
(25,7%)

91 
(54,5%)

33 
(19,8%)

78 
(46,7%)

61 
(36,5%)

28 
(16,7%)

70 
(41,9%)

75 
(44,9%) 

22 
(13,1%) 

Positive 
surgical 
margin 

Yes 13 
(26%)

28 
(56%)

9 
(18%)

9 
(18%)

27 
(54%)

14 
(28%)

7 
(14%)

29 
(58%) 

14 
(28%) 

No 32 
(25,1%)

67 
(52,7%)

28 
(22%)

70 
(55,1%)

39 
(30,7%)

18 
(14,1%)

64 
(50,3%)

49 
(38,5%) 

14 
(11%) 

Biochemical 
recurrence 

Yes 13 
(20%)

34 
(52,3%)

18 
(27,6%)

15 
(23%)

30 
(46,1%)

20 
(30,7%)

14 
(21,5%)

33 
(50,7%) 

18 
(27,6%) 

No 32 
(28,5%)

61 
(54,4%)

19 
(16,9%)

64 
(57,1%)

36 
(32,1%)

12 
(10,7%)

57 
(50,8%)

45 
(41,1%) 

10 
(8,9%) 

Local 
recurrence 

Yes 4 
(20%)

10 
(50%)

6 
(30%)

5 
(25%)

9 
(45%)

6 
(30%)

5 
(25%)

7 
(35%) 

8 
(40%) 

No 41 
(26,1%)

85 
(54,1%)

31 
(19,7%)

74 
(47,1%)

57 
(36,3%)

26 
(16,5%)

66 
(42%)

71 
(45,2%) 

20 
(12,7%) 

Death 
Yes 1 

(6,6%)
6 

(40%)
8 

(53,3%)
1 

(6,6%)
10 

(66,6%)
4 

(26,6%)
0 

(0%) 
9 

(60%) 
6 

(40%) 

No 44 
(27,1%)

89 
(54,9%)

29 
(17,9%)

78 
(48,1%)

56 
(34,5%)

28 
(17,2%)

71 
(43,8%)

69 
(42,5%) 

22 
(13,5%) 

Table 3. Characteristics of patients in groups of BMI, PSA concentration and PSA mass. 

In order to evaluate and compare the odds ratio of biochemical recurrence together with the 
elevated concentration and mass of the PSA, the model of logistic regression has been used. 
The model has been adjusted to Gleason score (<8 and ≥ 8) in postoperative specimen. As 
both the concentration and the PSA mass did not show normal distribution, the logarithmic 
(decimal) transformation of data has been performed. 10 patients who have been diagnosed 
with metastases in the surrounding lymph nodes have been removed from the model 
because the presence of metastases would distort the results of the observation.  
Cancer-specific survival of patients has been evaluated by means of Kaplan-Meier analysis, 
while the significance of differences between them has been evaluated by means of Gehan’s 
Wilcoxon test.  
Receiver operating characteristic (ROC) curves compared predictive variables.  
For all statistical tests the critical level of significance has been adopted at p<0,05. The 
statistical analysis has been calculated by means of StatSoft Statistica 8.0.  
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 BMI (kg/m2) PSA (ng/ml) PSA mass (µg) 

I II III I II III I II III 
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SD 6,7 5,9 6 5,7 6,9 5,5 5,8 6,5 6 

range 50-76 48-74 49-71 49-74 48-76 52-72 49-74 48-76 52-72 

BMI (kg/m2) 

mean 23,4 27,4 32,6 27,1 28 27,4 26,9 27,8 28,2 

SD 1,4 1,3 2,3 2,9 4 3,3 2,9 3,6 4 
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40,3 
20-
37,5 

17,9-
40,3 
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35 

20-
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17,9-
40,3 

22,1-
38 
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volume (liters) 

mean 3,1 3,2 3,45 3,2 3,3 3,2 3,2 3,2 3,2 

SD 0,13 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 

range 2,9-3,4 2,8-3,9 2,9-4,1 2,7-3,7 2,8-4,1 2,9-3,7 2,7-3,7 2,8-4,1 2,9-3,9 
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concentration 
(ng/ml) 

mean 12,8 14,1 14,2 6,4 14,2 31,3 6,1 14,1 32,6 

SD 8,9 11,9 7,7 1,9 2,8 11,6 1,7 3,5 11,9 

range 2,8-
51,8 

1,8-
61,7 

4,2- 
43,4 1,8-9,8 10-

19,8 
20,4-
61,7 1,8-9,6 9-21,8 18-

61,7 

Gleason score median 5 6 6 5 6 6 5 6 6 

PSA mass (µg) 

mean 56,6 46,2 48,9 20,8 47 101,1 19,7 46,2 106,7 

SD 27,4 39 25,1 6,37 10,3 37,1 5,6 11,3 36,5 

range 31,9-
156,6

6,5-
196,6

13,7-
129,5

6,5-
32,7 

30,3-
71 

64,2-
196,6

6,5-
29,8 

30,3-
69,6 

70,7-
196,6 

Table 2. Characteristics of patients in groups of BMI, PSA concentration and PSA mass. 

All constant variables distributions were analyzed with regard to normality by means of 
Kolmogorov-Smirnov and Lilliefors tests. By means of descriptive statistics the following 
characteristics have been determined: mean or median, standard deviation as well as 
maximal and minimal value. 
In order to determine differences between the groups, where variables are of categorical 
character, Chi-square test has been used. In order to determine differences between a 
number of independent groups, where continuous variables have distribution other than 
normal, Kruskal-Wallis test has been used.  
In order to eliminate the influence of factors disrupting the correlation between BMI and 
PSA concentration, such as: age, the extent of prostate cancer differentiation in Gleason 
score, extracapsular extension (pT3) or positive surgical margins, multiple regression has 
been used to create a model which would describe the aforesaid relationship. The 
aforementioned disrupting factors have been incorporated into the model.  
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BMI (kg/m2) PSA concentration 

(ng/ml) PSA mass (µg) 

I II III I II III I II III 

pT3 
Yes 12 

(18,1%)
33 

(50%)
21 

(31,9%)
14 

(21,2%)
32 

(48,5%)
20 

(30,3%)
13 

(19,6%)
34 

(51,5%) 
19 

(28,7%) 

No 33 
(29,7%)

62 
(55,8%)

16 
(14,5%)

65 
(58,5%)

34 
(30,6%)

12 
(10,9%)

58 
(52,2%)

44 
(39,6%) 

9 
(8,1%) 

Positive 
lymph nodes 

Yes 2 
(20%)

4 
(40%)

4 
(40%)

1 
(10%)

5 
(50%)

4 
(40%)

1 
(10%)

3 
(30%) 

6 
(60%) 

No 43 
(25,7%)

91 
(54,5%)

33 
(19,8%)

78 
(46,7%)

61 
(36,5%)

28 
(16,7%)

70 
(41,9%)

75 
(44,9%) 

22 
(13,1%) 

Positive 
surgical 
margin 

Yes 13 
(26%)

28 
(56%)

9 
(18%)

9 
(18%)

27 
(54%)

14 
(28%)

7 
(14%)

29 
(58%) 

14 
(28%) 

No 32 
(25,1%)

67 
(52,7%)

28 
(22%)

70 
(55,1%)

39 
(30,7%)

18 
(14,1%)

64 
(50,3%)

49 
(38,5%) 

14 
(11%) 

Biochemical 
recurrence 

Yes 13 
(20%)

34 
(52,3%)

18 
(27,6%)

15 
(23%)

30 
(46,1%)

20 
(30,7%)

14 
(21,5%)

33 
(50,7%) 

18 
(27,6%) 

No 32 
(28,5%)

61 
(54,4%)

19 
(16,9%)

64 
(57,1%)

36 
(32,1%)

12 
(10,7%)

57 
(50,8%)

45 
(41,1%) 

10 
(8,9%) 

Local 
recurrence 

Yes 4 
(20%)

10 
(50%)

6 
(30%)

5 
(25%)

9 
(45%)

6 
(30%)

5 
(25%)

7 
(35%) 

8 
(40%) 

No 41 
(26,1%)

85 
(54,1%)

31 
(19,7%)

74 
(47,1%)

57 
(36,3%)

26 
(16,5%)

66 
(42%)

71 
(45,2%) 

20 
(12,7%) 

Death 
Yes 1 

(6,6%)
6 

(40%)
8 

(53,3%)
1 

(6,6%)
10 

(66,6%)
4 

(26,6%)
0 

(0%) 
9 

(60%) 
6 

(40%) 

No 44 
(27,1%)

89 
(54,9%)

29 
(17,9%)

78 
(48,1%)

56 
(34,5%)

28 
(17,2%)

71 
(43,8%)

69 
(42,5%) 

22 
(13,5%) 

Table 3. Characteristics of patients in groups of BMI, PSA concentration and PSA mass. 

In order to evaluate and compare the odds ratio of biochemical recurrence together with the 
elevated concentration and mass of the PSA, the model of logistic regression has been used. 
The model has been adjusted to Gleason score (<8 and ≥ 8) in postoperative specimen. As 
both the concentration and the PSA mass did not show normal distribution, the logarithmic 
(decimal) transformation of data has been performed. 10 patients who have been diagnosed 
with metastases in the surrounding lymph nodes have been removed from the model 
because the presence of metastases would distort the results of the observation.  
Cancer-specific survival of patients has been evaluated by means of Kaplan-Meier analysis, 
while the significance of differences between them has been evaluated by means of Gehan’s 
Wilcoxon test.  
Receiver operating characteristic (ROC) curves compared predictive variables.  
For all statistical tests the critical level of significance has been adopted at p<0,05. The 
statistical analysis has been calculated by means of StatSoft Statistica 8.0.  



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

28

9.2 Results 
The values PSA mass in the research has a statistically significant influence on extracapsular 
extension (p<0,001), the presence of metastases in the surrounding lymph nodes (p<0,001), 
the frequency of positive surgical margins (p<0,001), the presence of biochemical (p<0001) 
and local recurrence (p<0,001) and the rate of death (p<0,001). 
The research has shown that BMI does not influence preoperative PSA concentration and 
PSA mass (Fig.1 and 2). Differences in preoperative PSA concentration between the 3 groups 
of patients are statistically insignificant (p = 0,28). The total plasma volume is higher in 
obese patients (p<0,001).  
 

 
Fig. 1. Comparison of preoperative PSA concentration (ng/ml) in BMI groups. 
 

 
Fig. 2. Comparison of preoperative PSA mass in BMI groups. 
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The model of multiple regression has proved the lack of statistically significant correlation 
between preoperative PSA concentration and BMI (p = 0,99). The research has proved that 
the elevated preoperative value of PSA mass (p = 0,02) is the factor which influences the 
cancer-specific survival of patients with prostate cancer after RP (Fig.3). 
 

 
Fig. 3. Comparison of overall survival time (days) in patients with prostate cancer 
depending on the PSA mass. 
 

 
Fig. 4. Three-dimensional model of logistic regression with two independent variables 
(Gleason score and decimal logarithm from the value of PSA mass) and dependent 
dychotomic variable (biochemical recurrence). 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

28

9.2 Results 
The values PSA mass in the research has a statistically significant influence on extracapsular 
extension (p<0,001), the presence of metastases in the surrounding lymph nodes (p<0,001), 
the frequency of positive surgical margins (p<0,001), the presence of biochemical (p<0001) 
and local recurrence (p<0,001) and the rate of death (p<0,001). 
The research has shown that BMI does not influence preoperative PSA concentration and 
PSA mass (Fig.1 and 2). Differences in preoperative PSA concentration between the 3 groups 
of patients are statistically insignificant (p = 0,28). The total plasma volume is higher in 
obese patients (p<0,001).  
 

 
Fig. 1. Comparison of preoperative PSA concentration (ng/ml) in BMI groups. 
 

 
Fig. 2. Comparison of preoperative PSA mass in BMI groups. 

 
The Influence of Obesity on Prostate Cancer Diagnosis and Treatment 

 

29 
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The odds ratio of biochemical recurrence, with the PSA mass increased 10 times, is equal to 
8,64 (95% CI: 2,54 – 29,3; p<0,001) (Fig. 4). The odds ratio of biochemical recurrence, with the 
PSA concentration increased 10 times, is equal to 7,66 (95% CI: 2,25 – 26; p<0,001).  
ROC curves for preoperative PSA mass and PSA concentration showed an area under curve 
(AUC) of 0,72 and 0,65 respectively for biochemical recurrence after RP (Fig. 5). The 
difference between these two predictors (AUC) was statistically significant (p=0,04). 
 

 
Fig. 5. ROC curves for PSA mass as a preoperative predictor of biochemical recurrence after 
RP (Area Under Curve - 0,72).  

9.3 Discussion 
There are various theories concerning the influence of obesity on the natural development, 
diagnostics or progression after radical treatment of prostate cancer. The 5 times increased 
percentage of biochemical recurrence observed in Afro-Americans, compared to Euro-
Americans, is sometimes explained by 3 times more frequent presence of overweight or 
obesity among the former (Spangler et al., 2007).  
Its influence is definitely negative, including the following: 
1. difficulties in per rectum examination in obese patients (Bray, 2006), 
2. dishormonose (Hsing et al., 2002; Kaaks et al., 2000) – abnormal hormone 

concentrations, which induces the intensification of diagnostics and at the same time 
postpones proper treatment, 

3. comorbidities, which pushes the prostate diagnostics into the background and 
consequently patients suffer from more advanced forms of prostate cancer  
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Some authors suggest another factor, namely, lower PSA concentration in obese patients 
(Baillargeon et al., 2005). The consequence of the aforesaid correlation may impact on 
prostate cancer diagnosis and evaluation of progression after its radical treatment. Other 
authors disclaim the abovementioned connection (Freedland et al., 2006).  
The authors who prove that obese patients are characterized by lower PSA concentration, 
refer to the phenomenon of hemodilution. The supporters of that theory claim that obesity is 
characterized by a larger amount of circulating blood, so theoretically the constant PSA 
mass circulating in the organism would be dissolved in a large amount of plasma, resulting 
in a lower PSA concentration. 
However, our research has not proved that the elevated BMI has a significant influence on 
the preoperative PSA concentration. In order to explain the inconsistency we will call upon 
racial differences between the analyzed groups. The following research has been done on a 
group of patients of Caucasian race, while the aforesaid research has been frequently based 
on ethnically heterogeneous groups. The cause of differences between the outcomes can 
result from the polymorphism of the androgen receptor which causes higher PSA 
concentration in Afro-Americans, as well as statistically significant bigger obesity of this 
group (Xu et al., 2002). The influence of ethnical differences can, of course, be dismissed by 
appropriate statistical manipulations, nevertheless, it seems that research done on 
homogenous groups is characterized by greater statistical power.  
In order to exclude the potential influence of hemodilution on the PSA concentration, the 
PSA mass in each patient has been calculated. Thanks to mathematical formulas used to 
estimate the total amount of circulating blood, its amount can be quite precisely determined. 
It has to be underlined that the phenomenon of hemodilution in obese patients had no 
statistically significant influence on PSA concentration. Also, having excluded other factors 
influencing PSA concentration, such as: cancer differentiation in Gleason score, the 
extracapsular extension (pT3), positive surgical margins or the patient’s age, no significant 
correlation between BMI and the preoperative PSA concentration has been found.  
However, comparing both parameters (PSA concentration and the PSA mass) it has to be 
stressed that the probability of biochemical recurrence after RP is better predicted by PSA 
mass, which surely results from the fact that the PSA mass includes the element eliminating 
the phenomenon of hemodilution. Despite the fact that both preoperative parameters 
“equally well” evaluate the progression after RP, the PSA mass seems to be a little more 
sensitive parameter (which is indicated by the difference in the odds ratio and AUC). 

9.4 Conclusions 
1. Increased preoperative value of the PSA mass is connected with: 

a. more frequent cancer diagnosis of pT3 prostate cancer, 
b. more frequent diagnosis of metastases in the surrounding lymph nodes, 
c. more frequent recognition of the positive surgical margin, 
d. shorter cancer-specific survival time, 
e. higher percentage of progression. 

2. The preoperative PSA mass is a better predictor of biochemical recurrence after RP than 
PSA concentration. 

3. The total plasma volume is higher in obese patients, however, it does not influence the 
preoperative PSA concentration significantly. 
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obesity among the former (Spangler et al., 2007).  
Its influence is definitely negative, including the following: 
1. difficulties in per rectum examination in obese patients (Bray, 2006), 
2. dishormonose (Hsing et al., 2002; Kaaks et al., 2000) – abnormal hormone 

concentrations, which induces the intensification of diagnostics and at the same time 
postpones proper treatment, 

3. comorbidities, which pushes the prostate diagnostics into the background and 
consequently patients suffer from more advanced forms of prostate cancer  
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Some authors suggest another factor, namely, lower PSA concentration in obese patients 
(Baillargeon et al., 2005). The consequence of the aforesaid correlation may impact on 
prostate cancer diagnosis and evaluation of progression after its radical treatment. Other 
authors disclaim the abovementioned connection (Freedland et al., 2006).  
The authors who prove that obese patients are characterized by lower PSA concentration, 
refer to the phenomenon of hemodilution. The supporters of that theory claim that obesity is 
characterized by a larger amount of circulating blood, so theoretically the constant PSA 
mass circulating in the organism would be dissolved in a large amount of plasma, resulting 
in a lower PSA concentration. 
However, our research has not proved that the elevated BMI has a significant influence on 
the preoperative PSA concentration. In order to explain the inconsistency we will call upon 
racial differences between the analyzed groups. The following research has been done on a 
group of patients of Caucasian race, while the aforesaid research has been frequently based 
on ethnically heterogeneous groups. The cause of differences between the outcomes can 
result from the polymorphism of the androgen receptor which causes higher PSA 
concentration in Afro-Americans, as well as statistically significant bigger obesity of this 
group (Xu et al., 2002). The influence of ethnical differences can, of course, be dismissed by 
appropriate statistical manipulations, nevertheless, it seems that research done on 
homogenous groups is characterized by greater statistical power.  
In order to exclude the potential influence of hemodilution on the PSA concentration, the 
PSA mass in each patient has been calculated. Thanks to mathematical formulas used to 
estimate the total amount of circulating blood, its amount can be quite precisely determined. 
It has to be underlined that the phenomenon of hemodilution in obese patients had no 
statistically significant influence on PSA concentration. Also, having excluded other factors 
influencing PSA concentration, such as: cancer differentiation in Gleason score, the 
extracapsular extension (pT3), positive surgical margins or the patient’s age, no significant 
correlation between BMI and the preoperative PSA concentration has been found.  
However, comparing both parameters (PSA concentration and the PSA mass) it has to be 
stressed that the probability of biochemical recurrence after RP is better predicted by PSA 
mass, which surely results from the fact that the PSA mass includes the element eliminating 
the phenomenon of hemodilution. Despite the fact that both preoperative parameters 
“equally well” evaluate the progression after RP, the PSA mass seems to be a little more 
sensitive parameter (which is indicated by the difference in the odds ratio and AUC). 

9.4 Conclusions 
1. Increased preoperative value of the PSA mass is connected with: 

a. more frequent cancer diagnosis of pT3 prostate cancer, 
b. more frequent diagnosis of metastases in the surrounding lymph nodes, 
c. more frequent recognition of the positive surgical margin, 
d. shorter cancer-specific survival time, 
e. higher percentage of progression. 

2. The preoperative PSA mass is a better predictor of biochemical recurrence after RP than 
PSA concentration. 

3. The total plasma volume is higher in obese patients, however, it does not influence the 
preoperative PSA concentration significantly. 
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1. Introduction 
In this chapter, we intend to familiarize readers with the complex scope of the experience of 
being a man with prostate cancer in current societies and dealing with scientific and popular 
health knowledge related to prostate cancer. We discuss issues of taking care of one’s male 
body, being an older learner learning while facing a chronic degenerative disease, as well as 
the questions that social and health care professionals may encounter from men in 
providing meaningful health care. The provision of health care to men seems controversial, 
due to the lack of national policies on men’s health in most countries as well as scarcity of 
men’s health promotion programs in multicultural societies.  
This chapter presents a brief overview of the state of knowledge about masculinities and 
gender, health literacy, and age – all major social determinants of health for men. The 
authors of each section present scientific knowledge produced in their qualitative research 
to contextualize other scholars’ ideas and arguments. At the end of each section are clinical 
vignettes and reflection questions related to the contents of each section.  

2. Men, masculinities, health and prostate cancer: Complex technology, body 
control, and decision making 
In this section we address the issue of control that may coexist with other needs facing men, 
from prostate cancer detection through rehabilitation. Being in control relates to both the 
social enactments of masculinities and to how men understand current trends in health and 
technology. Control has been discussed as an important signifier of virility in different 
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cultural contexts (Almeida, 1996; Bourdieu, 2001) and as a factor in men’s perception of their 
bodies and assessment of the emotional and physiological care they receive. For men, losing 
control is seen as a negative experience, which may lead to negative experiences of 
preventative methods or care (Courtenay, 2000). Control is also a powerful metaphor for 
how current medicine, through increasingly technological interventions in the body, is being 
shaped by technoscience (Clarke et al., 2003; Steinberg, 1997). This “virile” [our emphasis] 
biomedical agenda should be tempered by attention to what some call “subjective 
variables,” which we call “social or cultural factors”. These factors include how men 
experience different types of masculinities and how these experiences and values inform 
men's attitudes toward health (Zanchetta et al., 2010). Social/cultural factors are relevant to 
every aspect of health and disease, and taking them into account will open professionals’ 
perception to the complexity and richness of gender–related experiences of health practices. 

2.1 Control in men’s studies 
The issue of control in the context of men’s health is rooted in the upsurge of so-called men’s 
studies in international academic literature, an upsurge that followed debates about gender 
in what is now known as the second wave of feminism (Butler, 1990; Scott, 1989). Men’s 
studies tried to consider seriously the feminist claim that gender was not only about women, 
but should involve a close analysis of the relationships between genders. In addition, power 
relations emerged as a concomitant issue in debates about control. Such relations were not 
only analyzed in terms of how men relate to women, but also how men relate among 
themselves, and any claims that biology determined gender practices and power relations 
were to be vigorously denied. Gender was to be seen as socially constructed, not necessarily 
derivative of one’s biological make-up. Men’s studies scholars believed gender relationships 
are pervasive in our understanding of the world and that, therefore, our practices are deeply 
influenced by gendered understandings (Courtenay, 2000; Monteiro, 2000, 2001). 
Studies of masculinities or men’s studies became an important, separate subfield in the 
early 1980s and 1990s, especially in North America, Western Europe, and Australia 
(Carrigan et al., 1985; Cornwall & Lindisfarne, 1994; Gilmore, 1990; Kimmel, 1987). 
Masculinity was then increasingly incorporated into critical discourse on gender and 
power, instead of being an unquestioned universal category within discourse, culture, 
and politics (Monteiro, 2000). Authors began to discuss the unequal distribution of power 
between men and women, and among men themselves. The idea of hegemonic 
masculinities (Connell, 1995) became central to studies of masculinities, for example, 
because it enabled both deconstruction of masculinity as a uniform category that could be 
applied to all men and a discussion of power inequalities that affected men. Without 
construing men as merely victims of social expectations, these discussions opened up talk 
about plural masculinities in the study of men.  

2.2 Masculinity, health, and prostate cancer 
When discussing diversity among men, it then became important to address the challenges 
involved in becoming a man. Different masculinities are not purely biological or self-
evident; they emerge in a process that is at the same time social, cultural, historical, etc. With 
the process of becoming a man seen as a process of men incorporating certain expectations, 
social roles, and practices (Bourdieu, 1997, 2001), masculinities can then be seen as also 
problematic, complex, and sometimes burdensome to men and their health. When men are 
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viewed as a diverse group, with some men having better access to social prestige and power 
than other men and women, dynamics of gender and gender inequality become clearer and 
richer. Also, viewing men as diverse enables exploration of links between gender dynamics 
and health, a research agenda in progress.  
Researchers pursuing this agenda has begun to explore the close relationships between 
masculinities and health (Courtenay, 2000), in the sense that gender perceptions and 
gender-related differences aid in explaining differences in health risks, and how health 
practices play a role in gender differences. Taking care of oneself, for example, might be 
considered effeminate in some contexts, leading to higher incidence of easily preventable 
diseases. When men embody masculinities that promote risky behavior as proof of 
virility, sexual conquests or failure to use condoms may put men (and their sexual 
partners) at higher risk for sexually transmitted diseases. In the case of prostate cancer, 
both the fear of bodily fragility (before and after treatment) and a masculinity that 
discourages care may be relevant to understanding how men experience their bodies and 
diseases (Mahalik et al., 2007). 
Lohan (2007) suggests that, rather than focusing on men’s studies and concepts such as 
hegemonic masculinities, researchers should embrace critical studies on men, a research 
area more attuned to feminist critiques of gender and power relations in society, in order to 
assess which factors explain how gender and health connect. Critical studies on men not 
only incorporate culture and behavior, but contextualize discussions of men's health in a 
wider explanatory framework including psychological, biological, and other factors. This 
context can be relevant to increasingly technological health interventions that regard 
differences (such as race and gender) in different terms than traditional health interventions. 
As biological difference becomes understood in genetic terms, for example, and as health 
research incorporates these advances in genetics, researchers of men’s health will need to 
rethink how health, biology, and bodily differences are being lived in real life by men. 
Men's experiences with health and prostate cancer should not be understood in a merely 
cultural register, however. Although cultural factors, such as the idea of “men don't cry” 
[our emphasis], are very important in understanding how men experience prostate cancer 
and care (Chapple & Ziebland, 2002), embodied factors, such as side effects of surgical and 
other interventions, reduce men’s sense of their own virility (Chapple & Ziebland, 2002). 
Understanding embodied factors demands an understanding of masculinities that goes 
beyond social construction and embraces the complex interaction of many factors. 
Masculinities contradict each other, vary locally and nationally, and comprise complex 
hierarchies, for example (Connell & Messerschmidt, 2005; Wall & Kristjanson, 2005). They 
are also deeply infused with technology in varied contexts (Mellstrom, 2004).  

2.3 Control in men’s health-related experiences 
Men’s need and search for control, and attempts to be in control, suggest avenues to 
understanding the context for possible associations of cultural, embodied, and technological 
factors in men’s experiences with prostate cancer. Such complex associations, because they 
help to constitute men’s emotional and embodied experiences with disease and gender, may 
be crucial to understanding how men experience disease and recovery differently and thus 
how successful prevention and treatment can be. Control is multifaceted for men: Control 
over one’s body and its diseases; control over other men, over women, over one’s feelings, 
and over the public sphere, are some examples. As part of performing masculinities 
successfully, men generally avoid situations where they may lose control. Such situations 
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may include preventive care and other actions that may improve health or prospects for 
survival (Kimmel, 1995; Lohan, 2007). Control is also at stake in current medical 
interventions, where advances in genetics, nanotechnology and other fields potentially 
enable control over every bodily process (Channel, 1991; Hogle, 2005). Proponents of this 
”virile” [our emphasis] approach to health and disease, we argue, need to pay attention to 
the complexity of men’s lived experiences and gender differences in order to enhance the 
approach’s effectiveness. 

2.4 Control and the delivery of health care 
Control is a general trend in how health and disease are being tackled by modern, techno-
scientific medicine. The trend, called “bio-medicalization” (Clarke et al., 2003) describes how 
techno-science is becoming the dominant framework through which the concepts of health 
and the body are understood, as well as how health interventions are researched and used 
(Hogle, 2005; Lenoir, 2002a; Lenoir, 2002b). Bio-medicalization frames many health-related 
actions, from how we perceive the body visually, to the increasing use of technologies that 
make body interiors available for display and intervention (Taylor, 2005; Van Dijck, 2005), to 
ways of designing bodily interventions that are increasingly mediated by technology 
(Lenoir, 2004). This trend toward the incorporation of technology in health is increasingly 
evident as genetics becomes a dominant language to describe and understand diseases, 
including diabetes (Hedgecoe, 2002), cancer (Chung et al., 2002; Fujimura, 1996; Monteiro, 
2009), and many others (Fullwiley, 2007). Not only has prostate cancer begun to be 
reinterpreted as a genetic disease, along with cancer in general, but the search is ongoing for 
genes to classify prostate cancer, diagnose it early, and refine surgical interventions (Shen & 
Abate-Shen, 2010). As prostate cancer becomes “molecularized” (Monteiro, 2009), its 
amenability to intervention is also transforming (Monteiro, 2011). 
With a new, biomedical and techno-scientific approach to health and disease, control over 
bodily processes has been sought in ways unimaginable in the past. From increasingly 
precise interventions in the body, to the search for genes that would enable early diagnosis 
and even  modeling of future behavior (Monteiro & Keating, 2009), control is at the center of 
how health is understood and practiced today. This effort to control bodily processes 
through increasingly sophisticated technology may, however, ignore the particularities of 
gender and masculinities, as discussed above. Nonetheless, an approach to prostate cancer 
that relies increasingly on techno-science to classify, diagnose, and surgically intervene can 
offer exciting new ways to approach the disease. Improving outcomes and enabling new 
methods for treatment and diagnosis will hopefully help circumvent some of the barriers 
towards self-care present in traditional masculinities, which usually see self-care as contrary 
to an ideal of the male body as impenetrable. New genetic tests could replace existing 
methods for examining the prostate, which many men find invasive. Establishing molecular 
bio-markers for prostate cancer that could reliably establish risk for the disease, for example, 
may enable early diagnosis, early treatment, and higher survival rates. Bio-markers would 
avoid, for example, uncomfortable examinations and unreliable prostate-specific-antigen 
(PSA) tests. However, an assumption of technological progress overlooks the many pitfalls 
such technology-based treatments could face. For instance, given discussion on the 
centrality of socio-cultural factors in explaining how men relate to their bodies and to health, 
it is not certain whether men will accept the idea of knowing in advance their risks for 
cancer. They may fear of loss of control over their health or fear becoming cancer “patients 
in waiting” at an early age before any cancer symptoms appear (Rajan, 2006). Mere 
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knowledge that one carries genes that make one susceptible to cancer does not necessarily 
lead men to adopt preventive behavior. Indeed, it is clear that men avoid such behavior due 
to social expectations (Mahalik et al., 2007). Also, risks inherent in currently available 
prostate-cancer treatments are problematic for many men, in spite of any other 
considerations relating to their knowledge about preventing and monitoring cancer 
(Chapple & Ziebland, 2002). 
When powerful trends to reinterpret health and disease in terms of new technologies 
(genetic or otherwise) dominate, researchers run the risk of ignoring the rich debate over 
socio-cultural factors that affect gender and health/disease. Although new technologies 
offer wonderful prospects for diagnosis and treatment, social factors such as gender, 
behavior, and culture should not be underestimated in terms of their contributions to 
understanding health and risk behaviors. Control, an attribute of hegemonic masculinity, is 
often associated with science and technology (two very male-dominated fields in some 
respects). This traditionally Western logic should be enriched with an understanding of how 
culture, society, and history explain health, disease, and treatment. 
This debate about control, genetics, and technology is meaningful to social and health 
professionals who care for and advise men and their significant others throughout the 
prostate-cancer trajectory. Professionals should reflect on their beliefs about masculinity and 
prostate cancer, and their professional practice. Knowing that control is central to many 
men’s experiences of masculinity, professionals should take a cautionary approach when 
presenting decision aids and discussing options about which they ask men to make 
immediate decisions. Caution is recommended mainly when men make decisions without 
professional guidance, because men may postpone reflection in favor of taking immediate 
action, thereby trying to demonstrate autonomy and willingness to decide. Men have been 
highly influenced by medicalization of erectile dysfunction in advertising for sexual-
performance-enhancing drugs, advertising that focuses on the social importance of erections 
to virility. Therefore, professionals need to expand their understanding of the values and 
meaning that men attribute to diseases that threaten their sense of masculinity, and 
therefore their sexual and emotional health.  

2.5 Informing professional practice 
Knowledge of multiple aspects of culture, society, and history is important to help social 
and health professionals decode behavior expected of men as engaged partners in their own 
treatment and rehabilitation. Societies are becoming more and more multicultural, giving 
men opportunities to learn new meanings of being a man, and new attitudes to men’s 
health, men’s self-care, men’s sexuality, and facts and myths related to prostate cancer 
(Zanchetta et al., 2010). For professionals, it is difficult to gather scientific evidence on men’s 
behaviors, due to men’s resistance to participating in clinical and behavioral studies 
(Deslauriers & Deslauriers, 2010). Again, gender-related discourse and perceived lack of 
control over data-collection encounters may affect men’s participation in studies. To 
counteract resistance, researchers recommend allowing men to feel in control of their 
disclosure of personal information, such as feelings, fears, disagreeable symptoms, 
threatening thoughts, and awareness of uncertainties (Deslauriers & Deslauriers, 2010). Such 
research fieldwork strategies may also be helpful for assessment and follow-up interviews 
in clinical contexts, where professionals can use a conversational style with men, instead of a 
professional authoritative style of asking direct and probing questions. Despite a culturally 
and socially constructed trend of men being attracted to technology (Lerman et al., 2003; 
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may include preventive care and other actions that may improve health or prospects for 
survival (Kimmel, 1995; Lohan, 2007). Control is also at stake in current medical 
interventions, where advances in genetics, nanotechnology and other fields potentially 
enable control over every bodily process (Channel, 1991; Hogle, 2005). Proponents of this 
”virile” [our emphasis] approach to health and disease, we argue, need to pay attention to 
the complexity of men’s lived experiences and gender differences in order to enhance the 
approach’s effectiveness. 
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scientific medicine. The trend, called “bio-medicalization” (Clarke et al., 2003) describes how 
techno-science is becoming the dominant framework through which the concepts of health 
and the body are understood, as well as how health interventions are researched and used 
(Hogle, 2005; Lenoir, 2002a; Lenoir, 2002b). Bio-medicalization frames many health-related 
actions, from how we perceive the body visually, to the increasing use of technologies that 
make body interiors available for display and intervention (Taylor, 2005; Van Dijck, 2005), to 
ways of designing bodily interventions that are increasingly mediated by technology 
(Lenoir, 2004). This trend toward the incorporation of technology in health is increasingly 
evident as genetics becomes a dominant language to describe and understand diseases, 
including diabetes (Hedgecoe, 2002), cancer (Chung et al., 2002; Fujimura, 1996; Monteiro, 
2009), and many others (Fullwiley, 2007). Not only has prostate cancer begun to be 
reinterpreted as a genetic disease, along with cancer in general, but the search is ongoing for 
genes to classify prostate cancer, diagnose it early, and refine surgical interventions (Shen & 
Abate-Shen, 2010). As prostate cancer becomes “molecularized” (Monteiro, 2009), its 
amenability to intervention is also transforming (Monteiro, 2011). 
With a new, biomedical and techno-scientific approach to health and disease, control over 
bodily processes has been sought in ways unimaginable in the past. From increasingly 
precise interventions in the body, to the search for genes that would enable early diagnosis 
and even  modeling of future behavior (Monteiro & Keating, 2009), control is at the center of 
how health is understood and practiced today. This effort to control bodily processes 
through increasingly sophisticated technology may, however, ignore the particularities of 
gender and masculinities, as discussed above. Nonetheless, an approach to prostate cancer 
that relies increasingly on techno-science to classify, diagnose, and surgically intervene can 
offer exciting new ways to approach the disease. Improving outcomes and enabling new 
methods for treatment and diagnosis will hopefully help circumvent some of the barriers 
towards self-care present in traditional masculinities, which usually see self-care as contrary 
to an ideal of the male body as impenetrable. New genetic tests could replace existing 
methods for examining the prostate, which many men find invasive. Establishing molecular 
bio-markers for prostate cancer that could reliably establish risk for the disease, for example, 
may enable early diagnosis, early treatment, and higher survival rates. Bio-markers would 
avoid, for example, uncomfortable examinations and unreliable prostate-specific-antigen 
(PSA) tests. However, an assumption of technological progress overlooks the many pitfalls 
such technology-based treatments could face. For instance, given discussion on the 
centrality of socio-cultural factors in explaining how men relate to their bodies and to health, 
it is not certain whether men will accept the idea of knowing in advance their risks for 
cancer. They may fear of loss of control over their health or fear becoming cancer “patients 
in waiting” at an early age before any cancer symptoms appear (Rajan, 2006). Mere 
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knowledge that one carries genes that make one susceptible to cancer does not necessarily 
lead men to adopt preventive behavior. Indeed, it is clear that men avoid such behavior due 
to social expectations (Mahalik et al., 2007). Also, risks inherent in currently available 
prostate-cancer treatments are problematic for many men, in spite of any other 
considerations relating to their knowledge about preventing and monitoring cancer 
(Chapple & Ziebland, 2002). 
When powerful trends to reinterpret health and disease in terms of new technologies 
(genetic or otherwise) dominate, researchers run the risk of ignoring the rich debate over 
socio-cultural factors that affect gender and health/disease. Although new technologies 
offer wonderful prospects for diagnosis and treatment, social factors such as gender, 
behavior, and culture should not be underestimated in terms of their contributions to 
understanding health and risk behaviors. Control, an attribute of hegemonic masculinity, is 
often associated with science and technology (two very male-dominated fields in some 
respects). This traditionally Western logic should be enriched with an understanding of how 
culture, society, and history explain health, disease, and treatment. 
This debate about control, genetics, and technology is meaningful to social and health 
professionals who care for and advise men and their significant others throughout the 
prostate-cancer trajectory. Professionals should reflect on their beliefs about masculinity and 
prostate cancer, and their professional practice. Knowing that control is central to many 
men’s experiences of masculinity, professionals should take a cautionary approach when 
presenting decision aids and discussing options about which they ask men to make 
immediate decisions. Caution is recommended mainly when men make decisions without 
professional guidance, because men may postpone reflection in favor of taking immediate 
action, thereby trying to demonstrate autonomy and willingness to decide. Men have been 
highly influenced by medicalization of erectile dysfunction in advertising for sexual-
performance-enhancing drugs, advertising that focuses on the social importance of erections 
to virility. Therefore, professionals need to expand their understanding of the values and 
meaning that men attribute to diseases that threaten their sense of masculinity, and 
therefore their sexual and emotional health.  

2.5 Informing professional practice 
Knowledge of multiple aspects of culture, society, and history is important to help social 
and health professionals decode behavior expected of men as engaged partners in their own 
treatment and rehabilitation. Societies are becoming more and more multicultural, giving 
men opportunities to learn new meanings of being a man, and new attitudes to men’s 
health, men’s self-care, men’s sexuality, and facts and myths related to prostate cancer 
(Zanchetta et al., 2010). For professionals, it is difficult to gather scientific evidence on men’s 
behaviors, due to men’s resistance to participating in clinical and behavioral studies 
(Deslauriers & Deslauriers, 2010). Again, gender-related discourse and perceived lack of 
control over data-collection encounters may affect men’s participation in studies. To 
counteract resistance, researchers recommend allowing men to feel in control of their 
disclosure of personal information, such as feelings, fears, disagreeable symptoms, 
threatening thoughts, and awareness of uncertainties (Deslauriers & Deslauriers, 2010). Such 
research fieldwork strategies may also be helpful for assessment and follow-up interviews 
in clinical contexts, where professionals can use a conversational style with men, instead of a 
professional authoritative style of asking direct and probing questions. Despite a culturally 
and socially constructed trend of men being attracted to technology (Lerman et al., 2003; 
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Mellstrom, 2004) and technological advances in prostate-cancer-risk identification, early 
detection, treatment, and rehabilitation, men still perceive that technological interventions 
reduce their capacity to control the responses of their bodies and emotions to such 
interventions (Chapple & Ziebland, 2002).  
Widespread public access to prostate cancer information in popular and scientific media has 
uncovered current discourse surrounding uncertainty about prostate cancer among 
researchers and health care professionals. Certainly, men are less likely to trust the health 
care system’s assurance that current technologies are helpful and to rely on information 
from health care professionals in their decision making. Regardless of men’s personal level 
of education and health literacy, they should be supported in enhancing their ability to 
perceive and differentiate levels of risk when making informed decisions about treatments. 
Gender-related experiences are, again, important to consider in the clinical context, because 
men’s health experiences tend not to be solitary. Men’s experiences are, instead, influenced 
by the roles of women (mothers, wives, partners, daughters, nieces, aunts, etc.) and other 
caring figures (fathers, same-sex partners, coaches, etc.) in their lives. Together, caring 
figures influence men’s decisions to seek medical help, adhere to treatments, and most 
important, transcend the limitations and changes imposed by prostate cancer. Such a 
collective view of men’s health experiences challenges current organizational policies 
requiring that personal information remain private and neglects the social and cultural fact 
that men are human beings, who (in less publicly demonstrative ways than women) are 
influenced by intimate others in seeking health and well being (Zanchetta et al., 2010).  

2.6 Reflecting on control in men’s experiences with prostate cancer screening 
Below are some true stories with fictitious names as clinical vignettes and reflection 
questions to help readers identify control as a key concept in men’s experience of prostate 
cancer and reflect on how control plays out in clinical practice. No answers are provided, 
because we want to stimulate readers’ recall of their own experience so that they can 
construct appropriate answers to the reflection questions.  

2.6.1 Clinical vignettes 
 John, a 56-year-old accountant, was urged by his wife to get screened for prostate 

cancer. After months of postponing his decision, he agrees to make an appointment 
for an annual physical. During the history taking, he tells the doctor that he feels fine 
and does not understand why he should have a physical. John says, “If it isn’t broken, 
why fix it?” 

 Charles, a 50-year-old engineer, comes to the clinic for his annual physical and 
discusses prostate screening with his family doctor. They discuss the merits of DRE 
versus PSA testing. His doctor explains both screening tests. Charles is reluctant to 
have a DRE test, given the invasive nature of the procedure. In spite of the 
information his doctor provides about the limited sensitivity and specificity of the 
PSA test, Charles decided to have the PSA test done, because he believes that it will 
be less invasive than the DRE test. 

 Silvio, a 50-year-old computer designer, is a newcomer to Canada who speaks and 
understands English at an intermediate level. After arriving, he looked for a family 
doctor to monitor a recurrent inflammation in his prostate as well as have his annual 
PSA test. Due to pain and urinary troubles, the doctor ordered an abdominal 
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ultrasound. Silvio remembers that he barely understood his doctor`s explanations about 
the ultrasound. He had it in a hospital without any problems but is worried about the 
presence of blood in his urine for the last 5 days, which he does not understand. He 
believes that the doctor “saw something” during the ultrasound. He feels lost, with no 
clues about his situation and really wants to do something about that. Unfortunately, he 
must wait three to four weeks for a follow-up medical consultation. 

2.6.2 Questions 
 Why is control important when it comes to men’s health? 
 What strategies could health care professionals consider that might promote men's 

empowerment as active participants in planning preventative health actions for 
prostate cancer and its treatment? 

 What barriers might contribute to men feeling a loss of control over early detection of 
prostate cancer?   

3. A contemporary view of educating elders for health: Insights for 
educational practice in clinical and community settings 
This section focuses on the relationship between older people and health education, as it 
relates to men with prostate cancer. Men’s knowledge and understanding of learning about 
health, both in a biomedical and socio-cultural sense, is essential during the prostate cancer 
trajectory. Davis et al. (2008) discuss the importance for health care professionals of 
recognizing factors that contribute to elder’s low health literacy, which may be increasing. 
Health literacy is a central to successful communication between health care professionals 
and elderly patients. It is not only essential for elderly patients to be equipped with 
appropriate knowledge of the disease process so as to be actively involved in their care, but 
health education must support patients to become more autonomous. Education for 
empowerment, as pioneered by Paulo Freire, requires a health education process centered in 
dialog between educators and learners (Wallerstein & Bernstein, 1988). Educating today’s 
older people about cancer requires new educational strategies, particularly new education 
technologies that simplify complex cancer information and facilitate learning. Older people 
are active users of computers and the internet; misconceptions to the contrary must not 
shape health care professionals’ beliefs about older people’s ability to learn about their 
health (Alpay et al., 2004).  

3.1 Older patients’ acquisition of formative learning 
A discussion involving knowledge and learning implies talking about ”alphabetization” 
and literacy, or even about various literacy levels and literacy backgrounds. Traditionally, 
literacy was defined in general terms but, currently, we tend to differentiate among a 
range of literacy concepts. The new term “alphabetization” belongs to the old literacy 
paradigm in which we assessed individuals in terms of their ability to read, write, and use 
numbers. The goal was to rank individuals according to their literacy level, what we now 
call the “degree of alphabetization.” Today, some literacy researchers work within a new 
literacy paradigm: as a social practice reflecting the literacy background of the person 
(Barton et al., 1998, 2000). Kaszap and Clerc (2008) clarify both alphabetization and 
literacy concepts and suggest how to use them.   
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Mellstrom, 2004) and technological advances in prostate-cancer-risk identification, early 
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interventions (Chapple & Ziebland, 2002).  
Widespread public access to prostate cancer information in popular and scientific media has 
uncovered current discourse surrounding uncertainty about prostate cancer among 
researchers and health care professionals. Certainly, men are less likely to trust the health 
care system’s assurance that current technologies are helpful and to rely on information 
from health care professionals in their decision making. Regardless of men’s personal level 
of education and health literacy, they should be supported in enhancing their ability to 
perceive and differentiate levels of risk when making informed decisions about treatments. 
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men’s health experiences tend not to be solitary. Men’s experiences are, instead, influenced 
by the roles of women (mothers, wives, partners, daughters, nieces, aunts, etc.) and other 
caring figures (fathers, same-sex partners, coaches, etc.) in their lives. Together, caring 
figures influence men’s decisions to seek medical help, adhere to treatments, and most 
important, transcend the limitations and changes imposed by prostate cancer. Such a 
collective view of men’s health experiences challenges current organizational policies 
requiring that personal information remain private and neglects the social and cultural fact 
that men are human beings, who (in less publicly demonstrative ways than women) are 
influenced by intimate others in seeking health and well being (Zanchetta et al., 2010).  
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Below are some true stories with fictitious names as clinical vignettes and reflection 
questions to help readers identify control as a key concept in men’s experience of prostate 
cancer and reflect on how control plays out in clinical practice. No answers are provided, 
because we want to stimulate readers’ recall of their own experience so that they can 
construct appropriate answers to the reflection questions.  

2.6.1 Clinical vignettes 
 John, a 56-year-old accountant, was urged by his wife to get screened for prostate 

cancer. After months of postponing his decision, he agrees to make an appointment 
for an annual physical. During the history taking, he tells the doctor that he feels fine 
and does not understand why he should have a physical. John says, “If it isn’t broken, 
why fix it?” 

 Charles, a 50-year-old engineer, comes to the clinic for his annual physical and 
discusses prostate screening with his family doctor. They discuss the merits of DRE 
versus PSA testing. His doctor explains both screening tests. Charles is reluctant to 
have a DRE test, given the invasive nature of the procedure. In spite of the 
information his doctor provides about the limited sensitivity and specificity of the 
PSA test, Charles decided to have the PSA test done, because he believes that it will 
be less invasive than the DRE test. 

 Silvio, a 50-year-old computer designer, is a newcomer to Canada who speaks and 
understands English at an intermediate level. After arriving, he looked for a family 
doctor to monitor a recurrent inflammation in his prostate as well as have his annual 
PSA test. Due to pain and urinary troubles, the doctor ordered an abdominal 
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ultrasound. Silvio remembers that he barely understood his doctor`s explanations about 
the ultrasound. He had it in a hospital without any problems but is worried about the 
presence of blood in his urine for the last 5 days, which he does not understand. He 
believes that the doctor “saw something” during the ultrasound. He feels lost, with no 
clues about his situation and really wants to do something about that. Unfortunately, he 
must wait three to four weeks for a follow-up medical consultation. 

2.6.2 Questions 
 Why is control important when it comes to men’s health? 
 What strategies could health care professionals consider that might promote men's 

empowerment as active participants in planning preventative health actions for 
prostate cancer and its treatment? 

 What barriers might contribute to men feeling a loss of control over early detection of 
prostate cancer?   

3. A contemporary view of educating elders for health: Insights for 
educational practice in clinical and community settings 
This section focuses on the relationship between older people and health education, as it 
relates to men with prostate cancer. Men’s knowledge and understanding of learning about 
health, both in a biomedical and socio-cultural sense, is essential during the prostate cancer 
trajectory. Davis et al. (2008) discuss the importance for health care professionals of 
recognizing factors that contribute to elder’s low health literacy, which may be increasing. 
Health literacy is a central to successful communication between health care professionals 
and elderly patients. It is not only essential for elderly patients to be equipped with 
appropriate knowledge of the disease process so as to be actively involved in their care, but 
health education must support patients to become more autonomous. Education for 
empowerment, as pioneered by Paulo Freire, requires a health education process centered in 
dialog between educators and learners (Wallerstein & Bernstein, 1988). Educating today’s 
older people about cancer requires new educational strategies, particularly new education 
technologies that simplify complex cancer information and facilitate learning. Older people 
are active users of computers and the internet; misconceptions to the contrary must not 
shape health care professionals’ beliefs about older people’s ability to learn about their 
health (Alpay et al., 2004).  

3.1 Older patients’ acquisition of formative learning 
A discussion involving knowledge and learning implies talking about ”alphabetization” 
and literacy, or even about various literacy levels and literacy backgrounds. Traditionally, 
literacy was defined in general terms but, currently, we tend to differentiate among a 
range of literacy concepts. The new term “alphabetization” belongs to the old literacy 
paradigm in which we assessed individuals in terms of their ability to read, write, and use 
numbers. The goal was to rank individuals according to their literacy level, what we now 
call the “degree of alphabetization.” Today, some literacy researchers work within a new 
literacy paradigm: as a social practice reflecting the literacy background of the person 
(Barton et al., 1998, 2000). Kaszap and Clerc (2008) clarify both alphabetization and 
literacy concepts and suggest how to use them.   
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The degree of health alphabetization may indicate – at a specific time in one’s life – competence 
in searching for, identifying, collecting, understanding, critiquing, and interpreting health 
information. This information is used to create and communicate messages about one’s health 
status, to make choices in preventing disease, to recover or preserve health, to solve problems 
related to one’s health using language (written, oral, visual, audible, tactile, etc.) in a variety of 
contexts in day-to-day life (at the world, community, school, and individual levels). Health 
alphabetization can frequently be measured by tests, and other reporting and self-appraisal 
methods. On the other hand, the concept of health literacy comprises several assets (translation 
of Kaszap & Clerc, 2008, as cited in Kaszap & Zanchetta, 2009). First, it sums all health 
information acquired from family, school, social, cultural, and professional sources (formal 
and informal) during a continuous, gradual learning process. Second, it sums all the values, 
beliefs, fears, habits, attitudes, and behaviors that each person holds in all the aspects of life 
related to health. Third, health literacy comprises one’s specific background: (a) health culture 
and health knowledge, (b) the type of health education to which one was exposed, individual’s 
attitudes, behaviours, and feelings, values and beliefs; (c) practices in searching for health 
information, reading and decoding it, and communicating it (in oral or written form), and (d) 
using numerical information and health information to solve health problems in everyday life.  
Seen from the above-described point of view, measurement of health literacy is neither 
feasible nor possible. However, it is a state, or even a set of personal practices, that can be 
described more or less accurately. Seen this way, health literacy can be more or less broad, 
more or less adequate – or inadequate– for a situation or a context. Zanchetta (2002) 
describes the origin of men’s prostate cancer literacy as follows:  
All men reported that during childhood, school and family constituted the sources of 
available health information during the formation of their informational background on 
health matters. Health information in childhood was synonymous with consuming healthy 
food, having good hygiene, and receiving vaccinations at school. (p. 191) 
Men’s learning experiences with prostate cancer build on lifelong learning about health and 
its incorporation into daily life. Zanchetta (2002) proposes a definition of health literacy 
about prostate cancer based on survivors’ experiences:  
Older men live and deal with health information through the handling of the imprints of 
their beliefs, and representations, as well as life, learning, and illness experience. For this, a 
supportive environment is primordial to enable them to regain the sense of illness, the 
decision-making power upon one’s body and destiny, as well as to redefine the social roles 
by reconstructing partnerships with the social and informational network. (p. 294) 
The definition above shows that the construction of health literacy is multidimensional and 
involves social factors, such as life stories, cumulative experience, social learning, autonomy, 
and social interactions. Seminal studies have demonstrated a strong relationship between 
low literacy and poor health (Brown et al., 1993; Davis et al., 1991; Francis, 1991; Mayeaux et 
al., 1996; Weiss et al., 1992, 1994; Weiss & Coyne, 1997) and proposed health literacy as a 
new social determinant of health (Rootman et al., 2007; Zanchetta et al., 2011). Therefore, we 
suggest that inadequate health literacy may impede other social determinants of health, 
which in turn may worsen one’s ability to use health information in making decisions.  
Considering the above-mentioned factors, we propose a conceptual framework (Figure 1) that 
shows alphabetization as an integral part of health literacy, within the social determinants of 
health. Together with a supportive environment, health literacy may influence individuals’ 
response to particular health situations and contexts as well as their awareness of existing 
resources and ways to accessing them. Perlow (2010) reports that low health literacy has major 
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impacts on health disparities and adverse health outcomes throughout the lifespan, including 
hospitalization, chronic disease, and higher health care costs.  
 

 
Fig. 1. The health literacy conceptual framework 

With the growing elderly population in developed and developing countries, health costs 
(financial, human, material, physical, emotional, etc.) are anticipated to grow. The emerging 
worldwide movement of supporting patients to be autonomous, aware partners in health 
care is also leading education and health professionals to rethink the role of health 
educators. To promote health literacy, health educators are facing demands to renew and 
expand their toolboxes of educational aids and to adopt teaching innovations to sustain the 
mobilization of learning potential among older patients. The next section presents some 
considerations for health educators to think about.  

3.2 Strategies in health education 
Over time, health education has been done mostly in a traditional way by health 
professionals, according to health curricula. In this approach, information is given on 
disease, and treatments are explained in a “you have to” way. This approach is basically 
one-way knowledge transmission, from professionals to patients and not vice versa. 
Using this traditional approach, professionals scarcely have time to learn what health 
literacy patients already have. Patients do not have time to discuss their fears, values, and 
conceptions. The traditional approach to health education has brought with it serious 
problems. For example, recent research tells us that inadequate literacy often reveals 
misconceptions about different aspects of health, such as patient’s erroneous 
understanding of how a body change in enduring diseases, long term effects of drugs or 
other treatments (Buston & Wood, 2000; Kaszap et al., 2000, 2006), and false beliefs about 
popular treatments (e.g., magical peas or liniments) with supposedly spectacular effects 
on blood pressure (Kaszap et al., 2000). With older men, health educators should take 
such health-related misconceptions and false beliefs into account and propose new 
strategies for health education.  
Health education should not merely be transmission of information, because recipients of 
transmitted information may filter it through faulty premises; for example, 
misconceptions about bodies, health, and treatments and false beliefs about natural 
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The degree of health alphabetization may indicate – at a specific time in one’s life – competence 
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impacts on health disparities and adverse health outcomes throughout the lifespan, including 
hospitalization, chronic disease, and higher health care costs.  
 

 
Fig. 1. The health literacy conceptual framework 
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products that supposedly have miraculous effects on various diseases. Before delivering 
health information, health professionals should seek to understand the literacy 
backgrounds of older men: what they know, their beliefs, fears, habits, conceptions, and 
behaviors concerning their health, illness, medications, and treatments. Torres et al. (2008) 
reveal the importance of such exploration to understand and address the deeply rooted 
web of ideology, norms, and practices that influence health decision making and 
behavioral responses. Kruger et al. (2007) argue that professionals must ask elders 
questions about their functional and emotional health status. Health professionals should 
understand older men’s “supportive environments” (Zanchetta, 2002, p. 294), comprising 
their families and their social and information networks. Without this baseline 
information about older men, health professionals will not be able to teach them 
appropriately, to enhance their understanding of diseases and treatment, to persuade 
them to follow medication and treatment regimes, or to prepare them to choose among 
treatment options (Kaszap & Drolet, 2009).  
Transmitting information does not imply that its recipients agree with it and will 
immediately act upon it. New knowledge needs to be constructed. Knowledge construction 
means, therefore that, when new knowledge is offered, it needs to be discussed, even 
challenged, before it can be accepted and integrated in an individual’s own existing 
knowledge system. Construction of health-related knowledge requires time, but taking this 
time will save time and money in the long run: time lost in repeated explanations, time and 
money lost in preventable hospitalization and preventable health deterioration. Moon (2011) 
explains that elder experience transformative learning with success but as a process which 
takes time and need support. Knowledge construction happens within relationships 
between older individuals and health professionals when professionals explore with elders 
their health backgrounds – their values, beliefs, fears, habits, attitudes, conceptions, and 
behaviors; and when professionals respect each patient’s learning style: their individual 
ways of listening, asking questions and answering them. Knowledge construction also 
happens when explanations are meaningful (neither too technical nor childish) and use 
appropriate terminology, examples, or visual aids, such as photos and drawings. 
Concomitantly, lack of trust in relationships between health professionals and older 
individuals may jeopardize their engagement in teaching-learning initiatives, due their 
fear of disclosing personal information about their health problems (Kaszap & Drolet, 
2009). Professionals need to find out about older men’s misconceptions and false beliefs 
by asking questions about their health, illness, and treatment. By ‘misconceptions’, we 
mean erroneous explanations from erroneous understandings. By ‘false beliefs’, we mean 
beliefs based on superstitions and popular knowledge, not on scientific proof. All 
together, they are erroneous premises. These erroneous premises should be challenged 
and deconstructed prior to proposing new knowledge. Deconstructing knowledge means 
that professionals need to ask questions about an older man’s conceptions or beliefs to be 
able to understand why the older man thinks the way he does. Where did he get that 
explanation? Then professionals need to start a dialog about both sides of the argument 
and give examples and explanations based on scientific knowledge. Professionals need to 
drive the discussion in a way that older men will adopt the scientific position because, 
when older people do not properly understand their disease and the needed treatments, 
when they are not adhering with their treatments or medication, they become severely ill 
and need to be hospitalized.  
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3.3 Evolution from existing to new educational technologies 
Despite well documented challenges in educational initiatives with older learners, some 
researchers interested in promoting older learners’ health literacy are incorporating new 
technological tools into health teaching to enhance learning. Most older individuals are 
willing to learn about new technology, even to use and master it, especially if they are under 
80 years old and in good mental health (Kaszap et al., 2002; Gil-Gómez et al., 2011; Jensen et 
al., 2010; Mackert et al., 2009; Saposnik et al., 2010; Wallington, 2008). It seems to be just a 
matter of having help in learning how to use new technology and having enough time to 
understand and practice it. Kaszap et al. (2000), in a study exploring the experiences of rural 
and urban older individuals with various technologies, documented elders’ preference for 
information-gathering contexts (see Figure 2). They preferred private contexts (such as a 
visit to a professional’s office) for gathering information on personal matters and group  
 
 

 
Fig. 2. Older individuals’ views on different aspects of health learning  

contexts (among relatives and friends, even strangers) for gathering general information 
about health, illness, and treatment, because belonging to a group allows discussion, idea 
sharing, support, and maintains motivation for continuous learning. Golding (2011) reports 
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that older men in community settings learn when education is social, local, practical, 
situated, and in groups, particularly isolated men. Prins et al. (2009) argue that social 
interactions are needed to support elders, and Bergsma (2004) adds that personal and social 
change are possible through empowerment education.    
In libraries nowadays, it is common to see elders looking for information on the Web, 
writing emails, or chatting on Skype. Community initiatives to develop computer literacy 
among older learners are undoubtedly opening new avenues for learning about health, for 
both already and newly computer-literate elders. Twenty-first century elders are becoming 
more familiar with technologies such as cell phones, videos, and computers. Even 
interactive video games (Nintendo Wii and Wii balance board) have been introduced to 
older patients for curative and rehabilitation purposes (Gil-Gómez et al., 2011; Saposnik et 
al., 2010). Elders are open to, and like, new experiences in the context of playing and 
exercising in rehabilitation and homecare settings. In the news, we see older people bowling 
via Wii to improve their balance after surgery and using Wii-based yoga and light exercise 
to regain vitality after hospitalization. Technological possibilities now exist that encourage 
elders to access information and take care of themselves in a variety of contexts. Health 
educators should support them through teaching older people to make use of these new 
opportunities for learning about health, illness, and treatments. Along with face-to-face 
discussion, virtual chatting can enhance older people’s lives, despite any health conditions. 

3.4 Rethinking prostate cancer and prostate health education 
To prevent prostate cancer and deal with the disease throughout its trajectory, both prostate 
cancer information and prostate cancer literacy are important. The complexity of scientific 
knowledge make prostate cancer education with men of all ages and education levels a real 
challenge, in particular with older men having low degrees of alphabetization, whose social 
and information networks are crucial supports for decision making (Zanchetta, 2002). 
According to Kaszap and Drolet (2009),  health literacy appraisal should explore a person’s 
ability to acknowledge his/her own prior knowledge, current fears, beliefs, values, 
misconceptions, attitudes, habits, and behaviours – all of which build the foundation for 
constructing new knowledge. Innovations in clinical practice will certainly be needed to 
reveal the dynamic relationships between health knowledge, health literacy, the internet as a 
source of health information along with professional guidance (Jensen et al., 2010), 
especially for older people who are hard to reach (Macker et al., 2009), and the advantages 
of other technology used in rehabilitation and prostate cancer education. Levasseur and 
Carrier (2010) stress that rehabilitation and health literacy share goals: both see  as important 
individuals’ overall capacities for self-care, enhancing functioning, facilitating individuals’ 
participation in their own health care, client-centered care, and equity in access to services, 
for example. Inspired by Zanchetta (2002) and knowledge construction theories (Jonnaert, 
2009), education about prostate health can be expanded to include all men, regardless of 
their conceptual and experiential knowledge.  
Older individuals may actively participate in transformative learning initiatives if time and 
supportive social interactions to foster learning are available to them (Moon, 2011; Prins et 
al., 2009). Support can include helping older individuals understand how to find information 
on the internet and how to mobilize a supportive network of groups or individuals in the 
community (Wallington, 2008). Health educators should use age-specific tools and elder-
client-centered instructions to promote older people’s health literacy (Morrow et al., 2007). 
Educational materials should be prepared for specific purposes and complex information 

Renewing Perspectives on Men’s Prostate Cancer  
Literacy and Engagement Along the Disease Continuum 

 

49 

delivered in forms other than writing (Roberts & Partridge, 2011), such as story telling 
(Wilkin & Ball-Rokeach, 2006). Discussions should using common terminology and repeat 
contents taught through learner-teach-back techniques. Professionals should apply medical 
information to topics familiar to elders (Prasauskas & Spoo, 2006), for which professionals 
need to understand older patients’ literacy backgrounds. No more than four essential points 
should be provided at a time, with any written information reflecting learners’ colloquial 
language, framed by learners’ own health culture, and stating expected health behaviors 
(Prasauskas & Spoo, 2006). 
It may take time for health professionals to learn about each elder’s fears, beliefs, habits, 
behaviours, and conceptions of health before it is possible to discuss disease and their 
treatment (Orel et al., 2005). However, learning older men’s communication styles and 
literacy backgrounds will help professionals to begin talking about prostate cancer 
treatment and to gain clients’ trust, without inspiring too much fear. Health professionals 
should let older men absorb the fact that they have prostate cancer before discussing 
solutions – absorbing such information also takes time. The educational process should 
occur in several steps; otherwise it will be perceived as challenging older men’s sense of 
masculinity. Such caution in communication is particularly relevant for physicians, who are 
advised to inquire, in all consultations, about older men’s functional and emotional health 
status (Kruger et al., 2007). Finally, it is important that older men themselves examine their 
assumptions (about, for example, masculinity) before constructing new knowledge and 
accept the need to make changes in their lives; for example, they may need to change their 
food choices to supplement medical treatment of their prostate cancer (Mróz et al., 2011).  

3.5 Reflecting on men’s accounts of prostate cancer health education 
In the clinical vignettes presented below we present the experiences of some older men in 
learning about prostate cancer, including why they sought information and how 
engagement in learning helped them move toward better prostate health. 

3.5.1 Clinical vignettes 
 Claudio, a 59-year-old flooring installer, receives a diagnosis of prostate cancer. He tells 

his urologist that he has no symptoms and feels just fine. Because he feels well, he is not 
concerned about the diagnosis and decides that he will not let this diagnosis affect him 
in any way. He is not interested in discussing treatment options and decides to leave 
the physician’s office.  

 When Constantin, a 67-year-old newspaper columnist, receives the diagnosis of 
prostate cancer, he tells his oncologist that his father had prostate cancer and 
experienced serious side effects from the treatment. Constantin does not want to go 
through what his father experienced and decides refuse any and all prostate cancer 
treatment offered to him. In fact, he is so concerned about possible side effects that he 
does not even want to discuss treatment options with the oncologist.  

 When Bernardo, a 69-year-old retired parole officer, receives a diagnosis of prostate 
cancer, he is initially surprised. However, within a few days he tells his wife that he has 
gained the distinction of joining the brotherhood of prostate cancer. Bernardo is, has 
lived a full life and refuses to let the prostate cancer diagnosis define who he is. 
Bernardo has a great sense of humor and subscribes to the adage that laughter is the 
best medicine. 
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3.5.2 Questions 
 What are some principles of adult learning that can guide health professionals in 

teaching older men about prostate cancer? 
 Identify strategies that could foster learning among older men about their health and 

their bodies. 
 What teaching strategies should health professionals consider when promoting literacy 

about health and prostate cancer among older men? 

4. Information strategies and health behaviors related to levels of prostate-
cancer literacy 
In Section 3, we contextualized health literacy within the perspective of men’s experiences 
with prostate cancer. In this section, we present the results of a qualitative study with 14 
Francophone Canadian men. The study documented men’s strategies for dealing with 
prostate cancer information and their self-rated levels of health literacy (Zanchetta, 2002). 
The study demonstrated that levels of health literacy were not influenced by older men’s 
self-reported general literacy (Zanchetta et al., 2007) and that, despite differences in their 
levels of health literacy, older men reported similar strategies for dealing with prostate 
cancer information: comparison, deduction, and hypothesis formation (Zanchetta et al., 
2007). These information strategies revealed the importance of communication through 
social, intimate, and interpersonal interactions in enhancing older men’s health literacy. 

4.1 Older men’s construction of health literacy 
Older men’s health literacy is influenced by several factors, such as seeking health-related 
information  to promote and maintain health, leading to personal empowerment (World 
Health Organization, 1998), reading and numeracy skills, comprehension, and decision 
making (Oldfield & Dreher, 2010); opportunities to obtain health-related information; concepts 
of masculinity (Peerson & Saunders, 2010; Zanchetta et al., 2010); and congruency between 
health-related information and personal views of masculinity (Zanchetta, 2002).  
To guide decision making in collaboration with physicians, men with prostate cancer face 
great challenges in learning about and understanding their disease (Barry, 2010). Two of these 
uncertainties relate to prostate cancer’s trajectory and the complex information patients receive 
about their prognosis and treatment options (Nanton et al., 2009). These uncertainties 
influence men’s ability to participate in decision making about their care. In Zanchetta et al.’s 
(2007) study, men’s various information strategies allowed them to participate in making 
decisions about their complex care. Low health literacy rates are another prominent challenge. 
Low health literacy rates limit men’s understanding of prostate cancer information (Easton et 
al., 2010). Another challenge to the health literacy of men with prostate cancer is the lack of 
consensus among health care professionals about the most effective decision aids and the 
safest methods for screening and monitoring (Gwede & McDermott, 2006). Nor does 
consensus exist among health professionals on whether prostate cancer screening improves 
health outcomes (Krist et al., 2007) or what harmful consequences prostate cancer treatment 
has for men’s physical and sexual functioning (Barry, 2010). 
All of the above challenges, added to contradictions in information from health care 
professionals, contribute to men’s confusion in trying to understand scientific discourse 
about prostate cancer and the impact of treatment on men’s sexual function. Men’s goal 
for learning about prostate cancer becomes clear: They seek information they can use to 
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survive the disease, not scientific understanding of the disease process (Zanchetta et al., 
2007). Erectile dysfunction, one potential consequence of prostate cancer treatment, 
represents failed masculinity (Knight & Latini, 2009) for men who adopt traditional 
masculinities. This representation undermines their motivation to learn about prostate 
cancer and its treatment.  

4.2 A new understanding of older men’s construction of prostate cancer literacy 
Through a discourse analysis technique called “abduction in communication” (Boudon, 
1998, 1999, 2000), reasons why men with disparate levels of education (from three years of 
home schooling to doctorate) used similar information strategies were identified. Three 
analytical assumptions guided the analysis that revealed the similarity of these cognitive 
processes: (a) men’s attempts to connect general health information with prostate cancer 
information would disclose the modus operandi of becoming prostate cancer literate, (b) 
men’s key motivations for learning would determine the strategies they used to construct 
information strategies, and (c) external factors initially considered negative, non-
collaborative, and obstructive would motivate men to construct more information strategies.  
The results of the analysis are (presented in the rest of Section 4.2 and in Figure 3 to 6) 
portray how older men’s use of prostate cancer information and their discourse about 
prostate cancer was framed by ideas of space, distance, and possibility. Men’s use of 
information responded to their need to deal with notions of truth, lies, and the possibility of 
errors; plausible and non-plausible uses of information; possible and impossible decisions; 
fact and illusion, and so on. In addition, men dealt with how long they might live; whether 
they would remain in their own homes as they grew older or move to retirement homes or 
seniors’ apartments; and where they might ultimately die.  

4.2.1 Core information strategies men use to become prostate-cancer literate 
Despite differences in men’s self-reported levels of schooling and self-rated health literacy, 
with survival as an ultimate goal for learning, men looked for new informational support 
among peers, other individuals, relatives, media, and health professionals. Men mainly used 
hypothetical reasoning to decode the prostate cancer information they acquired from health 
professionals and informal sources (newspapers, television, internet, books, pamphlets, etc.). 
Men’s struggles to become prostate cancer literate included reflecting on life and death as 
well as using the cognitive processes of hypothesizing, deducting, and comparing. To do 
that, they combined prostate cancer information they gathered from medical journals and 
their physicians with information from their own illness experiences. Figure 3 presents the 
general analytical categories and shows how the interpretative poles oscillate between the 
positive and negative impacts of decoded information related to the dimensions of health, 
diagnosis of prostate cancer and illness, men’s socio-cultural identity, the external world, 
and the imprints of life and prostate cancer-related information. One of the key strategies 
men used to decode information was to compare information from different sources about 
the accuracy of medical prognoses, changes in lifestyle due to cancer, recovery expectations, 
and expected difficulties in end-of-life situations. As men felt more certain about the 
predictability of medical prognoses, some men’s attitudes changed. Although some 
remained socially isolated, others enrolled in prostate cancer support groups, became more 
committed to their own health, or to men’s collective health. Certainty also brought to older 
men a greater will to live and a peaceful acceptance of possible death from prostate cancer. 
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3.5.2 Questions 
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In the figures 3 to 6, the arrow going from bottom left to top right of each figure means the 
paradigm of understanding from a negative to a positive pole. 
 

 
Fig. 3. General analytical categories related to core information strategies  

4.2.2 Strategies for dealing with prostate cancer-related information within the 
paradigm of health literacy 
Older men also used their new prostate-cancer health literacy to create multiple possibilities 
for living with prostate cancer. They used their accumulated knowledge to transform 
previous representations about life after prostate cancer and the disease itself. From their 
contacts with other individuals in their social networks, men learned how to survive better 
and longer with prostate cancer. Particularly relevant in this transformation were 
information exchanges with other prostate cancer survivors, sharing information with 
undiagnosed men, and new information provided by significant others.  
Analysis of men’s accounts of exchanges of information also revealed controversies about 
whether information gathered through the process mentioned above actually contributed to 
men’s prostate cancer literacy. First, older men seemed to be more interested in 
communicating information and personal experiences with prostate cancer than in the 
process of learning itself. Second, partial, imprecise, or superficial information about 
prostate cancer could either stagnate or propel older men’s learning about prostate cancer. 
Third, the hypotheses (deductive and inductive) those men generated after contact with 
prostate cancer information impelled them to either confirm or refute the hypotheses. In 
doing so, older men built the core of their interpretative logic and thereby created meaning 
out of their experiences with prostate cancer. The information strategies thus fueled men’s 
determination to transform all future contact they had with prostate cancer information. 
Figure 4 presents how men compared their situations with those of other individuals living 
with cancer and, whether they had low or high levels of health literacy, formed hypotheses, 
made comparisons, and decisions. 
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Fig. 4. Strategies for dealing with prostate cancer-related information 

4.2.3 Strategies men use to make sense of prostate cancer information 
Men’s use of hypothesizing and of deductive and inductive reasoning varied in intensity and 
frequency, depending on older men’s self-rated level of health literacy and the uncertainty 
they faced about their medical conditions. Men’s use of these analytical techniques was 
congruent with their tendency to assess information logically by seeking to understand events 
and facts and by decoding large amounts of (sometimes contradictory) prostate cancer 
information. The intensity and frequency of men’s hypothesizing, deduction, and induction 
seemed to be associated with the importance they attributed to the process of decision making, 
regardless of its domain. The cognitive processes of hypothesizing and deducting also 
influenced men’s acceptance or refusal of prostate cancer information, because men selected 
information based on their values. Selecting, valuing, and incorporating prostate cancer 
information, and other information indirectly related to prostate cancer, can be explained by 
men’s increasing interest in information seeking. Men’s main focus was learning what to do to 
ensure their survival and how to do it. This focus led men to value what could help them 
understand clinical facts. Men sought to find, in each piece of prostate cancer information, 
anything that could contribute to a pragmatic plan for surviving cancer. Men valued 
information that was personally relevant to them and could contribute to decision-making. In 
this information-selection process, men’s participation in information networks and the 
information support that they received from significant others were important.  
Men’s constant hypothesizing seemed to be an attempt to understand and compare 
information from multiple sources, information that created doubts in their minds. With 
these doubts, men constantly struggled to reduce abstraction and uncertainty in the 
information they gathered. The difficulty with abstraction related most often to 
descriptions of cellular processes and cell-level responses to treatment, as expressed by 
levels of PSA, prostate cancer recurrence, and metastasis. Without being able to 
understand this complex information, men could not evaluate its pertinence and quality. 
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Men needed to evaluate this information to construct meaning by comparing it to their 
own health experiences, as well as with health and prostate cancer information they had 
already gathered. Figure 5 displays the key factors that influenced the way older men 
lived with prostate cancer information.  
 

 
Fig. 5. Key factors influencing the way men live with prostate cancer-related information 

4.2.4 Key factors underlying older men’s information strategies 
For older men, the utility of all information men found relevant was its contribution to 
solving problems, filling knowledge gaps, and helping men learn how to live with prostate 
cancer. The relevance individual men attributed to information revealed differences among 
older men in their critical attitudes to the information they gathered. Men either focused on 
analyzing the information’s technical content or applied the information to political and 
collective aspects of men’s experiences with prostate cancer.   
These critical attitudes revealed how men came in contact with and joined information 
networks to explore their social environments. Men who had little or no contact with 
sources of health information other than their urologists lived in cognitive isolation. On the 
other hand, men who gradually constructed networks comprising health professionals 
(other than urologists) and lay people slowly incorporated new knowledge into their lives 
through collective learning and exchanging experiences, knowledge that supplemented and 
complemented information from their urologists. 
Incorporation of information into men’s lives was a goal shared by men with prostate cancer 
and other individuals who were directly or indirectly involved with their new lives after 
medical recovery. Before being able to decode prostate cancer information, some men 
confronted the reality that other men and women live with cancer that was more or less severe 
than theirs. This confrontation raised men’s awareness of the potential impact of prostate 
cancer on their own lives. Comparing their lives to the lives of others allowed men to ascertain 
the relevance of prostate cancer information and incorporate it into their daily lives, 
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specifically into self-assessment and self-monitoring. Men valued information that responded 
to their pragmatic needs, rather than theoretical information that was difficult to decode. Once 
they found enough information to answer their questions, men stopped searching.  
The quality of prostate cancer information was another factor men used to evaluate the 
credibility of information sources and whether or not to accept information from them. 
When men perceived new information to be high quality, even if it contradicted 
information that they deemed valuable, they were open to comparing it to contradictory 
information. The issues of quality, criticism, and acceptance explained men’s unwavering 
acceptance of medical diagnoses of prostate cancer, their strong tendency not to seek 
second medical opinions, and their unconditional acceptance of medical therapies 
recommended by their physicians. Moreover, other issues were at play in this process: 
men’s lack of knowledge about the disease and its medical treatment, trust in the technical 
competence and scientific knowledge of their physicians, and what value men placed on 
prostate cancer information.  
Figure 6 displays the dynamics of how men lived their daily lives (outside of hospitals and 
clinics) with the prostate cancer information they gathered through information networks. 
Men’s prostate cancer literacy depended on the effects of experiences with prostate cancer 
within or outside such networks. Men would create and be part of information networks to 
build their individualized knowledge about prostate cancer. Being part of information 
networks helped them understand and make meaning out of their own illness experiences. 
Men’s understanding of the disease was a shared construction of experiences of others in 
their immediate social environment. This shared construction filled men’s knowledge gaps 
and resolved misunderstandings, allowing men to construct new social roles inspired by 
their awareness of the need to share knowledge and gain empirical skills to manage prostate 
cancer. Therefore, men tended to transmit information about the prevention and early 
detection of prostate cancer, as well as how men already touched by the disease had 
improved the quality of their lives. 
 

 
Fig. 6. Dynamics of living with prostate cancer-related information 
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4.3 Ultimate goals in constructing information strategies for becoming prostate-
cancer literate 
As described above, the process of becoming prostate-cancer literate unfolded along the life-
death continuum; levels of health literacy (from low to high); levels of contact with 
information networks (from no contact to creation of one’s own information network); and 
illness experiences within or outside information networks. Men’s information strategies 
came out of the desire to preserve their moral integrity, self-image, and to maintain their 
social roles (as husbands, fathers, grandfathers, friends, and peer counsellors). Awareness of 
loss, regret, deception, and hope encouraged older men to remain in their social roles, while 
sharing their wisdom about how to live well1 with prostate cancer (Zanchetta, 2004). Living 
well with prostate cancer included creating a new body free of embarrassing conditions 
(e.g., urinary incontinence), a new masculinity, and a new perception of control. Living well 
also included redefining one’s sense of successful adaptation and, most important, adopting 
new familial and other social roles while being aware of one’s own vulnerability (Kelly, 
2009). Men’s experience with uncertainty throughout their prostate cancer trajectory was 
affected by their knowledge about the disease, the disease’s stage, and the availability of 
informal support networks (Nanton et al., 2009). These factors may, in turn, have affected 
men’s desire to survive prostate cancer. 
One of older men’s primary goals was to understand their illness experiences, an 
understanding which would enable them to tackle their other primary goal: to regain 
decisional power over their own bodies and destiny. Guided by hope of surviving prostate 
cancer, older men decided either to make their journey solitary or collective – experiences 
shared with family, friends, peers, and strangers. It was between these two extremes of 
experience with prostate cancer that construction of new social roles, even new social 
identities, occurred. These new roles and identities preserved the integrity of men’s 
masculine self-images, despite suffering related to loss of sexual functioning. 
Men reborn out of collective prostate-cancer journeys distinguished between sharing their 
own experiences and transmitting information about prostate cancer. They also discerned 
with which strangers to talk about their experiences of prostate cancer and with which 
strangers to share its private issues. In contrast, men emerging out of solitary prostate-
cancer journeys felt unprotected from the dehumanizing health care system and its 
professionals. They felt restrained in their freedom to share their cancer experiences with 
others and believed that silence among men about prostate cancer was natural. Despite 
these differences in men’s preferences for living with prostate cancer, we can identify in the 
participants’ accounts the same underlying rationale. Men’s decisions about disclosing their 
experience with prostate cancer were explained by the intensity of their wishes, as fathers 
and husbands as well as friends, to protect their loved ones from worry.  

4.4 Contributions of this research to the practice of social and health professionals  
The research findings described in Section 4 may challenge clinicians’ perception that 
academic education level is the only indicator of patients’ ability to understand health 
information and that less educated patients will be unable to do so. For example, 
                                                 
1 Because none of the research participants was free of prostate cancer, it is beyond the scope of this 
section to discuss men’s perspectives on being free of the disease, feeling safe, or having the disease 
under control.  
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sometimes physicians’ communication style (e.g., rapid transmission of brief information, 
underestimating men’s capacity to capably make decisions) can push men to adopt a 
critical, reflective attitude toward the information physicians transmit. In the research 
described above, this paradox supported older men’s determination to educate 
themselves about prostate cancer and general health. Therefore, social and health 
professionals should view men’s process of becoming prostate cancer literate as a 
collective, affective, and social process involving other men, women, and other significant 
others. Medical information about treatment options and their impacts on sexual health is 
less important to men with prostate cancer than prostate cancer’s impacts on men’s social 
identity. 

4.5 Reflecting on men’s accounts of constructing prostate cancer literacy 
In Section 4, we discussed how men construct their prostate cancer literacy throughout the 
disease process. Below are some accounts to guide readers’ reflection about the multiple 
dimensions of literacy that underpin the process of becoming prostate cancer literate. There 
are no correct answers to the reflection questions. We hope that reflecting on your own 
experience as health care professionals will help you answer the questions. 

4.5.1 Clinical vignettes 
 Michael, a 56-year-old underground miner, was recently diagnosed with prostate 

cancer. He arrives at an appointment with his oncologist to discuss treatment options. 
Michael is presented with two options: hormone therapy and orchiectomy. The 
oncologist discusses the potential outcomes of each of these options. Michael is quite 
concerned about hormones’ possible side effects, such as hot flashes, growth of the 
mammary glands, and reduction in sexual stamina. Neither option is particularly 
appealing to Michael. He decides that he needs time to consider the treatment options 
and discuss them with his wife of 30 years. 

 Frank, a 67-year-old retired postal worker, shares with his doctor his experience of 
participating in a support group for men undergoing prostate cancer treatment. At first 
he thought this group might be a good source of support as he navigated the often 
complex world of prostate cancer treatment. After attending a few meetings, however, 
he discovered that all the men in the support group do is complain. He was also 
surprised that their complaints were not about discomfort or side effects that they had 
experienced as a result of their treatments but, instead, about their difficulties  getting 
information and answers to their questions. 

 Raymond, a 51-year-old registered nurse, was diagnosed with prostate cancer six 
months ago. He began hormone therapy two months ago. As a health care professional, 
his is well acquainted with medication side effects. During a routine follow-up visit 
with his urologist, Raymond reports that he has been experiencing numerous side 
effects which he believes are related to the hormone therapy. In addition, and perhaps 
more concerning, is the fact that his sex drive has severely diminished and he is now 
experiencing erectile dysfunction. His symptoms are so intense that he finds himself 
unable to work. He reports that he has been doing some reading on alternative and 
more natural methods of treatment and wants to discuss discontinuing his hormone 
therapy. He tells the urologist that his quality of life is so affected by the hormone 
therapy that he is not willing to continue living like this. 
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4.3 Ultimate goals in constructing information strategies for becoming prostate-
cancer literate 
As described above, the process of becoming prostate-cancer literate unfolded along the life-
death continuum; levels of health literacy (from low to high); levels of contact with 
information networks (from no contact to creation of one’s own information network); and 
illness experiences within or outside information networks. Men’s information strategies 
came out of the desire to preserve their moral integrity, self-image, and to maintain their 
social roles (as husbands, fathers, grandfathers, friends, and peer counsellors). Awareness of 
loss, regret, deception, and hope encouraged older men to remain in their social roles, while 
sharing their wisdom about how to live well1 with prostate cancer (Zanchetta, 2004). Living 
well with prostate cancer included creating a new body free of embarrassing conditions 
(e.g., urinary incontinence), a new masculinity, and a new perception of control. Living well 
also included redefining one’s sense of successful adaptation and, most important, adopting 
new familial and other social roles while being aware of one’s own vulnerability (Kelly, 
2009). Men’s experience with uncertainty throughout their prostate cancer trajectory was 
affected by their knowledge about the disease, the disease’s stage, and the availability of 
informal support networks (Nanton et al., 2009). These factors may, in turn, have affected 
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One of older men’s primary goals was to understand their illness experiences, an 
understanding which would enable them to tackle their other primary goal: to regain 
decisional power over their own bodies and destiny. Guided by hope of surviving prostate 
cancer, older men decided either to make their journey solitary or collective – experiences 
shared with family, friends, peers, and strangers. It was between these two extremes of 
experience with prostate cancer that construction of new social roles, even new social 
identities, occurred. These new roles and identities preserved the integrity of men’s 
masculine self-images, despite suffering related to loss of sexual functioning. 
Men reborn out of collective prostate-cancer journeys distinguished between sharing their 
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with which strangers to talk about their experiences of prostate cancer and with which 
strangers to share its private issues. In contrast, men emerging out of solitary prostate-
cancer journeys felt unprotected from the dehumanizing health care system and its 
professionals. They felt restrained in their freedom to share their cancer experiences with 
others and believed that silence among men about prostate cancer was natural. Despite 
these differences in men’s preferences for living with prostate cancer, we can identify in the 
participants’ accounts the same underlying rationale. Men’s decisions about disclosing their 
experience with prostate cancer were explained by the intensity of their wishes, as fathers 
and husbands as well as friends, to protect their loved ones from worry.  

4.4 Contributions of this research to the practice of social and health professionals  
The research findings described in Section 4 may challenge clinicians’ perception that 
academic education level is the only indicator of patients’ ability to understand health 
information and that less educated patients will be unable to do so. For example, 
                                                 
1 Because none of the research participants was free of prostate cancer, it is beyond the scope of this 
section to discuss men’s perspectives on being free of the disease, feeling safe, or having the disease 
under control.  
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sometimes physicians’ communication style (e.g., rapid transmission of brief information, 
underestimating men’s capacity to capably make decisions) can push men to adopt a 
critical, reflective attitude toward the information physicians transmit. In the research 
described above, this paradox supported older men’s determination to educate 
themselves about prostate cancer and general health. Therefore, social and health 
professionals should view men’s process of becoming prostate cancer literate as a 
collective, affective, and social process involving other men, women, and other significant 
others. Medical information about treatment options and their impacts on sexual health is 
less important to men with prostate cancer than prostate cancer’s impacts on men’s social 
identity. 
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experience as health care professionals will help you answer the questions. 
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he discovered that all the men in the support group do is complain. He was also 
surprised that their complaints were not about discomfort or side effects that they had 
experienced as a result of their treatments but, instead, about their difficulties  getting 
information and answers to their questions. 

 Raymond, a 51-year-old registered nurse, was diagnosed with prostate cancer six 
months ago. He began hormone therapy two months ago. As a health care professional, 
his is well acquainted with medication side effects. During a routine follow-up visit 
with his urologist, Raymond reports that he has been experiencing numerous side 
effects which he believes are related to the hormone therapy. In addition, and perhaps 
more concerning, is the fact that his sex drive has severely diminished and he is now 
experiencing erectile dysfunction. His symptoms are so intense that he finds himself 
unable to work. He reports that he has been doing some reading on alternative and 
more natural methods of treatment and wants to discuss discontinuing his hormone 
therapy. He tells the urologist that his quality of life is so affected by the hormone 
therapy that he is not willing to continue living like this. 
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Questions 

 What new facilitators for learning can professionals give men, to help them decode 
prostate cancer information? 

 How should professionals incorporate discussion about issues of masculinity when 
teaching men about modalities of screening, monitoring, treatment, and 
rehabilitation? 

 What are the advantages, for professionals, of learning about how men construct 
personally relevant meaning from prostate cancer information? 

  What innovations should be introduced into prostate-cancer-teaching practices to 
move from a treatment-focused teaching toward a gender- focused approach? 

 Which simple strategies could you create to assess the health literacy of men with 
prostate cancer in your clinical practice?  

5. Health literacy: Impact on survival of the prostate cancer patient, 
significant others, and clinicians 
Health professionals demonstrate growing interest in the functional aspect of health literacy 
(Oldfield, & Dreher, 2010), despite their concomitant concern about how to assess and deal 
with it in daily professional practice. According to Peerson and Saunders (2009), “Because 
health literacy involves knowledge, motivation and activation, it is a complex thing to 
measure and to influence” (p. 285). Professionals’ interest in health literacy focuses on 
individuals' understanding of health messages, which can enable them to participate more 
actively in their treatment and be successful in self-management of their illnesses. For years, 
research on the multiple factors related to health literacy has been guided by several 
conceptual and theoretical models: information seeking (Bagley-Burnett, 1992; Lenz, 
1984), information needs (Derdiarian, 1987), uncertainty in illness (Mishel, 1990), and 
unaided decisions in health care (Pierce, 1996). Relevant psychological features of 
information-seeking behavior were explored in some seminal studies. These features are 
anxiety, resulting in the tendency to attribute responsibility for decision making to others; 
avoidance or receptivity to learning about one’s disease; motivation to seek disease-
specific information; and attributing the cause of cancer to fate or personal fault (Lavery & 
Clarke, 1999; Siegel & Raveis, 1997; Walker et al., 1996). Furthermore, studies have shown 
that representations of a disease tend to shape individuals’ preferences for the type, 
amount, nature, and use of health information (Fieler et al., 1996; Gollop, 1997a, 1997b; 
Griffiths & Leek, 1995; Ko et al., 1997; Meischke & Johnson, 1995). Other studies opened 
new avenues for understanding individuals’ preferences for the content of health 
information: the how, when, why, who, and where of prognosis, treatments, management, 
and control of illness (Chalmers et al., 1996; Davison & Degner, 1997; Fieler et al., 1996; 
Hack et al., 1994; Shaw et al., 1994). 

5.1 Health literacy as a survival tool for the patient 
If patients’ ultimate goal in obtaining health information is to survive, health literacy plays a 
key role in individuals’ sense of self-determination (Zanchetta, & Moura, 2006) and in their 
ability to deal with illness uncertainty (Zanchetta, 2005). Despite the impressive number of 
studies related to learning about health issues, few researchers have explored the influences 
of health learning on individuals’ illness experiences within the context of their community 
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life. This learning experience, framed by community features, seems to be particularly 
critical to older individuals living with cancer, because they report decreased social and 
community involvement as well as shrinking social networks (Houldin & Wasserbauer, 
1996). Cutilli and Bennett (2009) demonstrated that men perform worse than women on 
health-literacy-assessment tests, due to factors such as education, language, income, 
information-seeking behavior, and type of health insurance. For older men, such predictors 
of low performance on health literacy assessments are particularly relevant, because marital 
status, education, and perceived health status predict health-information seeking (Elder et 
al., 2010). Low literate individuals tend to have difficulty understanding health information 
and using the health care system. The reasons for this difficulty include (a) limited 
comprehension of written and verbal health information, (b) not trusting written health 
information and preferring to gather health information through personal communication, 
(c) inability to understand health terms and concepts, (d) insufficient information about the 
health system, and (e) feelings of shame and embarrassment in revealing their limitations 
(Health Canada, 1999). The paramount issue, low health literacy, seems to be related to 
cultural, cognitive, and social aspects of having access to, understanding, and using health 
information (Oldfield & Dreher, 2010). In particular, low literate individuals who have low 
levels of numeracy and general knowledge may have difficulty dealing with treatment-
related information containing ratios, probabilities, or percentages. Such information, about 
cures, treatment complications, and/or side effects, is usually given to patients in the 
contexts of decision making or informed consent. Certainly, one’s ability to understand 
complex health information can either undermine or enhance one’s interest in gathering 
health information.  
Studies have also demonstrated that older men consider information on self-management 
of their diseases too superficial (Walker et al., 1998), especially because of aging-related 
problems such as cognitive impairment and decrease in vitality. The search for, 
processing of, incorporation of, and meaning attached to health information seems to be 
directly affected by older men’s level of disease awareness (Morasso et al., 1997), which 
may decline with cognitive impairment. The nature of prostate cancer treatment demands 
that health professionals provide clinical education that responds to older men’s 
knowledge deficits and addresses the physical and psychological problems men 
experience after treatment (Miaskowski, 1999). For example, men who undergo 
cryosurgical ablation of the prostate may face complications, such as urethrorectal 
fistulae, bladder-outlet-obstruction incontinence, impotence, and urinary tract infections. 
Radical prostatectomy may lead to anxiety, bladder spasms, pain, high risk of 
hemorrhage, and pulmonary embolisms. The complications surrounding external beam 
radiation include fatigue, diarrhea, and cystitis. Finally, hormone therapy leads to 
impotence, hot flashes, gynecomastia, and high risk of pathologic fractures (Giddens, 
2004). The impact of such complications can affect men’s self-image, and dealing with 
complex medical information can become challenging for older men. To become health 
literate, they must make sense of health information, find congruency between their past 
and new knowledge (Craig, 1987), and incorporate health information into their daily 
lives in a meaningful way.  
Interestingly, incorporation of new knowledge about prostate cancer and other medical 
issues differs according to men’s self-reported level of health literacy and unfolds within the 
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move from a treatment-focused teaching toward a gender- focused approach? 
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5. Health literacy: Impact on survival of the prostate cancer patient, 
significant others, and clinicians 
Health professionals demonstrate growing interest in the functional aspect of health literacy 
(Oldfield, & Dreher, 2010), despite their concomitant concern about how to assess and deal 
with it in daily professional practice. According to Peerson and Saunders (2009), “Because 
health literacy involves knowledge, motivation and activation, it is a complex thing to 
measure and to influence” (p. 285). Professionals’ interest in health literacy focuses on 
individuals' understanding of health messages, which can enable them to participate more 
actively in their treatment and be successful in self-management of their illnesses. For years, 
research on the multiple factors related to health literacy has been guided by several 
conceptual and theoretical models: information seeking (Bagley-Burnett, 1992; Lenz, 
1984), information needs (Derdiarian, 1987), uncertainty in illness (Mishel, 1990), and 
unaided decisions in health care (Pierce, 1996). Relevant psychological features of 
information-seeking behavior were explored in some seminal studies. These features are 
anxiety, resulting in the tendency to attribute responsibility for decision making to others; 
avoidance or receptivity to learning about one’s disease; motivation to seek disease-
specific information; and attributing the cause of cancer to fate or personal fault (Lavery & 
Clarke, 1999; Siegel & Raveis, 1997; Walker et al., 1996). Furthermore, studies have shown 
that representations of a disease tend to shape individuals’ preferences for the type, 
amount, nature, and use of health information (Fieler et al., 1996; Gollop, 1997a, 1997b; 
Griffiths & Leek, 1995; Ko et al., 1997; Meischke & Johnson, 1995). Other studies opened 
new avenues for understanding individuals’ preferences for the content of health 
information: the how, when, why, who, and where of prognosis, treatments, management, 
and control of illness (Chalmers et al., 1996; Davison & Degner, 1997; Fieler et al., 1996; 
Hack et al., 1994; Shaw et al., 1994). 

5.1 Health literacy as a survival tool for the patient 
If patients’ ultimate goal in obtaining health information is to survive, health literacy plays a 
key role in individuals’ sense of self-determination (Zanchetta, & Moura, 2006) and in their 
ability to deal with illness uncertainty (Zanchetta, 2005). Despite the impressive number of 
studies related to learning about health issues, few researchers have explored the influences 
of health learning on individuals’ illness experiences within the context of their community 
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life. This learning experience, framed by community features, seems to be particularly 
critical to older individuals living with cancer, because they report decreased social and 
community involvement as well as shrinking social networks (Houldin & Wasserbauer, 
1996). Cutilli and Bennett (2009) demonstrated that men perform worse than women on 
health-literacy-assessment tests, due to factors such as education, language, income, 
information-seeking behavior, and type of health insurance. For older men, such predictors 
of low performance on health literacy assessments are particularly relevant, because marital 
status, education, and perceived health status predict health-information seeking (Elder et 
al., 2010). Low literate individuals tend to have difficulty understanding health information 
and using the health care system. The reasons for this difficulty include (a) limited 
comprehension of written and verbal health information, (b) not trusting written health 
information and preferring to gather health information through personal communication, 
(c) inability to understand health terms and concepts, (d) insufficient information about the 
health system, and (e) feelings of shame and embarrassment in revealing their limitations 
(Health Canada, 1999). The paramount issue, low health literacy, seems to be related to 
cultural, cognitive, and social aspects of having access to, understanding, and using health 
information (Oldfield & Dreher, 2010). In particular, low literate individuals who have low 
levels of numeracy and general knowledge may have difficulty dealing with treatment-
related information containing ratios, probabilities, or percentages. Such information, about 
cures, treatment complications, and/or side effects, is usually given to patients in the 
contexts of decision making or informed consent. Certainly, one’s ability to understand 
complex health information can either undermine or enhance one’s interest in gathering 
health information.  
Studies have also demonstrated that older men consider information on self-management 
of their diseases too superficial (Walker et al., 1998), especially because of aging-related 
problems such as cognitive impairment and decrease in vitality. The search for, 
processing of, incorporation of, and meaning attached to health information seems to be 
directly affected by older men’s level of disease awareness (Morasso et al., 1997), which 
may decline with cognitive impairment. The nature of prostate cancer treatment demands 
that health professionals provide clinical education that responds to older men’s 
knowledge deficits and addresses the physical and psychological problems men 
experience after treatment (Miaskowski, 1999). For example, men who undergo 
cryosurgical ablation of the prostate may face complications, such as urethrorectal 
fistulae, bladder-outlet-obstruction incontinence, impotence, and urinary tract infections. 
Radical prostatectomy may lead to anxiety, bladder spasms, pain, high risk of 
hemorrhage, and pulmonary embolisms. The complications surrounding external beam 
radiation include fatigue, diarrhea, and cystitis. Finally, hormone therapy leads to 
impotence, hot flashes, gynecomastia, and high risk of pathologic fractures (Giddens, 
2004). The impact of such complications can affect men’s self-image, and dealing with 
complex medical information can become challenging for older men. To become health 
literate, they must make sense of health information, find congruency between their past 
and new knowledge (Craig, 1987), and incorporate health information into their daily 
lives in a meaningful way.  
Interestingly, incorporation of new knowledge about prostate cancer and other medical 
issues differs according to men’s self-reported level of health literacy and unfolds within the 
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multiple, interconnected dimensions of their lives. Zanchetta (2002) showed that health 
information is incorporated into daily life only if it is congruent with the following factors: 
men’s individual identities; their social trajectories within a specific masculine identity, 
health-education experience, and life stories; representations of aging, body, cancer/prostate 
cancer, and health/illness. Table 1 summarizes key definitions of health literacy applicable 
to learning about prostate cancer in a clinical context.  
As consumers of prostate cancer information, men with prostate cancer reveal common 
strategies for using information (Zanchetta, 2004). Older men tend to perceive prostate 
cancer as an innocuous disease and react nonchalantly to prostate cancer diagnosis. They 
usually receive partial information and lack comprehension of clinical conditions and/or the 
evolutionary stages of prostate cancer. Nonetheless, they enjoy reading, which leads to an 
interest in reading books about other men’s experiences with prostate cancer, the prostate 
gland, prostate-cancer survival, prognosis, and treatments. They also enjoy learning about 
principles of chemotherapy, preparation for undergoing chemotherapy and its effects, and 
modes of adaptation to prostate cancer. They do not believe information displayed in 
medical pamphlets, due their lack of identification of the pamphlet’s authors. Frequently, 
older men assess their own clinical conditions and the effectiveness of their treatments by 
tracking changes in their PSA test results. They tend not to seek second opinions from 
urologists other than their own to either confirm the need for therapy or the quality of 
scientific evidence in health information. However, men correlate the health information 
they have with new information they find. Finally, because older men value their 
physicians’ professional competence and trust them, men do not gather health information 
from other (formal or informal) sources (Zanchetta, 2002).  
 

Conceptual definitions of health literacy – ability to: 

Access, read, or listen to; process; and appraise textual, graphic, and numeric health 
information. 
Build new meanings from health information.  
Understand health messages and communicate them in users’ social environments. 
Navigate the health care system. 
Use textual, numeric, and graphic health information to inform decision making, 
reduce health risks, and enhance quality of life. 
Use health information to access health care in a medical culture that requires self-
defense and health vigilance. 
Evaluate and communicate health information to improve one’s own and one’s 
family’s life.  
Solve health problems by using multiple forms of language (written, oral, visual, 
tactile, etc.), at multiple levels (individual, family, community, world) and in multiple 
contexts (home, work, school). 
Use all family, school, social, cultural, and professional assets gathered through 
continual learning (formal or informal), through regular contact with information, 
knowledge, attitudes, and health behaviors in all aspects of life.  

Source: Kaszap & Zanchetta (2009) 

Table 1. Conceptual definitions of health literacy 
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Zanchetta (2002) observed, during a community information session with a total of 50 
participants (women, and men with and without prostate cancer) about the epidemiological, 
treatment, and rehabilitation aspects of prostate cancer, that most men’s questions were 
about technical procedures. These questions indicated lack of comprehension, difficulty 
with basic interpretation of the medical content of health information, and knowledge gaps, 
and thereby revealed the participants’ world of living with prostate cancer. Table 2 gives the 
questions men asked, in their original form and grouped into themes. In the same study, 
men’s learning needs were raised by two chairmen of a prostate cancer support group, who 
had compiled the accounts of several other men. The chairmen said that becoming literate 
about prostate cancer is not a linear, one-dimensional process. According to them, men 
become aware of their lack of knowledge about prostate cancer and motivated to seek 
information about it for the following reasons: (a) acknowledgment that, for men, ageing is 
usually accompanied by prostate problems, (b) symptoms of excessive prostate 
enlargement launch information seeking about early signs/symptoms of prostate cancer, 
(c) men’s new awareness of their vulnerability to disease after receiving a prostate cancer 
diagnosis, (d) receiving information about treatment side effects and their impacts on 
men’s lives, (e) men’s perception and experience of treatment and its side-effects, (f) 
recurrence of prostate problems after treatment, and (g) psychological and social impacts 
of treatment of prostate cancer.  
 

Theme Questions 

Epidemiology  

Why do the rates of prostate cancer increase? 
What are the environmental risk factors? 
Are the risk factors presented in the slides in conformity with their 
degree of importance? 
Is there something that one can do about the family risks factors?  
What is the most dangerous type of cancer? Rectal, bladder, or prostate? 

Screening 
procedures  

When must one begin PSA testing? 
What do you recommend as preventive action? After what age must 
one have an examination? 
After the age of 50, what is the suggested interval between 
examinations? 

Causes  

Is there any link with stress? 
Does drinking alcoholic beverage cause prostate cancer? 
Does bleeding during the biopsy transmit cancer? 
Is it true that sitting for long periods may cause prostate cancer? 
Could a vasectomy cause prostate cancer? 
Could hormone therapy cause prostate cancer?  

Knowledge issues  

What is serum testosterone? 
Is there another type of testosterone? 
What is its source of production? 
What does a gland full of granulomatosis mean? 
What are the meanings of the letters and degrees used to classify 
cancer?  
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multiple, interconnected dimensions of their lives. Zanchetta (2002) showed that health 
information is incorporated into daily life only if it is congruent with the following factors: 
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health-education experience, and life stories; representations of aging, body, cancer/prostate 
cancer, and health/illness. Table 1 summarizes key definitions of health literacy applicable 
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usually receive partial information and lack comprehension of clinical conditions and/or the 
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interest in reading books about other men’s experiences with prostate cancer, the prostate 
gland, prostate-cancer survival, prognosis, and treatments. They also enjoy learning about 
principles of chemotherapy, preparation for undergoing chemotherapy and its effects, and 
modes of adaptation to prostate cancer. They do not believe information displayed in 
medical pamphlets, due their lack of identification of the pamphlet’s authors. Frequently, 
older men assess their own clinical conditions and the effectiveness of their treatments by 
tracking changes in their PSA test results. They tend not to seek second opinions from 
urologists other than their own to either confirm the need for therapy or the quality of 
scientific evidence in health information. However, men correlate the health information 
they have with new information they find. Finally, because older men value their 
physicians’ professional competence and trust them, men do not gather health information 
from other (formal or informal) sources (Zanchetta, 2002).  
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Build new meanings from health information.  
Understand health messages and communicate them in users’ social environments. 
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Use textual, numeric, and graphic health information to inform decision making, 
reduce health risks, and enhance quality of life. 
Use health information to access health care in a medical culture that requires self-
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Evaluate and communicate health information to improve one’s own and one’s 
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Solve health problems by using multiple forms of language (written, oral, visual, 
tactile, etc.), at multiple levels (individual, family, community, world) and in multiple 
contexts (home, work, school). 
Use all family, school, social, cultural, and professional assets gathered through 
continual learning (formal or informal), through regular contact with information, 
knowledge, attitudes, and health behaviors in all aspects of life.  
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Zanchetta (2002) observed, during a community information session with a total of 50 
participants (women, and men with and without prostate cancer) about the epidemiological, 
treatment, and rehabilitation aspects of prostate cancer, that most men’s questions were 
about technical procedures. These questions indicated lack of comprehension, difficulty 
with basic interpretation of the medical content of health information, and knowledge gaps, 
and thereby revealed the participants’ world of living with prostate cancer. Table 2 gives the 
questions men asked, in their original form and grouped into themes. In the same study, 
men’s learning needs were raised by two chairmen of a prostate cancer support group, who 
had compiled the accounts of several other men. The chairmen said that becoming literate 
about prostate cancer is not a linear, one-dimensional process. According to them, men 
become aware of their lack of knowledge about prostate cancer and motivated to seek 
information about it for the following reasons: (a) acknowledgment that, for men, ageing is 
usually accompanied by prostate problems, (b) symptoms of excessive prostate 
enlargement launch information seeking about early signs/symptoms of prostate cancer, 
(c) men’s new awareness of their vulnerability to disease after receiving a prostate cancer 
diagnosis, (d) receiving information about treatment side effects and their impacts on 
men’s lives, (e) men’s perception and experience of treatment and its side-effects, (f) 
recurrence of prostate problems after treatment, and (g) psychological and social impacts 
of treatment of prostate cancer.  
 

Theme Questions 

Epidemiology  

Why do the rates of prostate cancer increase? 
What are the environmental risk factors? 
Are the risk factors presented in the slides in conformity with their 
degree of importance? 
Is there something that one can do about the family risks factors?  
What is the most dangerous type of cancer? Rectal, bladder, or prostate? 

Screening 
procedures  

When must one begin PSA testing? 
What do you recommend as preventive action? After what age must 
one have an examination? 
After the age of 50, what is the suggested interval between 
examinations? 

Causes  

Is there any link with stress? 
Does drinking alcoholic beverage cause prostate cancer? 
Does bleeding during the biopsy transmit cancer? 
Is it true that sitting for long periods may cause prostate cancer? 
Could a vasectomy cause prostate cancer? 
Could hormone therapy cause prostate cancer?  

Knowledge issues  

What is serum testosterone? 
Is there another type of testosterone? 
What is its source of production? 
What does a gland full of granulomatosis mean? 
What are the meanings of the letters and degrees used to classify 
cancer?  
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Theme Questions 

Diagnostic 
procedures 

Can a prostate cancer diagnosis be made using a blood test? 
If the cancer is in its beginning stage, can a biopsy indicate its 
presence? 

Self-assessment  Does prostate irritation mean prostate cancer?  
Does the presence of blood in the sperm indicate prostate cancer?  

Technical 
procedures  

What does a rectal examination indicate? 
What justifies the removal of the testes?  
Does an examination exist that allows us to see the whole prostate? 
During a rectal examination, does the physician feel just a part of the 
prostate? 
Can a physician identify prostate cancer simply by looking at the 
prostate?  
How can one see the prostate with an echography? 
How is the result of an echography analyzed with the PSA? 
What can one do after having lymph nodes removed? 
Is radiation therapy applied through the rectum? 
Is chemotherapy as efficient as surgery? 
What is the likelihood of bleeding after radiation therapy?  

Interpretation of 
PSA titration levels 

What are the normal limits of the PSA test? 
Does the PSA have another type of utility? Could it indicate another 
type of disease? 

Table 2. Scope of men’s questions about prostate cancer 

Men may also learn about prostate cancer through the collective experience offered in 
prostate cancer support groups. In these support groups, men learn from each other as well 
as from invited speakers; exchange information and experience; offer and obtain mutual 
help, advice, and support; and advocate for their rights as health consumers and citizens. 
Despite these multiple opportunities, some men still believe that other men come together in 
prostate cancer support groups to complain and cry “like a woman” (F. S. and W. K., 
personal communication, Kingston, Canada, March 2004). Such a misconception may 
explain why men from ethnic minorities tend not to enrol in prostate cancer support groups 
and why some men only attend them after treatment, despite their physicians’ 
recommendations or referrals. In other cases, doctors referred men to prostate cancer 
support groups after treatment, which may imply that these men decided on treatments 
with only partial knowledge of their consequences and later regretted their decisions (D. G., 
personal communication, Montreal, Canada, June 2001).  
Other ethno-cultural influences also influenced study participants’ behavior related to 
prostate cancer. First, most of the Caucasian men (who self-identified as being of 
European descent) were socially expected to keep silent about disease and any suffering. 
Second, their mothers taught them to promote their own health and take preventive 
action against diseases, mainly through nutrition (Zanchetta et al., 2004). Given such 
expectations of stoic silence, men need professional mentoring and assistance to 
acknowledge that time is required to deal effectively with the diagnosis of prostate cancer, 
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adequately comprehend medical information, consider available alternatives, and reflect 
on the potential outcomes of their decisions. Such an investment of time will ultimately 
generate a greater sense of control over men’s life choices and a greater degree of 
normalcy in their lives. 

5.2 Impact of men’s prostate cancer literacy on their significant others 
The impact of a prostate cancer diagnosis on couple and family dynamics is frequently 
reported in the scientific literature. However, other than shared stress, other experiences of 
men’s significant others with prostate cancer information remain poorly explored. Men 
themselves report feeling embarrassed in revealing to their wives that prostate-biopsy 
results confirm their urologists’ suspicion of prostate cancer (Zanchetta, 2004). Another gap 
in the literature concerns partners’ unidentified or unmet information needs (Sinfield et al., 
2008). For partners, becoming prostate-cancer literate would facilitate their participation in 
decision making as well as collaboration in all stages of treatment – as information 
gatherers, care providers, promoters of adherence with treatments, and even advocates for 
health and social services. As most of partners of men with prostate cancer are women, 
likely also elderly and living with their own diseases, we can expect that men’s partners are 
knowledgeable consumers of health services who are able to sustain their partners’ 
struggles to learn about prostate cancer. Because close interpersonal relationships influence 
illness experiences and transform the solitary cancer journey into a joint experience 
(Illingworth et al., 2010), partners can discover, learn about, and transcend limitations to 
redefining the meaning of prostate cancer.  
Another impact of prostate cancer literacy is men’s decision to share their illness 
experiences with their sons. This decision relates to genetic predisposition to cancer, early 
detection, and screening procedures (Zanchetta, 2002, 2004). However, a “code of silence 
between men” can prevent disclosure of diagnosis. In Zanchetta’s (2002) study, decision 
to inform sons and sons was explained from two opposite perspectives. Fathers who 
shared their illness experiences with their sons did so because of feelings of fatherhood 
and its perceived inherent responsibilities, and a concomitant desire to protect their sons. 
These fathers were concerned about the possibility of another case of prostate cancer in 
the family, felt confident in talking about prostate cancer, valued talking about illness 
experience to improve their own well-being, and perceived themselves as being open 
minded. Fathers who did not share their illness experiences with their sons felt unable to 
discuss parental subjects with their children, did not want to upset their sons with the 
daily problems caused by prostate cancer, felt that their sons were not concerned about 
prostate cancer, and had difficulty revealing personal experiences that provoked feelings 
of frustration and regret. 

5.3 Surviving multiple professional challenges to sustain men’s prostate cancer 
literacy 
Health professionals utilize evidence-based practice to bridge the theory–practice gap and 
to guide patient care with the best available evidence (Paley et al., 2007). The goal of 
health and social professionals in the prostate cancer care continuum (screening, 
detection/diagnosis, treatment, rehabilitation) is to provide instrumental care and 
information that combines effective medical and social science with optimal technology, 
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Theme Questions 
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explain why men from ethnic minorities tend not to enrol in prostate cancer support groups 
and why some men only attend them after treatment, despite their physicians’ 
recommendations or referrals. In other cases, doctors referred men to prostate cancer 
support groups after treatment, which may imply that these men decided on treatments 
with only partial knowledge of their consequences and later regretted their decisions (D. G., 
personal communication, Montreal, Canada, June 2001).  
Other ethno-cultural influences also influenced study participants’ behavior related to 
prostate cancer. First, most of the Caucasian men (who self-identified as being of 
European descent) were socially expected to keep silent about disease and any suffering. 
Second, their mothers taught them to promote their own health and take preventive 
action against diseases, mainly through nutrition (Zanchetta et al., 2004). Given such 
expectations of stoic silence, men need professional mentoring and assistance to 
acknowledge that time is required to deal effectively with the diagnosis of prostate cancer, 
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adequately comprehend medical information, consider available alternatives, and reflect 
on the potential outcomes of their decisions. Such an investment of time will ultimately 
generate a greater sense of control over men’s life choices and a greater degree of 
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2008). For partners, becoming prostate-cancer literate would facilitate their participation in 
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gatherers, care providers, promoters of adherence with treatments, and even advocates for 
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likely also elderly and living with their own diseases, we can expect that men’s partners are 
knowledgeable consumers of health services who are able to sustain their partners’ 
struggles to learn about prostate cancer. Because close interpersonal relationships influence 
illness experiences and transform the solitary cancer journey into a joint experience 
(Illingworth et al., 2010), partners can discover, learn about, and transcend limitations to 
redefining the meaning of prostate cancer.  
Another impact of prostate cancer literacy is men’s decision to share their illness 
experiences with their sons. This decision relates to genetic predisposition to cancer, early 
detection, and screening procedures (Zanchetta, 2002, 2004). However, a “code of silence 
between men” can prevent disclosure of diagnosis. In Zanchetta’s (2002) study, decision 
to inform sons and sons was explained from two opposite perspectives. Fathers who 
shared their illness experiences with their sons did so because of feelings of fatherhood 
and its perceived inherent responsibilities, and a concomitant desire to protect their sons. 
These fathers were concerned about the possibility of another case of prostate cancer in 
the family, felt confident in talking about prostate cancer, valued talking about illness 
experience to improve their own well-being, and perceived themselves as being open 
minded. Fathers who did not share their illness experiences with their sons felt unable to 
discuss parental subjects with their children, did not want to upset their sons with the 
daily problems caused by prostate cancer, felt that their sons were not concerned about 
prostate cancer, and had difficulty revealing personal experiences that provoked feelings 
of frustration and regret. 

5.3 Surviving multiple professional challenges to sustain men’s prostate cancer 
literacy 
Health professionals utilize evidence-based practice to bridge the theory–practice gap and 
to guide patient care with the best available evidence (Paley et al., 2007). The goal of 
health and social professionals in the prostate cancer care continuum (screening, 
detection/diagnosis, treatment, rehabilitation) is to provide instrumental care and 
information that combines effective medical and social science with optimal technology, 
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allied to a humanistic approach. However, to provide services that respond to the specific 
needs of men, according to the World Health Organization (2002), professionals need to 
acknowledge gender-specific roles and biological distinctions as well as differences 
among men in needs, power, access to resources, obstacles, and opportunities. Gender 
equity is needed in the delivery of health services to overcome the structural oppression 
that grants women access to a humanist approach in health care relationships, but denies 
men access to the same humanist approach. Zanchetta et al. (2010), in discussing the role 
of health and social professionals in supporting men’s preventative prostate health 
behaviors, warn that “men today also define their relationships according to 
trustworthiness. For this reason, professionals should learn how to build trusting 
relationships with men, to facilitate a new men’s culture of seeking preventive care for 
diseases that threaten men’s self-identity” (p. 266). Although Kelly (2009) found that 
health professionals acknowledge the need to establish trusting relationships with men 
and aim to overcome communication barriers with them, men in the same study reported 
that not being taught to deal with physical changes after undergoing prostate cancer 
treatment led them to feel betrayed by the health care system. 
Prostate cancer can significantly impact every aspect of a man’s life. Jonsson et al. (2009) 
conclude that men with prostate cancer “are placed in a new life situation, against their 
will” (p. 273). These patients move through their illness experience with feelings of fear and 
uncertainty. Although scientific advances continue to enhance preventative, screening, 
diagnosis and treatment options, patients continue to experience the prostate cancer journey 
as separate silos of care. Patient-centered care is one approach that could reconnect these 
silos into a care continuum. Patient-centered care, which has gained momentum in the last 
two decades, is an approach to providing health care in which the patient is the focal point. 
According to the Picker Institute (2011), the eight guiding principles of professional practice 
in organizations committed to patient-centered care are (a) respect for patients’ values, 
preferences, and expressed needs, (b) coordination and integration of care, (c) information, 
communication, and education, (d) physical comfort, (e) emotional support and alleviation 
of fear and anxiety, (f) involvement of family and friends, (g) continuity and transition, and 
(h) access to care.  
The application of these principles coexists with challenges that professionals may face to 
satisfactorily implementing patient-centered care to ultimately sustain men’s prostate 
cancer literacy. The first challenge is the unresponsiveness of professional practice to the 
needs of male patients. Despite the patient centered-care movement, patients are 
continually cared for not cared with; for instance, professionals present patients with 
complex treatment options, seeking yes or no decisions about life-changing, high-risk 
treatments but allowing little time for men to reflect, learn about, and discuss options. 
Professionals who provide direct care, such as nurses, are faced with the difficult choice of 
dividing their time among a complex array of institutional demands. These other 
priorities ultimately result in less time for teaching their patients about health. 
Professionals are driven by their technical expertise, leading to the transfer of knowledge 
from ‘expert health care professional’ to ‘patient’. Is this prevalent practice effective? Does 
men’s motivation to seek care rest on the attainment of ‘patient knowledge’? Or does their 
need to survive underpin all the other tasks that men living with prostate cancer must 
undergo? Ethnic-minority men are less likely than Caucasians to share health information 
with care providers that they obtained elsewhere. Those whose first languages are not 
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English tend to complain about disrespect and racial discrimination and are thus less 
likely than Caucasians to advocate for tests and treatments (Elder et al., 2010). Older men 
with co-morbidities do not extensively seek information on prostate cancer and its 
treatment, relying more on the technical expertise of health professionals (Nanton et al., 
2009). How do health professionals deal with all these simultaneous and synergistic 
factors? 
The second challenge is twofold: first, it concerns the complexity of the health teaching 
needed for men to become partners in their care; second, it concerns the similarly complex 
health teaching needed for men to become decision-making partners. A prostate cancer 
diagnosis may give a man the opportunity to revisit his life priorities and to learn more 
about health and how to face health threats (Mishel et al., 2002). For this reason, 
promotion of health literacy goes beyond simple provision of information; instead, men’s 
lived experience must be taken into account to facilitate their discovery of health 
information within their unique masculine contexts of living, learning, and applying 
knowledge. Throughout the prostate cancer trajectory, health education will offer men 
reassurance, knowledge, and understanding about how to balance the changes they are 
expected to face.  
For prostate cancer screening, Gaster et al. (2010) suggest an “Ask-Tell-Ask” approach 
that fosters open, interactive dialog between health professionals and men. Ask initiates 
discussion that enables the health professional to explore a man’s need for information; Tell 
provides a patient-focused response by the health professional, tailoring information  to the 
patient’s needs; and Ask allows for reflection and summation of the dialog. This approach 
facilitates therapeutic interaction between health professional and patient, actively focusing 
on the patient’s own perspective and situation. It enables the patient to move beyond 
receiving the information toward understanding, internalizing, reflecting, and ultimately, 
discovering prostate-cancer-care information as it intertwines with sense of himself as a 
person. No matter what the presentation tool (simple paper or Web-based decision-making 
aid), the Ask-Tell-Ask approach engages men in learning about prostate cancer screening 
and making decisions about it (Krist et al., 2007).  
Application of patient-centered care to prostate cancer promotes reciprocation and 
interactivity, allowing patients to be active partners with health professionals in the delivery 
of care. The one-way, linear communication in traditional prostate cancer care is less 
effective in engaging men with their own care (Gaster et al., 2010). Individualized teaching 
may better satisfy men’s knowledge needs. Feldman-Stewart et al. (2009) found that men 
most often asked questions about treatment: first, because of their need to understand and, 
second, because of their desire to make decisions and plan. Even if men living with prostate 
cancer did want a lot of information, the amount of and details of information they asked for 
varied enormously, due to personal reasons. For example, with recent technological 
advances in the treatment of prostate cancer, men have the opportunity to consider various 
treatment options. Open prostatectomy procedures can now be performed by surgeons with 
success rates similar to those with laparascopic or robot-assisted prostatectomy (Lallas & 
Trabulsi, 2010). Despite these options, patients’ feelings of vulnerability when facing 
complex information about treatment options can be overpowering. Health professionals 
ask men with prostate cancer to make life-altering decisions about complex, high-risk 
treatments they know little about. Men are expected to reduce their experience of prostate 
cancer to a simple yes or no consent to treatments. When health professionals focus only on 
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allied to a humanistic approach. However, to provide services that respond to the specific 
needs of men, according to the World Health Organization (2002), professionals need to 
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behaviors, warn that “men today also define their relationships according to 
trustworthiness. For this reason, professionals should learn how to build trusting 
relationships with men, to facilitate a new men’s culture of seeking preventive care for 
diseases that threaten men’s self-identity” (p. 266). Although Kelly (2009) found that 
health professionals acknowledge the need to establish trusting relationships with men 
and aim to overcome communication barriers with them, men in the same study reported 
that not being taught to deal with physical changes after undergoing prostate cancer 
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conclude that men with prostate cancer “are placed in a new life situation, against their 
will” (p. 273). These patients move through their illness experience with feelings of fear and 
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diagnosis and treatment options, patients continue to experience the prostate cancer journey 
as separate silos of care. Patient-centered care is one approach that could reconnect these 
silos into a care continuum. Patient-centered care, which has gained momentum in the last 
two decades, is an approach to providing health care in which the patient is the focal point. 
According to the Picker Institute (2011), the eight guiding principles of professional practice 
in organizations committed to patient-centered care are (a) respect for patients’ values, 
preferences, and expressed needs, (b) coordination and integration of care, (c) information, 
communication, and education, (d) physical comfort, (e) emotional support and alleviation 
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continually cared for not cared with; for instance, professionals present patients with 
complex treatment options, seeking yes or no decisions about life-changing, high-risk 
treatments but allowing little time for men to reflect, learn about, and discuss options. 
Professionals who provide direct care, such as nurses, are faced with the difficult choice of 
dividing their time among a complex array of institutional demands. These other 
priorities ultimately result in less time for teaching their patients about health. 
Professionals are driven by their technical expertise, leading to the transfer of knowledge 
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English tend to complain about disrespect and racial discrimination and are thus less 
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about health and how to face health threats (Mishel et al., 2002). For this reason, 
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knowledge. Throughout the prostate cancer trajectory, health education will offer men 
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cancer to a simple yes or no consent to treatments. When health professionals focus only on 
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outcomes of the procedures, they leave behind the process by which the outcomes are 
achieved. In contrast, men not only focus on the outcomes of care, but more important to 
them, the process of care (Jayadevappa et al., 2010). The way that health professionals 
deliver prostate cancer care can significantly influence men’s active engagement in their care 
(Martinez et al., 2009). Knowledge of disease progression and response to treatments is key 
for men living with advanced or recurrent prostate cancer, because they need instrumental 
knowledge to deal with uncertainty about how long their bodies will be able to respond to 
therapies (Nanton et al., 2009).  
Being a partner in care means being a decision maker. Stacey et al. (2010) report that men 
want more opportunity to decide than they are allowed. Their vehemence remains 
unchanged if they are not offered decision aids or the opportunity to discuss the details of 
treatment with health professionals. This vehemence applies equally to the informed 
consent process, which usually requires more in-depth information and clearer 
explanations to support men’s understanding. Moreover, men want more information on 
potential harms of therapies, since health professionals tend to present more often the 
benefits. As discussed in Section 5.2, men’s partners should be considered in the process 
of decision-making. To include men’s partners, Illingworth et al. (2010) propose that 
health professionals talk to men about their significant others and all spheres of their 
lives. These authors emphasize the central role of men’s interpersonal relationships in 
their experiences with prostate cancer.  
Finally, the last challenge for professionals relates to collaboration within their own 
professions and with other health and social professions. It is known that limited 
professional links between family physicians and urologists erect structural barriers for 
health care delivery to older men (Greene & Adelman, 2003). It is beyond the scope of this 
section to suggest that other members of multidisciplinary cancer-care teams change their 
practice, due to ethical principles. However, we would like to highlight that Zanchetta 
(2004), at the time an oncology nurse interested in health literacy, made some 
recommendations to nurses to counteract misconceptions about older men’s health literacy. 
These recommendations may inspire other professionals. Aiming to awake and enhance 
nurses’ awareness of their opportunity, and responsibility, to expand professional 
knowledge about men’s health literacy, Zanchetta (2004) recommended that nurses (a) be 
aware that functional health literacy is a result of a broad, socially constructed process, 
rather than a set of abilities comprising reading, counting, and recognition of words, (b) be 
particularly attentive to the nature and extension of individual men’s social networks, (c) 
encourage men to collaborate with nurses in creating educational materials, (d) invite 
physicians to co-create educational materials that respond to knowledge gaps and 
misunderstandings about prostate cancer, (e) redesign, with men, innovative strategies to 
communicate others’ experiences with cancer, and (f) record their clinical observations of 
the differences among men’s information behaviors.   
Enhancing the quality of prostate cancer care involves more than advances in science and 
technology. It requires engaging patients in treatment-related decisions and fostering a 
health care environment that facilitates health literacy among patients. The patient-centered 
care approach enables health care professionals to focus on patients as well as their 
significant others, as they journey through the prostate cancer trajectory. Engaging patients 
through patient-centered care allows their collaboration with health care professionals to 
fulfil the goal of caring with the patient. 
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5.4 Reflecting on the complexity of patient-centred care and survival in prostate 
cancer 
Our aim in the following exercise is to present some insights into the complexity of patient 
centred care and men’s experience of prostate cancer literacy as a survival tool. While 
reading each clinical vignette, we suggest that readers consider how difficult it is for men to 
decode medical information in order to make decisions, as well as how challenging it is for 
professionals to promote men’s health and prostate-cancer literacy. 

5.4.1 Clinical vignettes 
 Juan, a 49-year-old elementary school teacher, comes into the clinic for a follow-up 

appointment with his urologist/oncologist after undergoing a prostatectomy and 
radiation therapy. He has been having his PSA level monitored regularly since he 
was diagnosed and underwent surgery and treatment. Juan’s doctor tells him that his 
PSA level remains unchanged following radiation therapy and that they will continue 
to monitor it over time. Juan is not satisfied with this report and wants the doctor to 
tell him conclusively whether his cancer is cured. The doctor responds that time will 
tell.  

 Hassan, a 55-year-old car salesman, is diagnosed with prostate cancer. His urologist 
discusses possible treatment options, including surgery and radiation. Hassan was 
recently remarried, to a much younger woman, and explains that their sex life is quite 
active. They have been discussing the possibility of having a baby. Hassan is concerned 
that prostate-cancer treatment could lead to erectile dysfunction, which could end his 
happy, active sex life. He is unwilling to take a chance that his sex life will be affected 
and that he could jeopardize his chance of having a baby with his new wife. 

 Roberto, a 45 year-old Crown attorney, receives a diagnosis of prostate cancer. He is 
devastated. His father died of advanced prostate cancer at the age of 55. Roberto reports 
that he has a strong faith in God and that he plans on praying for a miracle. He refuses 
any and all treatment that is offered to him, because he believes that, through prayer, he 
will be healed. Roberto’s physician attempts to convince him that, if he refuses 
treatment, he risks the same outcome as his father. The physician tells Roberto that, 
because he is a young man and the cancer was detected early, the outcome could be 
favorable if he considers treatment. 

5.4.2 Reflection questions 
 What factors contribute to men’s difficulty in understanding prostate cancer 

information and utilizing the health care system? 
 What impact can men’s experience of prostate cancer have on significant others, and 

how can that impact be attenuated by new professional attitudes and practices? 
 What changes in professional practice relating to prostate cancer literary will 

acknowledge the importance of different perceptions of masculinity? 
 How could education, social, and health professionals collaborate to develop age- and 

gender-appropriate, sensitive educational tools? 
 How do you foresee education about prostate cancer focusing on aspects of men’s lives 

other than sexuality? 
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outcomes of the procedures, they leave behind the process by which the outcomes are 
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treatment with health professionals. This vehemence applies equally to the informed 
consent process, which usually requires more in-depth information and clearer 
explanations to support men’s understanding. Moreover, men want more information on 
potential harms of therapies, since health professionals tend to present more often the 
benefits. As discussed in Section 5.2, men’s partners should be considered in the process 
of decision-making. To include men’s partners, Illingworth et al. (2010) propose that 
health professionals talk to men about their significant others and all spheres of their 
lives. These authors emphasize the central role of men’s interpersonal relationships in 
their experiences with prostate cancer.  
Finally, the last challenge for professionals relates to collaboration within their own 
professions and with other health and social professions. It is known that limited 
professional links between family physicians and urologists erect structural barriers for 
health care delivery to older men (Greene & Adelman, 2003). It is beyond the scope of this 
section to suggest that other members of multidisciplinary cancer-care teams change their 
practice, due to ethical principles. However, we would like to highlight that Zanchetta 
(2004), at the time an oncology nurse interested in health literacy, made some 
recommendations to nurses to counteract misconceptions about older men’s health literacy. 
These recommendations may inspire other professionals. Aiming to awake and enhance 
nurses’ awareness of their opportunity, and responsibility, to expand professional 
knowledge about men’s health literacy, Zanchetta (2004) recommended that nurses (a) be 
aware that functional health literacy is a result of a broad, socially constructed process, 
rather than a set of abilities comprising reading, counting, and recognition of words, (b) be 
particularly attentive to the nature and extension of individual men’s social networks, (c) 
encourage men to collaborate with nurses in creating educational materials, (d) invite 
physicians to co-create educational materials that respond to knowledge gaps and 
misunderstandings about prostate cancer, (e) redesign, with men, innovative strategies to 
communicate others’ experiences with cancer, and (f) record their clinical observations of 
the differences among men’s information behaviors.   
Enhancing the quality of prostate cancer care involves more than advances in science and 
technology. It requires engaging patients in treatment-related decisions and fostering a 
health care environment that facilitates health literacy among patients. The patient-centered 
care approach enables health care professionals to focus on patients as well as their 
significant others, as they journey through the prostate cancer trajectory. Engaging patients 
through patient-centered care allows their collaboration with health care professionals to 
fulfil the goal of caring with the patient. 
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5.4 Reflecting on the complexity of patient-centred care and survival in prostate 
cancer 
Our aim in the following exercise is to present some insights into the complexity of patient 
centred care and men’s experience of prostate cancer literacy as a survival tool. While 
reading each clinical vignette, we suggest that readers consider how difficult it is for men to 
decode medical information in order to make decisions, as well as how challenging it is for 
professionals to promote men’s health and prostate-cancer literacy. 

5.4.1 Clinical vignettes 
 Juan, a 49-year-old elementary school teacher, comes into the clinic for a follow-up 

appointment with his urologist/oncologist after undergoing a prostatectomy and 
radiation therapy. He has been having his PSA level monitored regularly since he 
was diagnosed and underwent surgery and treatment. Juan’s doctor tells him that his 
PSA level remains unchanged following radiation therapy and that they will continue 
to monitor it over time. Juan is not satisfied with this report and wants the doctor to 
tell him conclusively whether his cancer is cured. The doctor responds that time will 
tell.  

 Hassan, a 55-year-old car salesman, is diagnosed with prostate cancer. His urologist 
discusses possible treatment options, including surgery and radiation. Hassan was 
recently remarried, to a much younger woman, and explains that their sex life is quite 
active. They have been discussing the possibility of having a baby. Hassan is concerned 
that prostate-cancer treatment could lead to erectile dysfunction, which could end his 
happy, active sex life. He is unwilling to take a chance that his sex life will be affected 
and that he could jeopardize his chance of having a baby with his new wife. 

 Roberto, a 45 year-old Crown attorney, receives a diagnosis of prostate cancer. He is 
devastated. His father died of advanced prostate cancer at the age of 55. Roberto reports 
that he has a strong faith in God and that he plans on praying for a miracle. He refuses 
any and all treatment that is offered to him, because he believes that, through prayer, he 
will be healed. Roberto’s physician attempts to convince him that, if he refuses 
treatment, he risks the same outcome as his father. The physician tells Roberto that, 
because he is a young man and the cancer was detected early, the outcome could be 
favorable if he considers treatment. 

5.4.2 Reflection questions 
 What factors contribute to men’s difficulty in understanding prostate cancer 

information and utilizing the health care system? 
 What impact can men’s experience of prostate cancer have on significant others, and 

how can that impact be attenuated by new professional attitudes and practices? 
 What changes in professional practice relating to prostate cancer literary will 

acknowledge the importance of different perceptions of masculinity? 
 How could education, social, and health professionals collaborate to develop age- and 

gender-appropriate, sensitive educational tools? 
 How do you foresee education about prostate cancer focusing on aspects of men’s lives 

other than sexuality? 
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6. Conclusion 
In this chapter, we presented a multidisciplinary view of men’s health literacy in prostate 
cancer, drawing from the disciplines of medical anthropology, education, and nursing. We 
intended to expand readers’ vision of health literacy beyond measurable personal skills 
toward a view of health literacy as a personal asset that individuals build throughout social 
interactions within the multiples spheres of their lives. We also intended to portray men’s 
experience of prostate cancer as an experience that goes beyond failures and improvement 
in sexual performance to a much broader and more significant masculine experience. Health 
literacy for older men with prostate cancer can preserve their moral integrity, social identity, 
and self-perception of masculinity. Health education for men with prostate cancer should 
expand their awareness of health challenges, guide them in correctly interpreting prostate 
cancer information, and create new ways of enjoying life after prostate cancer. Uncertainties, 
challenges, and doubts are shared with significant others, who may also have difficulty 
talking openly about the impacts of prostate cancer, present and future, on the men they 
love and care for. For this reason, significant others should also be educated about prostate 
cancer. To create collaboration among men, health educators, social and health 
professionals, and significant others to improve men’s prostate cancer literacy, it will be 
necessary to redesign current communication approaches. Communication needs to be 
innovative, creative, and sensitive to men’s social networks, age, cultures, general literacy, 
and, of course, gender. Men differ in the way they understand and live their own 
masculinity. Not all men are equally health literate; health literacy depends on the collective 
project of health education. The kind of prostate cancer literacy that we envision is one that 
will liberate men from any sense of powerlessness and hopelessness, enabling men to 
transcend any limitations imposed by prostate cancer.  
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cancer information, and create new ways of enjoying life after prostate cancer. Uncertainties, 
challenges, and doubts are shared with significant others, who may also have difficulty 
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1. Introduction 
The Prostate Specific Membrane Antigen (PSMA) is considered to be the most well 
established target antigen in prostate cancer, since it is highly and specifically expressed at 
all tumor stages on the surface of prostate tumor cells. This chapter outlines the structure, 
function, and expression of PSMA, its relevance as prognostic and diagnostic biomarker, 
and different therapeutic approaches targeting this antigen. 

2. The Prostate Specific Membrane Antigen (PSMA) 
2.1 Structure, function and expression 
PSMA, also known as Glutamate Carboxypeptidase II (GCPII, EC 3.4.17.21), N-acetyl-α-linked 
acidic dipeptidase I (NAALADase) or folate hydrolase, is a type II transmembrane protein, 
which is anchored in the cell membrane of prostate epithelial cells (Carter et al., 1996; Pinto et 
al., 1996). In 1998, the gene encoding PSMA was mapped to chromosome 11p11-p12, where it 
encompasses 19 exons spanning about 60 kb of genomic DNA (O'Keefe et al., 1998). The 
cDNA of PSMA codes for a glycoprotein of 750 amino acids (aa) with a molecular mass of 
about 100 kDa. The protein is partitioned into a small intracellular domain of 19 aa, a 
transmembrane domain of 21 amino acids, and a large extracellular domain of 707 aa. 
Crystallization data revealed that the extracellular domain of PSMA folds into three distinct 
structural and functional domains: a protease domain (aa 56-116), an apical domain (aa 117-
351), and a C-terminal domain (aa 592-750). Furthermore, it was shown that PSMA is 
expressed as a compact homodimer, which is highly glycosylated with oligosaccharides 
accounting up to 25% of the molecular weight (Davis et al., 2005; Mesters et al., 2006).  
PSMA contains a binuclear zinc site and can act as glutamate carboxypeptidase or folate 
hydrolase, catalyzing the hydrolytic cleavage of glutamate from poly-γ-glutamated folates 
(Ghosh & Heston, 2003). Therefore, PSMA is thought to play a role in the folate metabolism 
of the prostate. This hypothesis is supported by recent studies, where PSMA expression 
correlated with proliferation and folate uptake of PSMA transfected cells (Yao & Bacich, 
2006; Yao et al., 2009). 
In contrast to other prostate-related antigens, like prostate specific antigen (PSA), prostate 
acidic phosphatase (PAP) or prostate secretory protein (PSP), PSMA is not secreted into 
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circulation. Instead of that, PSMA undergoes constitutive internalization, which is about 
threefold enhanced after antibody binding (Liu et al., 1998). It is therefore suggested that 
PSMA has transport function and that anti-PSMA antibodies might act as surrogates for a 
yet unknown ligand. The endocytic pathways of PSMA after antibody binding were 
specified in a recent study and comprise clathrin-mediated endocytosis, macropinocytosis, 
and clathrin-, calveolae-independent endocytosis (Liu et al., 2009b). 
To examine the PSMA expression in the prostate, immunohistochemical analyses were 
performed.  In a study with prostate tissue specimen from 184 patients with prostate cancer, 
the percentage of PSMA positive stained cells averaged about 69.5% (range 20%-90%) in the 
benign epithelium, 77.9% (range 30-100%) in high grade prostatic intraepithelial neoplasia 
(PIN) and was highest in adenocarcinomas with a mean of 80.2% (range 30-100%). In 
contrast, tumor stroma, urothelium, normal vasculature and, with rare exceptions, basal 
cells were PSMA negative (Bostwick et al., 1998). Other immunohistochemical studies 
demonstrated a heterogeneous, weak to moderate staining of normal prostate epithelial 
cells, and a homogeneous, extensive staining of prostate adenocarcinomas and metastases 
(Silver et al., 1997; Wolf et al., 2010a).  
PSMA expression is highly organ specific. An extraprostatic expression was only detected in 
secretory cells of the salivary glands (Israeli et al., 1994; Troyer et al., 1995; Wolf et al., 
2010a), in cryptic cells of the duodenal brush border (Chang et al., 1999; Wolf et al., 2010a), 
and in a subset of proximal renal tubules (Liu et al., 1997; Silver et al., 1997; Chang et al., 
1999). In some studies, an additional expression was found in the brain and in the colon, but 
these results are controversially discussed (Troyer et al., 1995; Silver et al., 1997; Chang et al., 
1999; Sacha et al., 2007). Nonetheless, potential side effects of anti-PSMA therapeutics 
against PSMA expressing normal organs were not described until today. 
Interestingly, PSMA is also discussed as an unique anti-angiogenetic target, since it is 
expressed in the neovascularization of numerous solid tumors (bladder, kidney, breast, 
pancreas, lung, melanoma), but not in normal blood vessels (Liu et al., 1997; Chang et al., 
1999; Chang et al., 2001; Baccala et al., 2007). In this respect, it was found that PSMA 
regulates cell invasion and tumor angiogenesis by modulating integrin signal transduction 
in endothelial cells (Conway et al., 2006). 

2.2 PSMA as prognostic and diagnostic biomarker 
Generally, prostate carcinoma tissues show a higher PSMA expression and an increased 
enzymatic activity of PSMA compared with normal prostate and benign prostate 
hyperplasia (BPH) tissues (Lapidus et al., 2000; Burger et al., 2002). Therefore, the 
question was raised, if PSMA might serve as a valuable biomarker for the management of 
prostate cancer. 
Indeed, in different studies a direct correlation between PSMA expression and the 
Gleason score, which is used for the staging of prostate cancer, was determined for 
adenocarcinomas (Su et al., 1995; Kawakami & Nakayama, 1997; Burger et al., 2002). 
Moreover, an upregulation of PSMA was shown in tumor cells of patients with hormone-
refractory prostate cancer (Wright et al., 1996; Kawakami & Nakayama, 1997). In a study 
with tissue specimen from 136 patients it was demonstrated that PSMA can serve as a 
prognostic biomarker, because it significantly correlates with adverse prognostic factors, 
like tumor grade, pathological stage, aneuploidy, and biochemical recurrence, and 
therefore independently predicts disease outcome (Ross et al., 2003).  
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Recently, a new splice variant (PSM-E) was described, which is specifically overexpressed in 
prostate carcinomas and which correlates with the Gleason score (Cao et al., 2007). PSM-E, 
which is expressed in the cytoplasm, could account for the lack of correlation between 
histological positive staining of anti-PSMA antibodies with clinical grade (stage) 
(Mannweiler et al., 2009). 
Despite of such controversies, it is apparent that the enhanced expression and enzymatic 
activity of PSMA in aggressive prostate tumors is indicative of a selective advantage on the 
part of cells expressing it and that it contributes to prostate carcinogenesis. 
PSMA was found to associate with the anaphase-promoting complex and to induce 
chromosomal instability (Rajasekaran et al., 2008). Moreover, PSMA favoured prostate 
cancer development in a permissive folate environment (Yao & Bacich, 2006; Yao et al., 
2009). One mechanism by which PSMA contributes to prostate tumor growth is its ability to 
activate IL-6 and CCL5 synthesis. These cytokines acted synergistically to enhance the 
growth of LNCaP cells by activating the MAPK pathway (Colombatti et al., 2009). 
Taken together, assessment of PSMA levels, either alone or in combination with PSA status, 
might prove useful in future for the diagnosis of metastatic prostate cancer, risk assessment, 
and the prognosis of disease outcome. 

2.3 PSMA as therapeutic target 
Specific characteristics of PSMA concerning its structure, function and expression make it an 
ideal candidate as a target antigen for the treatment of advanced prostate cancer. (1) Its high 
and specific expression on the prostate cancer cell surface and the fact that it is not shed into 
the circulation allows an effective systemic delivery of PSMA targeting therapeutics. (2) Its 
high organ specificity leads to a minimal binding of anti-PSMA drugs to normal organs and 
therefore to a maximal reduction of potential side effects. (3) Its expression at all tumor 
stages enables a therapeutic intervention at any time of the disease. (4) Its internalization 
after ligand binding can be used for the targeted delivery of intracellular acting drugs. (5) Its 
enzymatic activity allows the cleavage of prodrugs to active molecules on the surface of 
prostate cancer cells. 
Many preclinical and clinical studies were performed in the last years, which used PSMA as 
target antigen. They include radioimmunotherapy, the use of immunotoxins, targeted 
virotherapy, retargeting of immune cells, PSMA vaccination, prodrug activation, 
photodynamic therapy, and PSMA targeting nanoparticles. 

2.3.1 Anti-PSMA radioimmunotherapy 
Radioimmunoconjugates generally consist of an antibody moiety as target domain coupled 
to a therapeutic radionuclide (alpha- or beta-particle) with the biologic effect of high linear 
energy transfer (LET) radiation. Compared to conventional radiotherapy, 
radioimmunoconjugates allow the targeted delivery of reduced radiation doses to the 
tumor, which ideally leads to a reduction of side effects. Moreover, the radiation of a 
radioimmunoconjugate is not restricted to cells presenting the target antigen. It also affects 
neighboring cells with a heterogeneous antigen expression or insufficient vascularization, 
which is so called “bystander effect” (Rzeszowska-Wolny et al., 2009). 
An initial immunoscintigraphic approach targeting PSMA was done with the 111Indium 
(111In) labeled anti-PSMA monoclonal antibody 7E11 (Capromab Pendetide (Prosta Scint®), 
Cytogen, Philadelphia, PA) (Kahn et al., 1994; Sodee et al., 1996; Kahn et al., 1998). With this 
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which is so called “bystander effect” (Rzeszowska-Wolny et al., 2009). 
An initial immunoscintigraphic approach targeting PSMA was done with the 111Indium 
(111In) labeled anti-PSMA monoclonal antibody 7E11 (Capromab Pendetide (Prosta Scint®), 
Cytogen, Philadelphia, PA) (Kahn et al., 1994; Sodee et al., 1996; Kahn et al., 1998). With this 
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radioimmunoconjugate a higher sensitivity was reached in the imaging of prostate cancer 
soft tissue metastases compared to Computed Tomography (CT) or Magnetic Resonance 
Tomography (MRT) (Murphy et al., 1998). Therefore, Prosta Scint® received approval from 
the U.S. Food and Drug Administration (FDA) for the detection and imaging of prostate 
cancer soft tissue metastases (Rosenthal et al., 2001). The reason, why Prosta Scint® is only 
suitable for the detection of soft tissue metastases, is based on the fact that the 7E11 antibody 
recognizes an intracellular epitope of PSMA. Therefore, it can not bind to viable tumor cells, 
but only to PSMA molecules in damaged, dead or dying cells. Lymph node or bone 
metastatic lesions tend to be relatively small and do not characteristically own a high 
percentage of apoptotic or necrotic cells. Indeed, in a radioimmunotherapeutic trail with the 
90Yttrium-(90Y) labeled 7E11, no objective or biochemical remissions could be measured (Deb 
et al., 1996; Kahn et al., 1999). 
Therefore, monoclonal antibodies, which bind to the extracellular domain of PSMA, were 
used for the construction of radioimmunoconjugates in subsequent studies. Three anti-
PSMA antibodies, called 3/A12, 3/E7, and 3/F11, which recognize different extracellular 
epitopes, were labeled with 64Copper (64Cu) and used for Positron Emission Tomography 
(PET) imaging of human prostatic tumors in the SCID mouse xenograft model. Whereas 
excellent tumor uptakes of all antibodies between 31.6 and 35.1%ID/g were measured in 
tumors of the PSMA expressing androgen-independent LNCaP subline C4-2, only activities 
at background levels were detected in PSMA negative DU 145 control xenografts (Elsasser-
Beile et al., 2009; Alt et al., 2010). In a first preclinical experiment, the antibody 3/F11 was 
labeled with the beta particle emitter 177Lutetium (177Lu) and was used for the 
radioimmunotherapy of mice bearing C4-2 tumors xenografts. Biodistribution studies 
revealed a tumor to muscle ratio of more than 70 and a tumor to blood ratio of more than 4.5 
after 72 h. Treatment of mice with the conjugate resulted in tumor growth inhibition and in 
a more than 2-fold enhanced survival after application of a single dose of 1 MBq. However, 
in this study the therapeutic window was small, because mice treated with a dose of 2 MBq 
apparently died of myelotoxicity (Behe et al., 2011).  
Another panel of antibodies binding to extracellular PSMA (J415, J533, and J591) was tested 
in preclinical and clinical trials for radioimmunotherapy. J591 was labeled with the alpha 
particle emitter 213Bismuth (213Bi), which is well suited for the radiation of single cell 
neoplasms and micrometastases in a range between 0.07 and 0.1 mm. [213Bi]J591 caused a 
high cytotoxicity against LNCaP cells in vitro. In vivo, a significant improvement of tumor 
free survival in nude bearing LNCaP tumors was reached, which was accompanied by a 
significant reduction of PSA serum levels (McDevitt et al., 2000). In another study, the 
biodistribution of the 131Iod (131I) labeled antibodies J591, J415, and 7E11 was examined. 
High tumor uptakes were measured with all antibodies in LNCaP tumor xenografts, which 
were up to 20-fold higher than in PSMA negative DU 145 or PC-3 tumors. Autoradiographic 
studies showed that the extracellular binding antibodies J415 and J591 preferentially 
recognized areas of viable tumor cells, whereas the intracellular binding antibody 7E11 
mainly detected necrotic tumor areas (Smith-Jones et al., 2003). 
The antibody J591 was chosen for further radioimmunotherapeutic experiments. To reduce 
a possible immunogenicity of the mouse antibody in prostate cancer patients, J591 was 
humanized by site directed mutagenesis of putative B- and T-cell epitopes of the variable 
domains and by exchanging the mouse constant domains into human ones. The humanized 
antibody J591 (huJ591) was then labeled with 131I and 90Y. Doses of 3.7 to 11.1 MBq 131I-hu591 
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and of 3.7 to 4.7 MBq 90Y-hu591 led to a reduction of mean tumor volumes between 15 and 
90% in nude mice bearing LNCaP tumors. Additionally, both radioimmunoconjugates 
effected an 2 to 3-fold increase of median survival relative to untreated controls 
(Vallabhajosula et al., 2004).  
In a first phase I clinical trail, prostate cancer patients initially received the 111In-labeled 
huJ591 for immunoscintigraphy followed by application of 90Y-huJ591 for therapy. With 
111In-huJ591 total body images demonstrated a significant metabolism of the 
radioimmunoconjugate in the liver and to a lesser extend in the kidneys and spleen. 
Additionally, bone and soft tissue metastases were efficiently targeted. One week later, 
90Y-huJ591 was applicated and a maximal tolerated dose (MTD) of 17.5 mCi/m² could be 
determined. PSA stabilisation was noted in 6/29 patients and 2 patients showed a PSA 
decline of 70 and 85% lasting 8 and 8.6 months, respectively (Milowsky et al., 2004). Another 
cohort of 35 patients received 177Lu-labeled huJ591 at doses between 10 and 75 mCi/m². 
Blood and urinary pharmacokinetics were similar to those of 90Y-huJ591. But the MTD of 
70 mCi/m² was about 4-fold higher. Patients treated with 75 mCi/m² 177Lu-huJ591 
developed grade 3 and 4 thrombocytopenia and grade 4 neutropenia, but retreatment with 
30 mCi/m² was well tolerated. In 4 patients a PSA decline of more than 50% and in 16 
patients a PSA stabilisation was noted (Milowsky et al., 2004). In both clinical trials with 
radiolabeled huJ591 myelosuppression was dose-limiting. Whereas no clear correlation 
between myelotoxicity and therapeutic dose was determined for 90Y-huJ591, myelotoxicity 
and especially thrombocytopenia correlated well with the applicated doses and the bone 
marrow doses for 177Lu-huJ591 (Vallabhajosula et al., 2005). 
To verify PSMA as a target for an anti-angiogenesis therapy, 111In-huJ591 was used for the 
imaging of known metastases in patients with different solid tumors. Indeed, this 
radioimmunoconjugate showed a high uptake in metastases of 7/10 kidney cancer 
patients, 4/4 colon carcinoma patients, 3/3 lung cancer patients, 3/3 pancreatic cancer 
patients, 1/3 bladder cancer patients, 2/3 breast cancer patients, and 1/1 melanoma 
patient (Milowsky et al., 2007).  

2.3.2 Anti-PSMA immunotoxins 
PSMA was also used as a target for the generation of immunotoxins against prostate cancer. 
Immunotoxins are constructs, where a PSMA binding domain (antibody, antibody 
fragment, RNA aptamer, peptide) is coupled to a toxin domain. The toxin domain is 
targeted by the PSMA binding domain to the prostate cancer cell and is cytotoxic after 
internalization.  
Ricin from Ricinus communis acts as a very common toxin for the construction of 
immunotoxins. It consists of the ricin A chain and the ricin B chain held together by a 
disulfide bond. The ricin A chain is the enzymatically active subunit, which inactivates the 
protein biosynthesis machinery by irreversible hydrolysis of the N-glycosidic bond of an 
adenine (A4324) within the 28S rRNA. The ricin B chain binds ubiquitous to cell surface 
structures and facilitates membrane translocation and intracellular trafficking of the ricin A 
chain (Sandvig et al., 2002).  
The first generation of anti-PSMA immunotoxins was made by chemically coupling of anti-
PSMA antibodies to ricin A. An immunotoxin consisting of J591 and ricin A elicited a 50% 
reduction in cell viability (IC50) of LNCaP cells at a concentration of about 265 pM and 
showed a more than 5000-fold potentation of cytotoxicity compared to the unconjugated 
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ricin A chain (Fracasso et al., 2002). For another ricin A-based immunotoxin with the rat 
monoclonal antibody E6 an IC50 value of 60 pM was measured. Additionally, a significant 
inhibition of LNCaP tumor growth in the mouse xenograft model was reached with this 
molecule (Huang et al., 2004).  
In a recent study, the humanized antibody huJ591 was linked to the plant toxin saporin. 
Saporin is produced is seeds and leaves of the plant Saponaria officinalis and belongs to class I 
ribosome inactivating proteins. With the saporin-based immunotoxin, a percentage of 60.3% 
apoptotic cells and an IC50 value of 140 pM was determined on LNCaP cells after 72 h 
incubation. Furthermore, a significant inhibition of tumor growth was measured in the LNCaP 
tumor xenograft model. However, due to its high molecular weight of about 280 kDa, the 
immunotoxin is thought to have a high immunogenicity and a limited diffusion into tumor 
tissues. Therefore, further development is focused on saporin-based constructs of smaller 
size less inherent immunogenicity (Kuroda et al., 2010). 
The anti-PSMA antibody J591 was also used for the construction of an immunotoxin 
containing the melittin-like peptide 101 from honey bee (Apis mellifera) venom. This construct 
successfully inhibited the growth of LNCaP-LN3 tumors and led to a slight improvement of 
the median survival of treated mice. However, the high affinity of peptide 101 to lipid bilayer 
membranes also led to a high non-specific cytotoxicity (Russell et al., 2004). 
A further immunotoxin was generated by coupling huJ591 to the chemotherapeutic drug 
maytansinoid 1 (DM1) (Henry et al., 2004), which is a microtubule-depolymerizing analogue 
of maytansine (Chari et al., 1992). Maytansine is a naturally occurring ansa macrolide and 
was evaluated as a chemotherapeutic agent in the 1970s and 1980s. Unfortunately, 
maytansine caused severe, dose-limiting gastrointestinal and central neurological toxicities 
and was therefore not developed further (Blum et al., 1978). With the DM1-based anti-PSMA 
immunotoxin, called MLN2704, a growth delay of CWR22Rv1 tumor xenografts of more 
than 100 days was achieved at an optimized dosage schedule of 60 mg/kg every 14 days 
(Henry et al., 2004). MLN2704 was also tested in a clinical phase I trial in 9 patients with 
prostate cancer. Two of these patients, treated with 264 or 343 mg/m² immunotoxin 
respectively, had a more than 50% decrease in their PSA serum level. Additionally, the 
patient treated with 264 mg/m² showed a measurable tumor regression (Galsky et al., 2008). 
In another approach, a fully human anti-PSMA antibody was generated in transgenic mice 
and was conjugated to monomethylauristatin E (MMAE), which is a potent inhibitor of 
tubulin polymerization. With this construct IC50 values of 83 pM on LNCaP cells and of 
65 pM on C4-2 cells could be determined. Furthermore, a significant improvement of the 
median survival of tumor bearing mice 9-fold relative to the controls was reached without 
any signs of toxicity. Interestingly, 2/5 animals treated with a maximal dose of 6 mg/kg 
immunotoxin had no detectable tumor or measurable PSA at day 500 and could therefore 
considered as cure (Ma et al., 2006).  
Obstacles of chemically conjugated immunotoxins to be optimal therapeutic agents 
comprise a high immunogenicity, a possible influence of chemical modifications on antigen 
binding, and inhomogeneous preparations. This can, at least in part, be overcome by second 
generation, recombinant immunotoxins. 
For the construction of the first recombinant immunotoxin against PSMA, an anti-PSMA 
single chain antibody fragment (scFv), consisting of one variable domain of the heavy chain 
(VH) and one variable domain of the light chain (VL) connected by a flexible linker, was 
generated from the monoclonal antibody 3/A12 by phage display. This scFv was called A5. 
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As toxin domain, the truncated form of Pseudomonas exotoxin A (PE40), consisting of the 
transmembrane domain and the enzymatically active domain of the toxin, was used. The 
virulence factor Pseudomonas Exotoxin A from the human pathogenic bacterium 
Pseudomonas aeruginosa is able to ADP-ribosylate the eukaryotic elongation factor 2 (eEF-2) 
of a target cell, which leads to the inhibition of protein biosynthesis and finally to apoptosis 
(Wolf & Elsasser-Beile, 2009). The bacterially expressed anti-PSMA immunotoxin, called A5-
PE40, specifically bound to prostate cancer cells with IC50 values in the low pM range. 
Moreover, it induced a significant growth inhibition of C4-2 tumors in the SCID mouse 
xenograft model (Wolf et al., 2006; Wolf et al., 2008).  
A similar immunotoxin was recently generated by using the scFv D7 from the anti-PSMA 
antibody 3/F11. This immunotoxin, termed D7-PE40, also showed a high binding to C4-2 
cells and led to a significant growth inhibition of subcutaneously implanted tumors. In 
toxicity studies, D7-PE40 was well tolerated in mice at single, but at higher doses the 
immunotoxin was lethal. Blood analyses indicated that the death of the animals was based 
on a severe hepatotoxicity, which was marked by increased aspartate transaminase (AST) 
and alanine transaminase (ALT) serum levels. Histopathological examinations revealed a 
marked damage of the hepatic parenchyma with disappearance of sinusoidal structures 
based on apoptosis and vacuolar degeneration of hepatocytes (Wolf et al., 2010b). 
Hepatotoxicity is a very common side effect of Pseudomonas Exotoxin A based 
immunotoxins and is presumably attributed to a TNF-alpha release of Kupffer cells (Onda et 
al., 1999). Different strategies are therefore under investigation to reduce the hepatotoxicity, 
e.g. by PEGylation or lowering of the isoelectric points of the immunotoxins (Onda et al., 
2001). Another main research comprises the reduction of the immunogenicity by elimination 
of immunodominant B-cell epitopes (Onda et al., 2006).   
Alternatively to antibodies or antibody fragments, RNA aptamers can be used for the 
construction of immunotoxins, which are considered to be advantageous with respect to a 
higher stability, ease of synthesis and lower production costs. One immunotoxin was 
constructed by coupling of an anti-PSMA RNA aptamer to the plant toxin gelonin from 
Gelonium multiflorum, which has high N-glycosidase activity on the 28S RNA unit of 
eukaryotic ribosomes. This molecule was found to be toxic against prostate cancer cells with 
an IC50 value of 27 nM (Onda et al., 2006). 
Recently, a chemical ligand, termed 2-[3-(1,3-dicarboxypropyl)ureido] pentanedioic acid 
(DUPA), was synthesized that selectively binds to PSMA (Kularatne et al., 2010). After 
coupling to different chemotherapeutic drugs, this molecule was capable to mediate the 
targeted killing of LNCaP cells (Kularatne et al., 2010). 

2.3.3 Targeted virotherapy 
In a recent study, measles viruses of a live attenuated strain were used for a targeted anti-
PSMA virotherapy (Liu et al., 2009a). Measles viruses are very effective against a variety of 
tumor types, including prostate cancer (Blechacz & Russell, 2008; Msaouel et al., 2009). 
Generally, measles viruses infect host cells via one of two measles receptors, CD64 or SLAM. 
CD64 is ubiquitously present on the surface of human cells, whereas SLAM is expressed on 
immune cells. The viruses take their oncolytic effect by induction of an extensive 
intracellular fusion between infected cells and neighboring cells to form non-viable 
multinucleated structures (syncytia). For the construction of the virotherapeutic conjugate, 
called MVG-αPSMA, the anti-PSMA antibody huJ591 was coupled to a coat protein of 
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called MVG-αPSMA, the anti-PSMA antibody huJ591 was coupled to a coat protein of 
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measles virus, in which alanine substitutions of specific residues ablated the viral interaction 
with CD64 and SLAM. After propagation and infection, a MVG-αPSMA mediated 
cytopathic killing of PSMA expressing LNCaP and PC3/PIP cells was detected. Moreover, a 
regression or growth inhibition of tumor xenografts could be achieved (Msaouel et al., 2009). 
A crucial obstacle for a future clinical use of MVG-αPSMA could be pre-existing anti-viral 
antibodies in patients, who have been vaccinated or infected by wild type measles viruses. 
These antibodies might quickly neutralize the virus domain after application. Therefore, 
efforts are undertaken to circumvent the problem, e.g. by intratumoral application of the 
construct, by hiding the virus in cell carriers, or by the use of immunosuppressive drugs to 
dampen the patient’s immune response (Liu et al., 2009a). 

2.3.4 Retargeting of immune cells 
The therapeutic concept of immune cell retargeting comprises the activation of T 
lymphocytes for the targeted cytolysis of tumor cells. For the retargeting of prostate cancer 
cells via PSMA, two strategies were pursued: the construction of diabodies and the 
generation of fusion receptors. 
Generally, diabodies for T cell retargeting consist of two antibody domains. One domain 
binds to the tumor antigen and the other one to a T cell activating antigen. The diabody 
builds a bridge between the tumor cell and the immune effector cell, which then triggers the 
cytotoxic responses that include perforin and granzyme release.  
Anti-PSMA diabodies were constructed by fusing the anti-PSMA scFvs A5 or D7 to a scFv 
against the CD3 T cell receptor. With these constructs, a retargeting of CD4+ and CD8+ 
blood lymphocytes with subsequent lysis of C4-2 cells was obtained. Moreover, a significant 
inhibition of C4-2 tumor growth could be achieved (Buhler et al., 2008; Buhler et al., 2009; 
Fortmuller et al., 2011).  
A fusion receptor targeting PSMA, also referred to as chimeric antigen receptor (CAR), was 
generated by coupling an anti-PSMA scFv to the zeta-chain of the CD3 T-cell receptor. The 
CAR can be expressed at the surface of CAR-transfected T cells. Then the CAR can recruit 
and activate the T cell by binding to PSMA. This mechanism is independent of a human 
leukocyte antigen expression. Using CAR transfected peripheral blood lymphocytes, a 
specific killing of PSMA-expressing prostate cancer cells and an elimination of 
orthotopically or subcutaneously implanted PSMA-positive tumors was reached (Gade et 
al., 2005). In a subsequent study, the effects of CAR could be optimized by adding combined 
CD28 and 4-1BBL costimulatory signaling domains. With this strategy, an enhanced 
cytokine release, a higher in vivo T cell survival, and an enhanced anti-tumor activity could 
be measured in tumor bearing SCID mice (Zhong et al., 2010). 
A similar fusion receptor against PSMA, designated as chimeric immunoglobulin T-cell 
receptor (IgTCR), was also used for the retargeting of immune cells. IgTCR consists of an 
anti-PSMA scFv from the monoclonal antibody 3D8 and a signaling portion of the CD3 zeta 
chain. IgTCR transfected T-cells were activated after PSMA binding, which was followed by 
cytokine release and specific lysis of the prostate cancer cells. Additionally, this molecule 
showed a high anti-tumor activity in a mouse xenograft model (Ma et al., 2004).  

2.3.5 PSMA vaccination 
Vaccination with PSMA peptides, which aims for boosting the patient’s immune response 
against PSMA expressing tumor cells, represent another weapon in the battle against 
prostate cancer. One approach utilizes the patient’s dentritic cells (DCs), to present PSMA 
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peptides in association with the MHC class I peptide complex to naïve cytotoxic T 
lymphocytes (CTL) (Melief, 2008). For DC preparation, patients were leucophoresed, and 
peripheral blood mononuclear cells (PBMCs) were isolated. Adherent cells were 
differentiated with GM-CSF and IL-4. Then the obtained DCs were pulsed with recombinant 
PSMA peptides, which were identified in function of their ability to recruit CTLs and to be 
recognized as CTL targets. In a first phase I/II clinical trial involving 33 prostate cancer 
patients, 9 partial responders were identified with an average response duration of 225 days 
(Tjoa et al., 1998). In a phase II study, 2/33 patients with hormone refractory metastatic 
disease showed a complete response and another 6 patients a partial response (Murphy et 
al., 1999). In another clinical trial with 37 patients, one complete and 10 partial responses 
were identified (Salgaller et al., 1998; Tjoa et al., 1999).  
Two subsequent protocols used DCs to present a PSMA peptide in combination with 
peptides from other tumor antigens to treat hormone-refractory patients. In one study, CTL 
responses and transient decline of serum PSA was observed in 4/8 patients, who received 4 
intradermal vaccinations every other week (Fuessel et al., 2006). In the other study, 3 
patients were administered with 6 vaccines intradermally at biweekly intervals and showed 
partial remissions. However, no CTL response against the PSMA peptide could be observed 
(Waeckerle-Men et al., 2006). The same PSMA peptide was loaded as a single peptide to 
PBMCs, which were used to treat 12 patients with hormone-resistant tumors. However, no 
clinical advantages were observed and no immune responses were detected in this trial 
(Knight et al., 2009). 
A further development was the transfection of DCs with plasmids containing the 
extracellular domain of PSMA to activate autologous lymphocytes in an in vitro model. 
Indeed, PSMA-expressing DCs were able to generate antigen-specific cytotoxic T cell 
responses (Mincheff et al., 2003).   
In a recent study, replication deficient adenoviruses were used to introduce a truncated 
form of PSMA and the T cell stimulatory molecule 4-1BBL into murine DCs. After infection 
of the DCs, PSMA-specific proliferative responses and an upregulation of CD80 and CD86 
costimulatory molecules were detected. Moreover, vaccination of mice with the transfected 
DCs induced a potent protective and therapeutic anti-tumor immunity (Kuang et al., 2010). 
Other strategies for PSMA vaccination are the application of DNA plasmids or viral 
immunizations. In a phase I study, prostate cancer patients were intradermally immunized 
with an expression plasmid or a replication-defective adenoviral vector bearing the PSMA 
gene according to six different drug regimens. All vaccinations were well tolerated and no 
immediate- or long-time side effects were reported (Mincheff et al., 2000). Anti-PSMA 
antibodies were found in 21% of patients at baseline and in 12-50% of patients at longitudinal 
time points ranging from 3 to 36 months after immunization (Todorova et al., 2005).  
In a preclinical study it was shown that immunization of mice with xenogenic PSMA 
protein followed by a boosting with a vector that encoded autologous PSMA gave the best 
protection (Mincheff et al., 2006). These data provided the basis for a clinical study with 
DNA plasmid vaccines, in which 36 patients with recurrent prostate cancer received three 
vaccinations with mouse or human PSMA. Vaccination was well tolerated and PSA serum 
levels were maximally reduced at the highest dose level (Gregor et al., 2007). 

2.3.6 Prodrug activation 
The glutamate carboxy peptidase activity of PSMA can be used for the activation of 
prodrugs to a fully active compound on the surface of prostate cancer cells. Different 
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methotrexate-based peptide analoges were screened to identify PSMA selective substrates 
that are stable to unspecific hydrolysis in human and mouse plasma. Analogs containing 
α-linked or γ-linked glutamic or aspartic acids were most efficiently hydrolyzed by PSMA to 
release the cytolytic anti-metabolite methotrexate. As a consequence thereof, these analoges 
showed the highest cytotoxicity against PSMA-expressing prostate cancer cells (Mhaka et 
al., 2004). In a subsequent study, these peptides were coupled to a cytotoxic analogue of the 
plant toxin thapsigargin that induces apoptosis by inhibition of the endoplasmatic reticulum 
Ca-ATPase pump. PSMA hydrolysis of these peptide prodrugs led to a cytotoxicity against 
PSMA-positive prostate cancer cells that was 10- to 60-fold higher than against PSMA-
negative ones. One of these prodrugs was also tested in mice with CWR22H xenografts and 
elicited tumor growth delay or tumor regressions following a single 3-day or 10-day course 
of administration (Mhaka et al., 2006). 

2.3.7 Photodynamic therapy 
The lack of specific delivery of photosensitizers, chemical compounds that can be excited by 
light of a specific wavelength for the destruction of tumor tissues, represents a significant 
limitation for photodynamic therapies (PDT). Therefore, a conjugate was generated 
containing the photosensitizer pyropheophorbide-a and a PSMA inhibitor for the treatment 
of prostate cancer. This construct demonstrated a high and specific cytotoxicity against 
LNCaP cells after irradiation, whereas PSMA-negative PC-3 cells remained unaffected. PDT-
mediated effects of the photodynamic conjugate were extensively studied and involved cell 
membrane permeabilization, rapid disruption of microtubules (α-/β-tubulin), 
microfilaments (actin), and intermediate filaments (cytokeratin 8/18) in the cytoplasm, 
activation of caspase-3, -8, and -9, Poly [ADP-ribose] Polymerase (PARP)-cleavage, and 
DNA fragmentation (Liu et al., 2009c; Liu et al., 2010a; Liu et al., 2010b). 

2.3.8 Nanoparticles targeting PSMA 
Nanotechnology represents a new alternative for the treatment of prostate cancer. The 
production of nanoparticles enables the targeted delivery and controlled release of 
thousands of drug molecules per vehicle into the tumor cells and is a promising strategy to 
overcome the lack of specificity and limited efficacy of conventional chemotherapeutic 
agents. 
One of the first therapeutic nanoparticle against prostate cancer was a docetaxel-
encapsulated nanoparticle formulated with biocompatible and biodegradable poly(D,L-
lactic acid-co-glycolic acid)-block-poly(ethyleneglycol) copolymer (PLGA-b-PEG), which 
surface was derivatized with the anti-PSMA RNA-aptamer A10. With this construct, an 
enhanced cytotoxicity, compared to non-targeted nanoparticles that lack the aptamer, was 
shown. After a single intratumoral injection, the nanoparticle elicited a complete tumor 
reduction in 5/7 mice with LNCaP tumor xenografts of about 300 mm³ in size. The survival 
rate of these mice in a 109 days study was 100%, compared to 57% of mice treated with the 
non-targeted nanoparticle and to 14% of mice treated with docetaxel alone (Farokhzad et al., 
2006). In a subsequent study, the cisplatin prodrug Pt(IV) was encapsulated in the anti-
PSMA nanoparticle. Endocytosis was detected using fluorescence microscopy by 
colocalization of the encapsulated green fluorescent labeled cholesterol with early endosome 
marker EEA-1. In a series of in vitro cytotoxic assays, the IC50 value was determined as 0.03 µM 
for the nanoparticele compared to 0.13 µM for the non-targeted nanoparticle and to 2.4 µM 
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for free cisplatin on LNCaP cells. However, a high background toxicity of the nanoparticle 
with an IC50 value of 0.11 µM was also detected on PSMA-negative PC-3 cells (Dhar et al., 
2008). In a recent study, the anti-PSMA aptamer based nanoparticle was optimized to a self-
assembly polymeric nanoparticle carrying cisplatin and docetaxel to prostate cancer cells 
with synergistic cytotoxicity. The controlled released of both chemotherapeutics was 
observed over a time period of 48 to 72 h and formation of cisplatin 1,2d(GpG) intrastrand 
crosslinks could be detected. In vitro cytotoxicity of the targeted nanoparticle with an IC50 

value of 0.09 µM on LNCaP cells was shown to be superior over single drug or non targeted 
nanoparticles (Kolishetti et al., 2010).  
Epigallocatechin 3-gallate (EGCG) is a green tea catechin, which has protective effects 
against some common types of cancer (Yang et al., 2009). Since it was shown to be 
chemopreventive against prostate cancer (Bettuzzi et al., 2006; Brausi et al., 2008), an EGCG 
loaded nanoparticle consisting of PLGA-PEG copolymers was functionalized with an urea-
based PSMA inhibitor (Sanna et al., 2011), which is capable of targeting PSMA with a similar 
affinity and specificity like antibodies and aptamers (Sanna et al., 2011). In in vitro 
experiments LNCaP cells were incubated for 1 or 3 h with the anti-PSMA nanoparticles. In 
this assay, a significant antiproliferative effect of the nanoparticles to the tumor cells, 
marked by a growth inhibition up to 60% after 72 h, could be measured (Sanna et al., 2011). 

3. Conclusion 
In the last years, PSMA arouse increasing interest as a prognostic and diagnostic 
biomarker as well as an attractive target antigen for new therapeutic approaches against 
prostate cancer. 
Anti-PSMA radioimmunoconjugates demonstrated efficient targeting of soft tissue and 
bone metastases and led to objective anti-tumor responses in a subset of patients. 
Moreover, high efficacy and tolerability of anti-PSMA immunotoxins was shown in many 
preclinical and clinical trials. The future strategy in this field is the recombinant 
production of immunotoxins, by which different limitations of chemically linked 
immunotoxins can be overcome.  
Retargeting of cytotoxic lymphocytes in vitro and in vivo led to anti-tumor activities in 
different preclinical studies. These effects could be enhanced by the evocation of 
costimulatory signaling. Additionally, early vaccination trials showed that an anti-PSMA 
immune response can be generated without general toxicity in prostate cancer patients.  
The development of PSMA-targeted prodrugs, photosensitizers and nanoparticles is still in 
an early stage, but such constructs also represent alternative therapeutics in the near future. 
It has to be considered that most of the discussed clinical treatments were tested in patients 
with advanced prostate cancer. However, as shown in preclinical trials, these new 
therapeutic drugs seem likely to be more effective in patients with minimal residual disease 
or metastases after primary therapies. 
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1. Introduction 
Prostate biopsy is a motor, driving force and entrance ticket for dealing with parade 
discipline in urology of recent years – prostate cancer. Therefore it receives a lot of attention 
and standard techniques are constantly challenged by new developments. Enormous 
amount of literature seem to have addressed all possible aspects regarding prostate biopsy. 
This chapter focuses less on historical overview but mainly on recent developments, 
controversies and questions. 
Prostate cancer has already become leading cancer among males in developed world (Jemal et 
al., 2011), second reason for death due to cancer among men in US (Jemal et al., 2010) and third 
in Europe (Malvezzi et al., 2011). Future is looking even more serious – numbers are expected 
to rise much further, as recently predicted in Canadian forecast analysis (Quon et al, 2011). The 
authors claim expected estimates of increase in prostate cancer cases should not be limited 
only to aging of population, which is huge itself and is expected to cause 39% increase in 
prostate cancer cases. At least three further factors should be taken into account. First and most 
important is lowering of PSA threshold for biopsy. It seems the move of decreasing PSA cutoff 
from 4 to 2.5 is getting from university centers to every urologist's and generalist's office (this 
is especially important as they are the ones who pick and refer patients to urologists for 
biopsy). Increase in number of people, referred to biopsy for this reason is estimated to be 
much greater compared to aging of population and may increase prostate cancer incidence by 
200%. If it will increase prostate cancer incidence by 200%, increase in number of biopsies 
should be disproportionally higher, as biopsies have lower yield for this new target population 
with PSA values between 2.5 and 4. PSA screening is creating at present a lot of debate, it is a 
very hot topic and there are very strong opponents and supporters. Introduction of formal 
screening would of course increase burden of cancer and burden of biopsy. It is at present 
unlikely to happen, probably because people who decide on health policies and their advisers 
do not meet, treat and care for people with advanced prostate cancer. But, call it case finding 
or however one prefers, a “non-formal” screening programs are actually already available in 
many health systems, not only in selected first adopters, like Tyrol in Austria (Oberaigner et 
al., 2006), but also for example in Slovenia, where every general practitioner has available extra 
funds for PSA measurement on all of his male patients, every two years. Extent of “non-
formal” screening programs can be seen from well-known PLCO trial, where control, 
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supposedly non-screened arm had 50% screening in comparison to intervention arm, 
supposedly “screened”, where the rate was approximately 85% (Andriole et al., 2009). Some 
do not believe into usefulness of screening (Miettinen, 2010) and results of studies, which 
clearly show improved survival and necessity for screening, for example of European 
Randomized Trial of Screening for Prostate Cancer (Schröder et al., 2009). Despite those 
doubts, screening in one way or another is in fact increasingly taking place in every-day life. 
Further increase in screening is expected because recent analyzes of prostate screening studies 
seem to greatly reduce predicted numbers needed to screen and numbers needed to treat to 
save a life in prostate cancer and dispel previous doubts about usefulness of screening 
(Crawford et al., 2011) and treatment (Bill-Axelson et al., 2011). 
Last reason for estimation of huge increase in prostate cancer cases expected in the next decade 
is stated (Quon et al., 2011) as “improved sensitivity of prostate biopsy”. Will this really 
happen? This review will summarize some of the present developments in this field. If this is 
really the case, it may be at least one good sign, sign of relief: with improved biopsy specificity, 
number of repeat biopsies, which at present already represent significant burden and may also 
represent group of patients with higher risk for biopsy-related complications, may decrease. 
Prostate biopsy aims to detect prostate cancer with as little problems and sequela as 
possible. Further, it aims to predict prognosis of detected cancer, therefore sampling must 
not only take any cancer, but representative cancer tissue samples from possibly all cancer 
focuses in the prostate. Third goal of modern prostate biopsy is to guide targeted therapy, 
which is expected to rise with increased number of lower stage cancers detected. 

2. Selection of biopsy candidates 
Only main criteria, which are in clinical use or are available and may be used in Europe in 2011 
are included here and they are: 3 PSA's (total, free and -2proPSA), urine marker (PCA3), race, 
family history, previous biopsy technique and result, age and life expectancy. 
There are markers, which were proposed and also used in the past, but are now outdated, 
like cPSA and other PSA's, not mentioned above. There are markers, which may become 
very useful in the future, but are at present not ready yet (for example SNP's and other 
genetic data or new urine markers, which may use advantage of being excreted and 
therefore no aggressive rectal prostate massage would be necessary (Pandha et al., 2011)). 
Should we really biopsy all men with PSA above 2.5? Obviously we do not want to do that. 
It remains unresolved task, how should we select between those who would benefit from 
biopsy even earlier, at PSA 1, from those who do not need biopsy at PSA 10. 

2.1 PSA's 
Prostate specific antigen, during history of its discovery named with other names, for 
example semenogelase, is an androgen-regulated serine protease (EC 3.4.21.77), human 
tissue kallikrein 3 (Balk et al, 2003). Gene is located on 19q13.4. Mainly it is produced in 
secretory epithelial cells in prostate acini and ducts and secreted into lumen. Its function 
is in ejaculate liquefaction.  
PSA is expressed in preproPSA form (17 aminoacid leading peptide), excreted into prostate 
lumen as proPSA (7 aminoacid propeptide on N-terminal) and activated by trypsine-like 
human kallikrein 2 (hK2), which is expressed on prostate secretory epithelial cells (Balk et.al, 
2003). ProPSA can undergo cleavage at position -7, removing 7 aminoacid propeptide to 
form active PSA. ProPSA cleavage can also occur at positions -5 or -2. Those PSA isoforms 
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are not catalytically active. Active PSA in part undergoes further degradation/internal 
cleavage by different proteases, thereby also forming inactive PSA. In seminal plasma 
approximately 30% of PSA is in active form. Remaining PSA represents different forms of 
inactive PSA. Some PSA (all forms) leaks to circulation and can be measured in serum. 
Active form of PSA in serum binds (complexes) to protease inhibitors, mostly to alpha1-
antichymotrypsin (ACT). It represents main part of total serum PSA (70-90%) and can be 
measured as cPSA. Catalytically inactive PSA forms circulate freely in serum as they are not 
complexed to ACT or other inhibitors. This fraction represents main result of free PSA assay. 
Antibodies were also developed for measuring serum concentrations of specific PSA 
isoforms, for example [-5]pro PSA and [-2]proPSA. Assays which measure total PSA aim at 
detecting all isoforms, active (complexed) and inactive PSA.  
As prostate cancer characteristic is disruption of basal cell layer and basement membrane, 
this allows increased amount of PSA and its isoforms to enter circulation (Balk et al, 2003). 
Free PSA fraction is decreased in serum of cancer patients. It is hypothesized there is 
relatively less free PSA in serum in cancer patients because more PSA enters circulation 
directly and complexes immediately to protease inhibitors. As there is less exposure of PSA 
to luminal and seminal fluid proteases, there is less chance for inactivating and producing 
inactive, free PSA. ProPSA isoforms are increased in serum of prostate cancer patients. Two 
hypotheses aim to explain this. One believes there is decreased cleavage of proPSA by hK2 
in prostate cancer tissue (Balk et al., 2003). Other hypothesis believes proPSA isoforms are 
increased in cancer as a result of increased proPSA production from benign looking cancer 
associated areas in prostate gland (Makarov et al., 2009).  
Higher serum PSA values were related to prostate cancer in 1980-ties. Hybritech, first 
commercial PSA measurement kit manufacturer, identified in a small study in 1986 in their 
sample 99% of tested men (different ages) had PSA below 4 and suggested this value as a 
cut-off. With this in hand, Catalona conducted a trial and published in 1991: 8% of tested 
men (mean age 68) had PSA values above 4, 22% of those with PSA between 4 and 10 had 
prostate cancer detected on sextant biopsy (and 67% among those with PSA above 10). 
Biopsy was performed using 18G needle. PSA was independent prognostic factor and 
positive DRE increased chance of positive biopsy (Catalona et al., 1991). 20 years later – we 
made a progress – now we do 12 core biopsies, use PSA cut-off 2.5 and use some other PSA 
derivatives to help in decisions. This modifies our outcomes a few percentages here and 
there, but main achievement, decrease in mortality due to prostate cancer, which was, after 
two decades of doubt, finally recently confirmed by a few large independent trials from 
both US and EU (see Introduction), was a result of a twenty years old approach, which is, 
with all its drawbacks and deficiencies, still valid and widely practiced around the world.  
Inadequacy of PSA cut-off value of 4 was in depth explained by publication of results of 
control biopsies in prostate cancer prevention trial (Thompson et al., 2004). They found, 
among men in age range 62 to 91, median 69, 6.6% of cancers among those with PSA 0.5 or 
less and 12.5% among them with Gleason 7 or more (=0.8% of all men with median age 69 
with PSA below 0.6 had important cancer). Among men with PSA of 1.1 to 2.0, cancer was 
found in 10% and 10% of those had Gleason 7 or more (=1% of all men with PSA between 1 
and 2, median age 69, had Gleason 7 or higher prostate cancer). For PSA 2-3, the percentage 
of Gleason 7 or more among all tested was 4.6% and for PSA 3-4 it was 6.7%. Those numbers 
were found in a prescreened population and with sextant biopsy. Now it is believed those 
numbers are still accurate for overall cancer presence, but for Gleason 7 or higher cancers in 
general referral population, real numbers are about twice those estimates. Several thoughts 
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is in ejaculate liquefaction.  
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human kallikrein 2 (hK2), which is expressed on prostate secretory epithelial cells (Balk et.al, 
2003). ProPSA can undergo cleavage at position -7, removing 7 aminoacid propeptide to 
form active PSA. ProPSA cleavage can also occur at positions -5 or -2. Those PSA isoforms 
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are not catalytically active. Active PSA in part undergoes further degradation/internal 
cleavage by different proteases, thereby also forming inactive PSA. In seminal plasma 
approximately 30% of PSA is in active form. Remaining PSA represents different forms of 
inactive PSA. Some PSA (all forms) leaks to circulation and can be measured in serum. 
Active form of PSA in serum binds (complexes) to protease inhibitors, mostly to alpha1-
antichymotrypsin (ACT). It represents main part of total serum PSA (70-90%) and can be 
measured as cPSA. Catalytically inactive PSA forms circulate freely in serum as they are not 
complexed to ACT or other inhibitors. This fraction represents main result of free PSA assay. 
Antibodies were also developed for measuring serum concentrations of specific PSA 
isoforms, for example [-5]pro PSA and [-2]proPSA. Assays which measure total PSA aim at 
detecting all isoforms, active (complexed) and inactive PSA.  
As prostate cancer characteristic is disruption of basal cell layer and basement membrane, 
this allows increased amount of PSA and its isoforms to enter circulation (Balk et al, 2003). 
Free PSA fraction is decreased in serum of cancer patients. It is hypothesized there is 
relatively less free PSA in serum in cancer patients because more PSA enters circulation 
directly and complexes immediately to protease inhibitors. As there is less exposure of PSA 
to luminal and seminal fluid proteases, there is less chance for inactivating and producing 
inactive, free PSA. ProPSA isoforms are increased in serum of prostate cancer patients. Two 
hypotheses aim to explain this. One believes there is decreased cleavage of proPSA by hK2 
in prostate cancer tissue (Balk et al., 2003). Other hypothesis believes proPSA isoforms are 
increased in cancer as a result of increased proPSA production from benign looking cancer 
associated areas in prostate gland (Makarov et al., 2009).  
Higher serum PSA values were related to prostate cancer in 1980-ties. Hybritech, first 
commercial PSA measurement kit manufacturer, identified in a small study in 1986 in their 
sample 99% of tested men (different ages) had PSA below 4 and suggested this value as a 
cut-off. With this in hand, Catalona conducted a trial and published in 1991: 8% of tested 
men (mean age 68) had PSA values above 4, 22% of those with PSA between 4 and 10 had 
prostate cancer detected on sextant biopsy (and 67% among those with PSA above 10). 
Biopsy was performed using 18G needle. PSA was independent prognostic factor and 
positive DRE increased chance of positive biopsy (Catalona et al., 1991). 20 years later – we 
made a progress – now we do 12 core biopsies, use PSA cut-off 2.5 and use some other PSA 
derivatives to help in decisions. This modifies our outcomes a few percentages here and 
there, but main achievement, decrease in mortality due to prostate cancer, which was, after 
two decades of doubt, finally recently confirmed by a few large independent trials from 
both US and EU (see Introduction), was a result of a twenty years old approach, which is, 
with all its drawbacks and deficiencies, still valid and widely practiced around the world.  
Inadequacy of PSA cut-off value of 4 was in depth explained by publication of results of 
control biopsies in prostate cancer prevention trial (Thompson et al., 2004). They found, 
among men in age range 62 to 91, median 69, 6.6% of cancers among those with PSA 0.5 or 
less and 12.5% among them with Gleason 7 or more (=0.8% of all men with median age 69 
with PSA below 0.6 had important cancer). Among men with PSA of 1.1 to 2.0, cancer was 
found in 10% and 10% of those had Gleason 7 or more (=1% of all men with PSA between 1 
and 2, median age 69, had Gleason 7 or higher prostate cancer). For PSA 2-3, the percentage 
of Gleason 7 or more among all tested was 4.6% and for PSA 3-4 it was 6.7%. Those numbers 
were found in a prescreened population and with sextant biopsy. Now it is believed those 
numbers are still accurate for overall cancer presence, but for Gleason 7 or higher cancers in 
general referral population, real numbers are about twice those estimates. Several thoughts 
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follow from this data. One is related to high percentage of high grade cancers in population 
with median age 69 and relatively low PSA values. Once upon a time, it was suggested we 
should not measure PSA in men above 70. Should we now turn this completely around and 
biopsy all men with life expectancy of 10 yeas or more at the age of 70 irrespectively of their 
PSA? Or should we use other tests, like PSA isoforms derivatives?  
Free PSA is measured to calculate fraction towards total PSA value, which is expressed as 
percentage. In PSA ranges between 4 and 10, with % free PSA below 10%, probability for 
biopsy detected prostate cancer in DRE negative patients was 56% and with % free PSA 
above 25% probability of cancer was only 8%. In PSA range between 2.5 and 4, with % free 
PSA below 10%, probability of cancer was 46% and with % free PSA above 20% probability 
of cancer was 8% (Catalona et al., 1998).  
[-2]proPSA or p2PSA is new kid on the block, which is not yet universally available or 
accepted. It seems it will become next widely used PSA derivative, which is also used 
together with free PSA value (p2PSA/freePSA) or together with total and free PSA as value, 
calculated as p2PSA/freePSA times square root of total PSA and proprietary named by 
Beckman Coulter (Brea, California, USA) as PHI – prostate health index. Cut-off values for 
biopsy decisions using %p2PSA (p2PSA/free PSA) and PHI are not yet universally accepted 
and differ with regard to free PSA and total PSA calibration method (Hybritech or WHO), 
but it seems PHI values above 40 or 45 indicate high and below 21 low risk of prostate 
cancer. PHI of more than 48.5 was reported as 43% specific at 90% sensitive for detecting 
prostate cancer at initial prostate biopsy (Guazzoni et al., 2011). Another study reported PHI 
values above 34.2 to show increased probability for high risk disease (Isharwal et al., 2011). 
PHI was shown to indicate development of prostate cancer years before biopsy and 
correlated well with grade of future prostate cancer (Bektic et al., 2010). On negative side, 
using p2PSA compared to free PSA using ROC curves at area of high sensitivity (if we are to 
find cancer), increase in performance may seem marginal. 
PSA density and different variants (PSA density of transitional zone etc), calculated from 
total PSA value and measurement of prostate volume using transrectal ultrasound, were in 
the past extensively evaluated. Drawback is variability of prostate volume measurements, 
need for this additional investigation and low sensitivity (Pepe et al., 2009). One example of 
cutoff value was density above 0.15 ng/ml PSA /ml prostate volume indicating higher risk 
of cancer. It may represent additional useful piece of information, also for example 
regarding prediction of disease course for patients on watchful waiting (Kotb et. al, 2011).  
PSA velocity was in recent years proposed as another potentially helpful tool in picking 
cancers or high-risk cancers. Cutoff value of 0.35 ng/ml/year was proposed when total PSA 
values are less than 4. This may need adjustment for race (Tang et al., 2011). Although some 
doubts about value of PSA velocity in biopsy decisions were posed from analysis of PCPT 
trial data (Vickers et al., 2011), there are suggestions a lot of clinically important cancers in 
younger men may be detected by regularly and meticulously following and analyzing 
sequential PSA values (Bektic et al., 2011).  
PSA values increase with age due to BPH. This became known early after PSA test 
introduction and “age-specific” PSA values were suggested. For Caucasian Americans, 
median, 75th and 95th percentiles of PSA were for age group 40-49 – 0.7, 1.0 and 2.1, for 50-59 
age group 1.0, 1.6 and 3.6, for 60-69 age group 1.4, 2.5 and 4.3, for 70-79 decade 1.8, 3.5 and 
5.8 (Morgan et al., 1996). One approach of integrating age specific PSA values in prostate 
biopsy decisions may be using as cutoff half of age-specific 95th percentile PSA value 
together with %free PSA below 18%, which was in part used in Innsbruck (Tyrol, Austria). 
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High increase of PSA with infection or any irritation of prostate is well known and 
sometimes antibiotic or anti-inflammatory treatment is suggested and repeat measurement. 
PSA decreases in high body-mass index-correction and decreased of cutoff values may be 
needed (Pater et al., 2011). Diseases (liver cirrhosis) and medications (NSAID's, thiazides 
and statins) may also decrease PSA values (Nieder et al., 2011). If using free PSA values as 
trigger for biopsy decisions, it may be important to note that use of herbal products, like 
Serenoa repens, may (artifically?) increase free PSA values. 

2.2 Age and life expectancy 
Risk of prostate cancer significantly increases with age. Age is significant independent 
predictor of high risk prostate cancer. Although we need age as a criterion (we do not start 
to think about prostate cancer before age of 40 or 35), it is clear age could not be the only 
factor which would preclude decisions about PSA measurement, digital rectal exam and 
biopsy. Age is only one parameter in estimation of life expectancy. Life expectancy, not age, 
is crucial factor in decisions regarding prostate cancer screening interventions. Age does 
increase probability of cancer and cancer related death and therefore higher age – for 
example 75 years or more (with additional criterion of more than 10 years life expectancy) 
means strong indication in-favor of PSA screening and prostate biopsy. It is true that not all 
men at age 75 or more have more than 10 years of life expectancy, but significant number 
have and for them, prostate cancer screening is most useful and fruit bearing (much higher 
yield compared to younger men). This thinking is in strong contrast to past belief (and even 
now supported by some outdated recommendations of non-urological organizations), when 
PSA testing was not recommended generally for all older men.  

2.3 Digital rectal exam 
Digital rectal exam remains important part of prostate evaluation (Gosselaar et al., 2008). 
Although still on occasion declined by a patient and despite hopes PSA or any other method 
would completely replace it (Schroder et al., 1998), one still finds from time to time a case, 
where PSA is low and DRE is suspicious. For such a patient, next year, when PSA has 
increased, may be (and cases were confirmed it was) too late. Although after many 
suspicious DRE's biopsy comes negative, we are more and more aware of the fact that 
prostate cancer may progress without PSA increase. DRE can estimate sphincter tone, in a 
way prepare patient for biopsy, if needed, on occasion register some other, non-urological 
pathology and appreciate prostate size, which may give different dimension compared to 
ultrasound impression. DRE is necessary for sampling prostate cells in post-massage urine – 
at present for PCA3 only, but in the future maybe also for other markers. DRE is necessary 
for clinical staging of prostate cancer. DRE is limited, it can not palpate whole gland, but at 
present it is here to stay (Yossepowitch, 2008). 

2.4 PCA3 
Comparison of mRNA expression patterns of prostate cancer and benign tissues identified 
significantly different expression of non-coding mRNA sequence, first called DD3 
(Bussemakers et al., 1999) and later renamed PCA3. Technology (a variant of quantitative 
nucleic acid amplification test) was developed to identify very minute amounts of PCA3 
mRNA from prostate cells shed in prostate urethra after prostatic massage and washed out 
immediately in first voided urine portion. Its estimated amount (number of copies) is 
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values above 34.2 to show increased probability for high risk disease (Isharwal et al., 2011). 
PHI was shown to indicate development of prostate cancer years before biopsy and 
correlated well with grade of future prostate cancer (Bektic et al., 2010). On negative side, 
using p2PSA compared to free PSA using ROC curves at area of high sensitivity (if we are to 
find cancer), increase in performance may seem marginal. 
PSA density and different variants (PSA density of transitional zone etc), calculated from 
total PSA value and measurement of prostate volume using transrectal ultrasound, were in 
the past extensively evaluated. Drawback is variability of prostate volume measurements, 
need for this additional investigation and low sensitivity (Pepe et al., 2009). One example of 
cutoff value was density above 0.15 ng/ml PSA /ml prostate volume indicating higher risk 
of cancer. It may represent additional useful piece of information, also for example 
regarding prediction of disease course for patients on watchful waiting (Kotb et. al, 2011).  
PSA velocity was in recent years proposed as another potentially helpful tool in picking 
cancers or high-risk cancers. Cutoff value of 0.35 ng/ml/year was proposed when total PSA 
values are less than 4. This may need adjustment for race (Tang et al., 2011). Although some 
doubts about value of PSA velocity in biopsy decisions were posed from analysis of PCPT 
trial data (Vickers et al., 2011), there are suggestions a lot of clinically important cancers in 
younger men may be detected by regularly and meticulously following and analyzing 
sequential PSA values (Bektic et al., 2011).  
PSA values increase with age due to BPH. This became known early after PSA test 
introduction and “age-specific” PSA values were suggested. For Caucasian Americans, 
median, 75th and 95th percentiles of PSA were for age group 40-49 – 0.7, 1.0 and 2.1, for 50-59 
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High increase of PSA with infection or any irritation of prostate is well known and 
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PSA decreases in high body-mass index-correction and decreased of cutoff values may be 
needed (Pater et al., 2011). Diseases (liver cirrhosis) and medications (NSAID's, thiazides 
and statins) may also decrease PSA values (Nieder et al., 2011). If using free PSA values as 
trigger for biopsy decisions, it may be important to note that use of herbal products, like 
Serenoa repens, may (artifically?) increase free PSA values. 

2.2 Age and life expectancy 
Risk of prostate cancer significantly increases with age. Age is significant independent 
predictor of high risk prostate cancer. Although we need age as a criterion (we do not start 
to think about prostate cancer before age of 40 or 35), it is clear age could not be the only 
factor which would preclude decisions about PSA measurement, digital rectal exam and 
biopsy. Age is only one parameter in estimation of life expectancy. Life expectancy, not age, 
is crucial factor in decisions regarding prostate cancer screening interventions. Age does 
increase probability of cancer and cancer related death and therefore higher age – for 
example 75 years or more (with additional criterion of more than 10 years life expectancy) 
means strong indication in-favor of PSA screening and prostate biopsy. It is true that not all 
men at age 75 or more have more than 10 years of life expectancy, but significant number 
have and for them, prostate cancer screening is most useful and fruit bearing (much higher 
yield compared to younger men). This thinking is in strong contrast to past belief (and even 
now supported by some outdated recommendations of non-urological organizations), when 
PSA testing was not recommended generally for all older men.  
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Digital rectal exam remains important part of prostate evaluation (Gosselaar et al., 2008). 
Although still on occasion declined by a patient and despite hopes PSA or any other method 
would completely replace it (Schroder et al., 1998), one still finds from time to time a case, 
where PSA is low and DRE is suspicious. For such a patient, next year, when PSA has 
increased, may be (and cases were confirmed it was) too late. Although after many 
suspicious DRE's biopsy comes negative, we are more and more aware of the fact that 
prostate cancer may progress without PSA increase. DRE can estimate sphincter tone, in a 
way prepare patient for biopsy, if needed, on occasion register some other, non-urological 
pathology and appreciate prostate size, which may give different dimension compared to 
ultrasound impression. DRE is necessary for sampling prostate cells in post-massage urine – 
at present for PCA3 only, but in the future maybe also for other markers. DRE is necessary 
for clinical staging of prostate cancer. DRE is limited, it can not palpate whole gland, but at 
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Comparison of mRNA expression patterns of prostate cancer and benign tissues identified 
significantly different expression of non-coding mRNA sequence, first called DD3 
(Bussemakers et al., 1999) and later renamed PCA3. Technology (a variant of quantitative 
nucleic acid amplification test) was developed to identify very minute amounts of PCA3 
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normalized to estimated number of PSA mRNA copies in the same sample and multiplied 
by 1000, resulting in PCA3 score. Test is known as Progensa PCA3 Assay (Gen-Probe Inc, 
San Diego, USA). Higher PCA3 score values indicate greater risk of presence of prostate 
cancer. Values from approximately 4 to 125 can be obtained, 35 being most often 
suggested cut-off, which, according to package insert has 53% sensitivity and 74% 
specificity for detection of prostate cancer on subsequent biopsy. Other cut-off opinions 
are continuously evaluated (Auprich et al., 2011). Although PCA3 mRNA theoretically 
could be measured in urine also with standard molecular-medicine techniques, which first 
isolate mRNA from cells in the sample and then perform RT-PCR, is this, due to very 
small amounts of PCA3 mRNA, very difficult and inconsistent, therefore dedicated 
patented method from Gen-Probe which uses direct amplification and avoids isolation 
step, has become standard. 
PCA3 use was suggested and marketed as help in biopsy decisions in previously negative 
prostate biopsies, in men with other risk factors (family history) and normal PSA values, in 
men with big prostates or other prostatic conditions where it is unclear whether high PSA is 
driven by cancer or other factor and in men on watchful waiting where high PCA3 score 
may indicate higher burden of disease.  
Use of consecutive PCA3 tests for follow up of biopsy candidates or men on watchful 
waiting was questioned due to high variability of results, if test is repeated in the same 
individual with low risk disease (Shikanov et al., 2011). 
Pre-biopsy PCA3 test results were evaluated together with PSA in relation to tumor 
characteristics in radical prostatectomy specimens (Vlaeminck-Guillem et al., 2011). It was 
found PCA3 score did not correlate with PSA and prostate volume. PCA3 score was also not 
related to Gleason score and pT stage. PCA3 did correlate with total tumor volume and 
index lesion volume. Further, multifocality was significantly correlated with PCA3. PCA3 
expression can be identified on malignant and benign prostate tissue samples, only quantity 
varies (Quiles et al., 2011). 
PCA3 test is, with many mentioned drawbacks and despite its high price, widely marketed 
and used in USA and EU. It seems sometimes may help in biopsy related decisions, but its 
role at present is still evolving.  

2.5 Family history, race, previous biopsy result 
Theoretically one may differentiate between familial (unpredictable clustering of disease in 
a family, slightly increased risk for offspring) and hereditary cancer (strong clustering 
pattern consistent with passage of a susceptibility gene via Mendelian inheritance) (Potter & 
Partin, 2000). Criteria for hereditary prostate cancer would be three or more first-degree 
relatives had prostate cancer, three successive generations had prostate cancer and where 
two relatives were affected at or before age 55. Despite identification of such families, their 
investigation has not resulted in such successful discoveries as in colon, ovary and breast 
cancers. In those classic hereditary cancers presence of a certain identifiable mutation with 
high probability predicts development of cancer in all affected offspring, which has resulted 
in formal screening programs for affected families and preventive surgery at early age. This 
is at present not known in prostate cancer.  
Familial history of prostate cancer increases risk. In a meta-analysis brother with prostate 
cancer increases risk 3.3 times, father 2.2 times, two first-degree relatives 5 times (Zeegers et 
al., 2003). 
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It is accepted increased risk due to family history should result in earlier start of screening 
(at age 40 or 35). Some risk calculators do use family history information to modify risk 
estimation (increased risk for presence of cancer in first degree relatives, this means father, 
brother or son), which may influence biopsy decision, if based on calculated risk. But apart 
from this, it does not tell us anything – PSA and other cut-offs for decision about biopsy are 
the same as in men without family history. Also procedures for biopsy, treatment and also 
treatment outcomes are the same between familial, hereditary and sporadic prostate cancer. 
There is no known 100% risk situations, which would provoke preventive removal of 
prostate, as is known for breast cancer, although people sometimes do ask for this. 
Recent research focused also on risk of prostate cancer in men whose family members have 
other forms of cancer. Men with first degree relative with breast cancer, who developed 
breast cancer at the age 35 or earlier, are at significantly increased risk of prostate cancer (5 
to 18 times in case of BRCA mutation) (Dite et al., 2010). Other cancers in family may also 
increase risk of prostate cancer (Izmirlian et al., 2011). 
Race is used in many prostate cancer risk calculators – African American race increases risk 
compared to Caucasians, Hispanic or Asian have decreased risk. But, the same as for family 
history, apart from earlier start of screening or a little different risk estimates from 
calculators, there are no other practical consequences of this fact at present.  
Previous negative biopsy decreases risk of positive subsequent biopsy. There are, however, 
two findings, which differ: PIN (=HGPIN – high grade prostatic intraepithelial neoplasia, 
low grade PIN was abandoned) and ASAP (atypical small acinar proliferation). HGPIN is 
most probable precursor of prostate cancer. There are structurally benign ducts and acini 
with abnormal secretory cells with prominent nucleoli (Schoenfield et al., 2007). HGPIN is a 
histological entity in itself, it is not cancer. ASAP indicates finding of small focus of structure 
in a 2-dimensional view, which is not large enough to satisfy criteria for cancer. It may 
represent only specific cut of top of benign acinus or PIN. One may define different 
characteristics under ASAP category, like adenosis, intraductal hyperplasia... which have in 
common that pathologist can not say for certain, whether they represent cancer or not. As 
ASAP may represent cancer, is was identified as predictor of positive repeat biopsy. 
Identification of multiple HGPIN in a biopsy specimen was also identified as predictor of 
positive repeat biopsy (Akhavan et al., 2007). Therefore, ASAP and HGPIN require 
consideration about repeat biopsies. ASAP may require immediate scheduling for repeat 
biopsy. HGPIN requires careful follow up and in most cases other criteria (PSA increase) 
cause repeat biopsy sooner or later (for example in 1-2 years time).  

2.6 Risk based strategies 
Different nomograms were developed, which can predict risk of positive biopsy. They take 
into account risk for age, family history, race, PSA and free PSA, digital rectal exam and 
some also for body mass index and even new decision aids, for example PCA3 and PHI.  
Nomograms have introduced new dimension in patient-physician pre-biopsy discussion. 
Need for individual's risk adjustment is illustrated by cardiology example. Do general 
practitioners and cardiologists decide whether one needs aspirin or statin on a single total 
cholesterol measurement (for example with result of 5.3 mmol/L, just above normal)? No. 
They measure HDL, LDL cholesterol, they ask for age, gender, blood pressure, smoking 
history. They consult nomograms and then decide whether statin drug is necessary (and 
reimbursed) or not. But urologists were dependent on a single PSA value? This has changed 
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increase risk of prostate cancer (Izmirlian et al., 2011). 
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in a 2-dimensional view, which is not large enough to satisfy criteria for cancer. It may 
represent only specific cut of top of benign acinus or PIN. One may define different 
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common that pathologist can not say for certain, whether they represent cancer or not. As 
ASAP may represent cancer, is was identified as predictor of positive repeat biopsy. 
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2.6 Risk based strategies 
Different nomograms were developed, which can predict risk of positive biopsy. They take 
into account risk for age, family history, race, PSA and free PSA, digital rectal exam and 
some also for body mass index and even new decision aids, for example PCA3 and PHI.  
Nomograms have introduced new dimension in patient-physician pre-biopsy discussion. 
Need for individual's risk adjustment is illustrated by cardiology example. Do general 
practitioners and cardiologists decide whether one needs aspirin or statin on a single total 
cholesterol measurement (for example with result of 5.3 mmol/L, just above normal)? No. 
They measure HDL, LDL cholesterol, they ask for age, gender, blood pressure, smoking 
history. They consult nomograms and then decide whether statin drug is necessary (and 
reimbursed) or not. But urologists were dependent on a single PSA value? This has changed 
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with risk calculators availability. Using single PSA cutoff value would be the same as 
claiming for a man, who runs marathon, has normal blood pressure, normal BMI, is a 
non-smoker, his parents lived till age 100 and has cholesterol of 5.3 mmol/L – to be at 
high risk for cardiac event because his cholesterol is elevated (above 5.2). Using single 
PSA value for biopsy decision would be the same as claiming for an overweight (BMI 30), 
sedentary man, heavy smoker, on three anti-hypertensive medications whose parents 
both died of cardiac event, because his cholesterol is 5.1 mmol/L (just normal) – not to be 
at risk for cardiac event. Everyone can clearly see ridiculosity, absurdity of such approach 
in cardiology – but we in urology use PSA as single dichotomous variable in our prostate 
biopsy decisions?! Risk calculators allow us to tell men with any PSA value their 
individual chances for biopsy outcome. Calculators report risk for high grade (Gleason 7 
or more) and overall cancer probability. For example if calculator predicts 6% chance of 
significant prostate cancer (Gleason 7 or more) and 26% of overall cancer risk, we should 
tell patient his chance of being without cancer at present is approximately 74% (100-26), 
he has 6% chance of finding important high risk cancer and he has approximately 20% 
(26-6) chance biopsy would find cancer which may not be clinically important at present 
(but maybe in the future) and we would have to deal with this. If we explain this way, 
most men can and do take their own decision, whatever it is (to proceed with biopsy or 
continue PSA follow up). 
Using risk calculators often surprises us with values one would not expect. For example use 
Sunnybroke Prostate risk calculator (see below) and take 75 years old healthy Caucasian 
male with PSA of 3.9, %free PSA 22%, IPSS 9, in a good health (for example upper 25% of his 
generation), no family history for prostate cancer and negative DRE. He has more than 15 
years of life expectancy, 39% risk of prostate cancer and 20% risk of having at present high 
grade prostate cancer (Gleason 7 or more). 20% risk of high grade cancer and more than 15 
years of life expectancy - would you suggest a biopsy? 
At present (june 2011), one of the most modern (can take into account PCA3, p2PSA...) pre-
biopsy nomograms is available from UT Health Science Center, San Antonio, head Ian 
Thompson (http://deb.uthscsa.edu/URORiskCalc/Pages/calcs.jsp). Opponents of his 
calculator state it has good estimation of overall cancer risk, but underestimates high risk 
cancers. Large urology collection of nomograms, also many pre-biopsy nomograms 
including estimation of biopsy risks, are available from Pierre Karakiewicz, Cancer 
Prognostics and Health Outcomes Unit from University of Montreal Health Centre, Canada 
(www.nomograms.org). Calculators derived from European Randomized study of 
Screening for Prostate Cancer (Fritz Schroeder) are available at SWOP Prostate Cancer 
Research Fundation: http://www.prostatecancer-riskcalculator.com/via.html. Useful, 
simple and modern (more accurate high risk cancers estimation) pre-biopsy nomogram is 
available from SunnyBrook Health Sciences Centre, Toronto: http://sunnybrook.ca/ 
content/?page=OCC_prostateCalc. 
Different nonograms, for example taking into account 3D biopsy approach (Sakura et al., 
2011) are being developed and published constantly. Also, comparisons (Oliveira et al., 
2011) and evaluations (Ngo et al., 2011) are permanently performed and published. When 
using nomograms, one should be aware of their limitations (Vickers & Cronin, 2010). 
NCCN guidelines on prostate cancer early detection not require nomogram use, follow in 
part risk adapted approach, cover most “before biopsy” issues, are regularly updated and 
modern. They are available freely after registration from www.nccn.org. 

 
Future of Prostate Biopsy: Who Will Get It and How? 

 

109 

3. Methods of biopsy 
Prostate cancer was in the past diagnosed most often using histology from transurethral 
resection, which was performed for local complications of prostate cancer or merely BPH. 
As it became clear such diagnosis is most often too late, makes subsequent radical surgical 
treatment more difficult and as PSA become available, biopsy had become diagnostic 
method of choice. At first, it was finger guided, blind. With development of transrectal 
ultrasound (trus – transrectal ultrasound guided prostate biopsy) and coupling it to 18G 
needle, Pandora box of prostate cancer was opened. 

3.1 Transrectal or transperineal approach? 
Most prostate biopsies around the world are performed transrectally, as this naturally 
developed from transrectal finger guided approach, is cheaper, simpler, does not need 
any analgesia or anaesthesia (although it is highly recommended, see section 4.3). 
Transperineal approach does need at least local anaesthesia. On same occasions, like post 
surgical amputation of the rectum, if it is sutured, transperineal biopsy (or transgluteal) 
may be the only way. However, such biopsy is guided by US probe on the perineum or in 
the urethra or more often by CT or MRI, which is not the way transperineal biopsy is 
performed regularly. Regular transperineal biopsy is performed using probe in the rectum 
and needle is advanced through the skin above rectal opening. Transperineal approach 
has similarity with the way some treatments are performed (brachytherapy...). Treatment 
templates may be used for biopsy which may guide biopsy needle to a specific part of 
prostate, which is seen as potentially more effective and with better gain. Recently, 
stereotactic templates (even motorized and computer guided) have become available also 
for transrectal prostate sampling – mechanically assisted 3D TRUS guided biopsy system 
(Megwalu et al., 2008). Supporters of transperineal approach suggest transperineally 
apical and anterior parts of the prostate may be better accessed compared to transrectal 
approach. For those reasons, studies were designed to compare yields of transrectal 
versus transperineal biopsy approach in primary 12-core and saturation 20-core schemes 
(Hara et al., 2008; Abdollah et al., 2011). Those studies uniformly showed no difference in 
cancer yields. However, this has not convinced proponents of transperineal approach. In 
regions, where transperineal approach was used routinely and claimed to be better 
compared to transrectal (for example some parts of Italy), they are only lately 
discovering prostate biopsy with end-fire probe (Galosi et al., 2010). Due to technical 
development of ultrasound equipment, some manufacturers (also very respectful one), 
were using side-fire probe with needle “through-the-probe” technology. This was 
proved to be inferior (Chin et al., 2009) in comparison to end-fire biopsy approach (see 
below). Therefore comparison of perineal to side-fire transrectal approach is not 
appropriate. Combination of transrectal and transperineal approach has also been used 
and described, aiming at gaining best from both approaches and maximizing cancer 
detection rate (Kawakami et al., 2007). 
Transrectal approach is recommended for routine primary and also saturation prostate 
biopsy. On rare occasions, where stereotactic guidance may be needed, decision on 
approach depends on availability of equipment. At present, equipment for transperineal 
stereotactic approach is more often available and more widespread, due to its use for 
brachytherapy (and different other new experimental approaches, such as cryotherapy or 
photodynamic therapy), compared to new and only limited availability of transrectal 
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with risk calculators availability. Using single PSA cutoff value would be the same as 
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non-smoker, his parents lived till age 100 and has cholesterol of 5.3 mmol/L – to be at 
high risk for cardiac event because his cholesterol is elevated (above 5.2). Using single 
PSA value for biopsy decision would be the same as claiming for an overweight (BMI 30), 
sedentary man, heavy smoker, on three anti-hypertensive medications whose parents 
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individual chances for biopsy outcome. Calculators report risk for high grade (Gleason 7 
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he has 6% chance of finding important high risk cancer and he has approximately 20% 
(26-6) chance biopsy would find cancer which may not be clinically important at present 
(but maybe in the future) and we would have to deal with this. If we explain this way, 
most men can and do take their own decision, whatever it is (to proceed with biopsy or 
continue PSA follow up). 
Using risk calculators often surprises us with values one would not expect. For example use 
Sunnybroke Prostate risk calculator (see below) and take 75 years old healthy Caucasian 
male with PSA of 3.9, %free PSA 22%, IPSS 9, in a good health (for example upper 25% of his 
generation), no family history for prostate cancer and negative DRE. He has more than 15 
years of life expectancy, 39% risk of prostate cancer and 20% risk of having at present high 
grade prostate cancer (Gleason 7 or more). 20% risk of high grade cancer and more than 15 
years of life expectancy - would you suggest a biopsy? 
At present (june 2011), one of the most modern (can take into account PCA3, p2PSA...) pre-
biopsy nomograms is available from UT Health Science Center, San Antonio, head Ian 
Thompson (http://deb.uthscsa.edu/URORiskCalc/Pages/calcs.jsp). Opponents of his 
calculator state it has good estimation of overall cancer risk, but underestimates high risk 
cancers. Large urology collection of nomograms, also many pre-biopsy nomograms 
including estimation of biopsy risks, are available from Pierre Karakiewicz, Cancer 
Prognostics and Health Outcomes Unit from University of Montreal Health Centre, Canada 
(www.nomograms.org). Calculators derived from European Randomized study of 
Screening for Prostate Cancer (Fritz Schroeder) are available at SWOP Prostate Cancer 
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simple and modern (more accurate high risk cancers estimation) pre-biopsy nomogram is 
available from SunnyBrook Health Sciences Centre, Toronto: http://sunnybrook.ca/ 
content/?page=OCC_prostateCalc. 
Different nonograms, for example taking into account 3D biopsy approach (Sakura et al., 
2011) are being developed and published constantly. Also, comparisons (Oliveira et al., 
2011) and evaluations (Ngo et al., 2011) are permanently performed and published. When 
using nomograms, one should be aware of their limitations (Vickers & Cronin, 2010). 
NCCN guidelines on prostate cancer early detection not require nomogram use, follow in 
part risk adapted approach, cover most “before biopsy” issues, are regularly updated and 
modern. They are available freely after registration from www.nccn.org. 
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3. Methods of biopsy 
Prostate cancer was in the past diagnosed most often using histology from transurethral 
resection, which was performed for local complications of prostate cancer or merely BPH. 
As it became clear such diagnosis is most often too late, makes subsequent radical surgical 
treatment more difficult and as PSA become available, biopsy had become diagnostic 
method of choice. At first, it was finger guided, blind. With development of transrectal 
ultrasound (trus – transrectal ultrasound guided prostate biopsy) and coupling it to 18G 
needle, Pandora box of prostate cancer was opened. 

3.1 Transrectal or transperineal approach? 
Most prostate biopsies around the world are performed transrectally, as this naturally 
developed from transrectal finger guided approach, is cheaper, simpler, does not need 
any analgesia or anaesthesia (although it is highly recommended, see section 4.3). 
Transperineal approach does need at least local anaesthesia. On same occasions, like post 
surgical amputation of the rectum, if it is sutured, transperineal biopsy (or transgluteal) 
may be the only way. However, such biopsy is guided by US probe on the perineum or in 
the urethra or more often by CT or MRI, which is not the way transperineal biopsy is 
performed regularly. Regular transperineal biopsy is performed using probe in the rectum 
and needle is advanced through the skin above rectal opening. Transperineal approach 
has similarity with the way some treatments are performed (brachytherapy...). Treatment 
templates may be used for biopsy which may guide biopsy needle to a specific part of 
prostate, which is seen as potentially more effective and with better gain. Recently, 
stereotactic templates (even motorized and computer guided) have become available also 
for transrectal prostate sampling – mechanically assisted 3D TRUS guided biopsy system 
(Megwalu et al., 2008). Supporters of transperineal approach suggest transperineally 
apical and anterior parts of the prostate may be better accessed compared to transrectal 
approach. For those reasons, studies were designed to compare yields of transrectal 
versus transperineal biopsy approach in primary 12-core and saturation 20-core schemes 
(Hara et al., 2008; Abdollah et al., 2011). Those studies uniformly showed no difference in 
cancer yields. However, this has not convinced proponents of transperineal approach. In 
regions, where transperineal approach was used routinely and claimed to be better 
compared to transrectal (for example some parts of Italy), they are only lately 
discovering prostate biopsy with end-fire probe (Galosi et al., 2010). Due to technical 
development of ultrasound equipment, some manufacturers (also very respectful one), 
were using side-fire probe with needle “through-the-probe” technology. This was 
proved to be inferior (Chin et al., 2009) in comparison to end-fire biopsy approach (see 
below). Therefore comparison of perineal to side-fire transrectal approach is not 
appropriate. Combination of transrectal and transperineal approach has also been used 
and described, aiming at gaining best from both approaches and maximizing cancer 
detection rate (Kawakami et al., 2007). 
Transrectal approach is recommended for routine primary and also saturation prostate 
biopsy. On rare occasions, where stereotactic guidance may be needed, decision on 
approach depends on availability of equipment. At present, equipment for transperineal 
stereotactic approach is more often available and more widespread, due to its use for 
brachytherapy (and different other new experimental approaches, such as cryotherapy or 
photodynamic therapy), compared to new and only limited availability of transrectal 
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computer and motor guided tools for prostate biopsy. Therefore, transperineal biopsy may 
be method of choice in selected cases. 

3.2 Transrectal ultrasound probe 
After analogue ultrasound probes have settled to history, electronic probes prevailed. Rotating 
mechanical sector probes have not gained popularity in the past. Present standard is electronic 
multi-element transducer - array. They come in two configurations. Side-fire probes have 
longitudinal transducer and take biopsies in longitudinal sections – sagittal plane, while end-
fire probes have curved array detector and allow biopsies to be taken also in transverse plane. 
In the past, Bruel and Kjaer and Kretz offered for prostate biopsy primarily side-fire probes 
and this was subjectively seen as better approach compared to end-fire probes (vaginal 
probes), used “secondarily” also for prostate biopsies. However, end-fire proponents build 
hypothesis better detection rate to be expected with end-fire sampling in transverse plane due 
to ability to direct needle more towards lateral part of the peripheral zone, where most tumors 
arise. This hypothesis was at first tested and confirmed for sextant biopsy in PSA range 4-10 
(Paul et al., 2004). This issue was challenged again in 2009, hypothesising end-fire probe has 
more oblique angled trajectory allowing better peripheral sampling (Ching et al., 2009). To 
reach anterior gland and apex in longitudinal plane, side-fire probe should be turned a lot and 
moved in a way which often causes pain as moves point of entry of the needle below dentate 
line of the rectum. End-fire probe allows better manipulation and targeting desired areas of 
prostate. Hypothesis was confirmed in their study, finding significantly better detection rate 
overall in the end-fire group compared to side-fire group and better detection in side-fire 
group for biopsies with more than 8 cores (8-12, 13-19 and 20 and more) and all PSA ranges 
(below 2.5, 2.5-4, 4-10 and more than 10) (Ching et al., 2009)  
Later, side-fire probes were often bi-planar, therefore allowing better orientation in the 
prostate, if one views it in two planes and offering choice between end-fire or side-fire 
biopsy guide. At present, interest has moved from purely end-fire or side-fire biopsy 
towards combined biopsy opinions and probe designs are now aiming further at 3-plane, 3D 
imaging and computer guidance... Biplanar probes have become standard equipment also 
because linear longitudinal array on the probe is necessary for transperineal prostate 
procedures guidance, while end-fire part is used for standard transrectal biopsy. Ideally, 
one should have the ability to use biplanar probe, but probably prefer end-fire setting for 
taking most biopsy cores.  
As history is repeating and revealing again in many aspects of human life, new TargetScan 
device (Envisioneering Medical Technologies, St. Louis, MO, USA) uses mechanical sector 
probe with single rotating element, applying it in “side-fire” configuration, but with needle, 
which bends, thus overcoming drawbacks from side-fire systems (Taneja, 2006). 

3.3 Biopsy needle 
Form, length, thickness, shape of biopsy needle, as everything regarding prostate biopsy, is 
being constantly challenged. It seems at present thickness of the needle is settled to 18G, 
needles are side-notch, true-cut, straight with stroke length of 22 mm. 
But it was not always so – aspiration biopsy (cytological biopsy) was around and well not so 
many years ago (Gustafsson et al., 1990). Length of the needle may not seem important at 
first sight, but for systematic sampling of all areas of big prostates, standard needle length 
may become limiting factor, as it may simply not be possible to advance needle from biopsy 
guide into the prostate enough to get sampling of all desired areas in a big or a bit 
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differently formed prostate. For example, TargetScan (Envisoneering) declares needle 
movement of 2.2 cm (standard for most biopsy guns, but not all) and possibility of needle 
protruding 2 cm from tip of biopsy guide before firing – together 42 mm of needle 
penetration. This is a description of a dedicated “robotic” system. In every day life, where 
ultrasound system and needle guide are one thing, hospital's supply for needles another and 
hospital's selection of biopsy-guns third issue, this should be considered, measured and 
perhaps some longer needles acquired for bigger prostates. Many other variants of needle 
characteristics were evaluated. Regarding stroke length, 33 mm end-cut was proposed (Dogan 
et al., 2005) by some, others proposed 29 mm side-notch instead of 22 mm (Fink et al., 2005). It 
is obvious longer is better and at least 22 mm should be used instead of old 15 mm, which was 
used at introduction of now obsolete sextant biopsy scheme (Hodge et al., 1989). Also 
thickness of needle was questioned – 18G (1.27 mm) was compared to thinner needles (0.9 mm 
(20G), 0.8 mm and 0.7 mm(22G)) – this old study found 0.9 mm may be acceptable (Norberg et 
al., 1994) – however it is not used in practice today. More recent studies evaluated thickness of 
needles again – non-ferromagnetic titanium needles were evaluated for quality of yield in 
comparison to standard needles – 16G (1.65 mm) titanium needle was found to provide 
samples of good quality and better compared to 18G regular (Franiel et al., 2006). However, 
also for MRI guided puncture, commercially available product is 18G needle (TSK, Japan) with 
characteristics comparable to regular needles. 
Until recently, only straight needles were in wide use. This creates problem with 
accessibility (see section 3.2). Recent machine for stereotactic trus biopsy Targetscan aims to 
overcome this problem with new pliable needle, which bends and allows good approach to 
most sites in the prostate in side-fire configuration. 

3.4 Image guidance 
In the beginning of transrectal prostate ultrasound era, large efforts were made attempting 
to recognize cancerous areas of prostate on gray ultrasound picture. Although hypoechoic 
lesions were identified as important (Terris et al., 1991) and we still lean toward specifically 
sampling hypoechoic areas as suspect in our every-day prostate biopsy work, we can not 
rely on them. After color doppler ultrasound was introduced, suspect areas were proposed 
to be the ones, which have higher or disorganized blood flow. Many studies have confirmed 
better sampling with the help of doppler or color flow imaging. However, presentation of 
subtly disorganized prostate vasculature and blood flow in potential cancer foci is very 
delicate and very dependent on sonographist, so only highly specialized individuals were 
and are able to put theory into practice. They are still trying to improve visualization of 
vasculature, either with ultrasound contrast or with other pharmacological agents, but other 
three presently available imaging techniques seem more promising as they may be more 
standardized and therefore easier for every urologist or radiologist, who, in a hurry and 
overwhelmed with other everyday work, perform mass of prostate biopsy burden: 
elastography, ANNA C-TRUS and HistoScanning.  

3.4.1 Role of MRI  
Magnetic resonance imaging with different modalities has established its role in prostate 
cancer imaging. Apart from T1 and T2 weighted images (Jager et al., 1996), which are not 
enough, multi-modal approach, like diffusion weighted imaging and dynamic contrast 
enhanced imaging was found necessary to identify tumor suspicious regions. Role of 
endorectal coil, although sometimes debated (for example for 3T may not be so important as 
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computer and motor guided tools for prostate biopsy. Therefore, transperineal biopsy may 
be method of choice in selected cases. 
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to ability to direct needle more towards lateral part of the peripheral zone, where most tumors 
arise. This hypothesis was at first tested and confirmed for sextant biopsy in PSA range 4-10 
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moved in a way which often causes pain as moves point of entry of the needle below dentate 
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overall in the end-fire group compared to side-fire group and better detection in side-fire 
group for biopsies with more than 8 cores (8-12, 13-19 and 20 and more) and all PSA ranges 
(below 2.5, 2.5-4, 4-10 and more than 10) (Ching et al., 2009)  
Later, side-fire probes were often bi-planar, therefore allowing better orientation in the 
prostate, if one views it in two planes and offering choice between end-fire or side-fire 
biopsy guide. At present, interest has moved from purely end-fire or side-fire biopsy 
towards combined biopsy opinions and probe designs are now aiming further at 3-plane, 3D 
imaging and computer guidance... Biplanar probes have become standard equipment also 
because linear longitudinal array on the probe is necessary for transperineal prostate 
procedures guidance, while end-fire part is used for standard transrectal biopsy. Ideally, 
one should have the ability to use biplanar probe, but probably prefer end-fire setting for 
taking most biopsy cores.  
As history is repeating and revealing again in many aspects of human life, new TargetScan 
device (Envisioneering Medical Technologies, St. Louis, MO, USA) uses mechanical sector 
probe with single rotating element, applying it in “side-fire” configuration, but with needle, 
which bends, thus overcoming drawbacks from side-fire systems (Taneja, 2006). 
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needles are side-notch, true-cut, straight with stroke length of 22 mm. 
But it was not always so – aspiration biopsy (cytological biopsy) was around and well not so 
many years ago (Gustafsson et al., 1990). Length of the needle may not seem important at 
first sight, but for systematic sampling of all areas of big prostates, standard needle length 
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differently formed prostate. For example, TargetScan (Envisoneering) declares needle 
movement of 2.2 cm (standard for most biopsy guns, but not all) and possibility of needle 
protruding 2 cm from tip of biopsy guide before firing – together 42 mm of needle 
penetration. This is a description of a dedicated “robotic” system. In every day life, where 
ultrasound system and needle guide are one thing, hospital's supply for needles another and 
hospital's selection of biopsy-guns third issue, this should be considered, measured and 
perhaps some longer needles acquired for bigger prostates. Many other variants of needle 
characteristics were evaluated. Regarding stroke length, 33 mm end-cut was proposed (Dogan 
et al., 2005) by some, others proposed 29 mm side-notch instead of 22 mm (Fink et al., 2005). It 
is obvious longer is better and at least 22 mm should be used instead of old 15 mm, which was 
used at introduction of now obsolete sextant biopsy scheme (Hodge et al., 1989). Also 
thickness of needle was questioned – 18G (1.27 mm) was compared to thinner needles (0.9 mm 
(20G), 0.8 mm and 0.7 mm(22G)) – this old study found 0.9 mm may be acceptable (Norberg et 
al., 1994) – however it is not used in practice today. More recent studies evaluated thickness of 
needles again – non-ferromagnetic titanium needles were evaluated for quality of yield in 
comparison to standard needles – 16G (1.65 mm) titanium needle was found to provide 
samples of good quality and better compared to 18G regular (Franiel et al., 2006). However, 
also for MRI guided puncture, commercially available product is 18G needle (TSK, Japan) with 
characteristics comparable to regular needles. 
Until recently, only straight needles were in wide use. This creates problem with 
accessibility (see section 3.2). Recent machine for stereotactic trus biopsy Targetscan aims to 
overcome this problem with new pliable needle, which bends and allows good approach to 
most sites in the prostate in side-fire configuration. 

3.4 Image guidance 
In the beginning of transrectal prostate ultrasound era, large efforts were made attempting 
to recognize cancerous areas of prostate on gray ultrasound picture. Although hypoechoic 
lesions were identified as important (Terris et al., 1991) and we still lean toward specifically 
sampling hypoechoic areas as suspect in our every-day prostate biopsy work, we can not 
rely on them. After color doppler ultrasound was introduced, suspect areas were proposed 
to be the ones, which have higher or disorganized blood flow. Many studies have confirmed 
better sampling with the help of doppler or color flow imaging. However, presentation of 
subtly disorganized prostate vasculature and blood flow in potential cancer foci is very 
delicate and very dependent on sonographist, so only highly specialized individuals were 
and are able to put theory into practice. They are still trying to improve visualization of 
vasculature, either with ultrasound contrast or with other pharmacological agents, but other 
three presently available imaging techniques seem more promising as they may be more 
standardized and therefore easier for every urologist or radiologist, who, in a hurry and 
overwhelmed with other everyday work, perform mass of prostate biopsy burden: 
elastography, ANNA C-TRUS and HistoScanning.  

3.4.1 Role of MRI  
Magnetic resonance imaging with different modalities has established its role in prostate 
cancer imaging. Apart from T1 and T2 weighted images (Jager et al., 1996), which are not 
enough, multi-modal approach, like diffusion weighted imaging and dynamic contrast 
enhanced imaging was found necessary to identify tumor suspicious regions. Role of 
endorectal coil, although sometimes debated (for example for 3T may not be so important as 
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for 1.5T), seems also well established (Comet-Batlle et al., 2003). Tumor suspicious regions 
are found in different proportions, depending on criteria and number of different imaging 
modalities applied and can reach up to 98% even in post-trus-negative biopsy setting. After 
tumor suspicious regions are identified, sampling is needed.  
The easiest approach would be image fusion to trus picture, which is moving from 
development phase (Hu et al., 2010) and in some centers already represents routine practice 
(for example Heidelberg, Germany). Two systems are in development: transrectal Artemis - 
Eigen, Grass Valley, CA, USA (Natarajan et al., 2011) and transperineal BiopSee - MedCom, 
Darmstadt, Germany (Hadaschik et al., 2011). Incidental reports show identification and 
confirmation of cancer in patients with previously negative ANNA C-TURS biopsy, 
however, at present there are no studies which would compare any of the mentioned 
techniques and show individual strengths and indications. 
Some researchers perform MRI examination with plastic simulator of endorectal probe in-
situ to simulate deformation expected during trus biopsy setting (Ukimura et al., 2010). 
Others perform 3D ultrasound imaging and use electromagnetic positioning device to 
perform biopsies (Turkbey et al., 2011).  
Straightforward use of MRI would be MRI guided biopsy of MRI identified suspicious 
regions of prostate. Although at present available only in few institutions, this may very 
soon become more widespread as technology, procedure and equipment seem more and 
more ready for prime time (Roethke et al., 2011). Two independent retrospective series, 
performed with 1.5T or 3T magnets, from Netherlands (Hambrock et al., 2010) and from 
Germany (Roethke et al., 2011), report 52% and 58% (of patients with tumour suspicious 
regions identified) of positive MRI-guided biopsies after previous negative trus guided 
prostate biopsies.  

3.4.2 ANNA C-TRUS and HistoScanning 
Idea about reflected ultrasound wave analysis, which should reveal more data than can be 
seen just with naked eye, is old. There were and are still experiments taking place in 
developing algorithms of data analysis. Most often prostate is evaluated with transrectal 
ultrasound before radical prostatectomy and pictures are saved. After radical 
prostatectomy, histological sections of prostate with known areas of cancer and benign 
tissue are correlated with saved ultrasound data. Aim is to allow identification of cancer 
regions on ultrasound before biopsy or surgery. There may be many usages – 
HistoScanning is evaluated for prediction of Gleason score, volume of cancer, number and 
localization of cancer foci, prediction of location of cancer focus in relation to 
neurovascular bundle and in relation to prostate borders – all those data may be useful 
not only for decision to proceed or postpone biopsy and to guide biopsy, but also for pre- 
and peri-operative or other treatment planning.  
ANNA C-TRUS is a method, which analyzes typical transrectal ultrasound pictures of 
prostate in transversal plane (for example 5, on sections, where one normally takes biopsy 
cores). Pictures can be taken with any digital US scanner. Pictures are then sent, 
uncompressed (using either .tif, .bmp or .png format), using internet, to the provider. After 
analysis, suspect areas are marked on pictures and urologist repeats examination, this time 
taking samples from areas marked. All data available about this method seem at present still 
from the inventor and copyright holder of the technique, prof. Loch from Flensburg, they 
seem at present not independently evaluated. From author's report in 2010, it seems C-TRUS 
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ANNA technique detected 66 cancers, taking up to 6 cores in a series of 132 patients with 
previous negative prostate biopsy. Series included 62 patients with previous 1 negative 
biopsy, 41 with previous 2 negative biopsies, 18 with 3 negative biopsies, 6 with 4 negative 
biopsies and 5 with previous more negative biopsies (5-6) (Loch, 2010). This indicates 50% 
positive biopsy in a setting where lower numbers would be obviously expected, but data are 
not clear which part of the C-TRUS ANNA positive biopsies belongs to group of only one 
previous negative biopsy, some of them with only 6 cores, and which was percentage in a 
subgroup of patients with more negative biopsies. Method is commercially available from 
Fresenius Kabi Deutschland, Bad Homburg and costs in 2010 without tax (VAT) 
approximately 378 eur per use (one set of pictures analysis – one patient).  
Prostatic HistoScanning was developed proprietary by company AMD, Waterloo, Belgium 
in cooperation with B/K ultrasound manufacturer. According to company's web site 
(accessed in April 2011), it is commercially available in EU and Canada and awaits FDA 
approval for US. First it was aimed as “triage test for men deemed to be at risk for prostate 
cancer and who wish to avoid prostate biopsy” (Braeckman et al., 2008). Later it seems they 
realized getting rid of biopsy is at present not attainable goal and they focused on 
improving sampling of the prostate at biopsy (Braeckman et al., 2008). It seems method was 
developed by comparing raw ultrasound data from prostates before biopsy to histological 
results of patients, positive for cancer, who underwent radical prostatectomy. In this way it 
seems development was similar to ANNA C-TRUS, each using own mathematical modeling 
for differentiation between benign and malign areas of prostate. However, AMD's 
HistoScann uses in a way “more straightforward” data, in a technical sense – but it needs 
specific B/K ultrasound machine and specific probe and is limited regarding other US 
manufacturer's data. In the community, availability of proper US machines for addition of 
HistoScann technology is limited. Advantage, compared to C-TRUS ANNA is in data 
analysis and processing in a “black box”, which is for AMD's HistoScanning on site, while 
with C-TRUS ANNA one has to send data (over internet) to central facility and wait for 
analysis, therefore ultrasound prostate examination and biopsy can not be performed the 
same day, while HistoScann allows this. How often algorithms are changed and which are 
better, has not been evaluated yet although both systems are already commercially available 
in Europe and are, as such, competitors.  
Some specific claims about HistoScanning were challenged in the letter to the editor of BJU 
(Aigner & Frauscher, 2009), objecting name of the method and questioning resolution and 
ability of ultrasound to detect small tumor foci. In response, authors admit some limitations 
of their method, specifically lower quality of signal and therefore potentially less reliable 
analysis in case of dense calcifications in the prostate or for analyzing anterior component of 
a very large prostate. They compare it with MRI claiming there is wider availability or US 
compared to MRI. It is at present not true – MRI is available in a lot of hospitals, endorectal 
coils are single use, however, specific B/K ultrasound machine with particular probe and 
motorized machine for rectal probe guiding and AMD's “black box” are not available and 
seem at present more costly compared to MRI examination. Advantage of all ultrasound 
approaches compared to MRI approaches lies in assumption of ultrasound picture to be 
easier for use in subsequent sample acquisition. With the expected development of 
programs for US – MRI picture fusion, this advantage of pure-ultrasound approach may 
disappear. Question which is better or are all those methods (MRI (T-2, DW and 
spectroscopy), elastography, C-TRUS ANNA and HistoScanning) comparable or perhaps 
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they may supplement each other, will become important source of research endeavours in 
the future. HistoScanning manufacturer intends to use the technology also for other cancers, 
like ovary, thyroid and breast, which may be advantageous as prostate diagnosis may 
benefit from multidisciplinary team. On the other side, C-TRUS ANNA was developed by 
urologists for urologists, can be used in almost any setting (any digital ultrasound machine 
is good) and seems to have at present more peer reviewed data. HistoScanning is not aiming 
only towards prostate biopsy guidance, but also aims at other potentially useful predictions 
regarding prostate cancer and seems to have larger research base with groups from different 
countries (UK, Germany) who study its potential applications. Whether one or both 
techniques will stand the test of time and what role they will play remains open. 

3.4.3 Elastography 
Real time transrectal ultrasonoelastograpy of the prostate is aimed at discrimination 
between harder and softer areas of prostate tissue. MRI elastography technology was also 
developed (S. Li et al., 2011), but here only ultrasound is described. Back-scattered 
ultrasound waves are displaced with compression or decompression of tissue 
(approximately 2%), harder areas showing less displacement compared to softer (Salomon et 
al., 2008). Elastography is performed in real-time, at the time of biopsy – no previous 
transrectal ultrasound examination (as for C-TRUS ANNA) is necessary. By subjectively 
observing US elastography picture, operator aims at evaluating symmetry of stiffness, focal 
areas of hardness and persistence of stiffness with probe tilting, aiming at stiff nodule more 
than 5 mm in diameter and persistence of stiffness after probe tilting (Giurgiu et al., 2011). 
There are different scoring systems (Salomon et al., 2009), some focus on identifying smaller 
lesions and potentially showing increased sensitivity (Kamoi et al., 2008). Technique of 
elastography is still improving, better differentiation markers are being developed 
constantly (Zhang et al., 2011). Further, standardization of compression with idea of leaving 
this part to the machine is also in testing (Tsutsumi et al., 2010). Regarding companies which 
provide elastography equipment, most studies have been performed using Hitachi machine, 
which is commercially available for prostate applications and most tested, although other 
manufacturers also offer this technology. Among target-biopsy techniques elastograpy 
seems at present most widely spread as technology is also in use for breast cancer 
(primarily) and investment needed is only in US machine and probe, there are no per-
investigation charges as for C-TRUS ANNA. Elastography procedure is also much simpler 
compared to MRI-US fusion. Another advantage of elastography is in its compatibility with 
power/color doppler techniques for image guidance, which can be performed 
simultaneously, therefore gaining from two sources. There are quite a few published studies 
describing experience with prostate elastograpy from different parts of the world. Study 
results are positive and seem to support claims that elastography improves cancer detection 
rate. One of the very appealing studies, from USA, analyzed help of elastograpy in biopsy of 
men with PSA values between 1.25 and 4 and free/total PSA ratio less than 18% (Aigner et 
al., 2010). They were able to detect 24% of cancers using 5 cores with elastography guidance 
compared to 5.1% cancers using 10 systematic biopsies. Another study, from Romania, used 
and compared in the same set of patients gray scale, doppler and elastograpyh data 
(Giurgiu et al., 2011). They found, in a series of 65 patients and 43% of them with identified 
cancer on biopsy, sensitivity of elastograpy to be 68% and specificity 62%. Particularly 
promising was elastography in a subgroup of older than 70 years, where sensitivity 
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increased above 80% and lead authors to propose, if their results are further confirmed, in 
case of negative elastography and doppler, biopsy in this group and in relatively stable PSA, 
may be avoided. 
On recent demonstration of C-TRUS ANNA and elastography at the occasion of EAU 
Congress in Vienna (march 2011), where both techniques were exposed to a patient with 4 
previous negative biopsies and rising PSA, both techniques failed to find cancer in those two 
patients. This shows, as one can deduce from literature cited above: in approximately 50% of 
patients with suspicious characteristics (PSA) and previous negative biopsy, we are unable 
to find cancer at present. For how long? Will they develop cancer in the future? What is the 
right strategy to follow them? How they end? All those questions are important and need 
answers in future research.  

3.4.4 Color, power doppler 
Angiogenesis is important in development of cancer and increased vascularity was 
detected in tumors in general and in radical prostatectomy specimens, therefore use of 
ultrasound to detect those changes was proposed. Color doppler imaging estimates mean 
frequency shift of doppler signal to determine velocity and direction of flow. Power 
doppler shows total energy of the signal by integrating it, therefore resulting in sig`nal 
with homogenous background and more precise detection of smaller and low flow vessels 
(Remzi et al., 2004). Study of usefulness of power and color doppler for evaluation of 
hypoechoic lesions showed 80% sensitivity and 82% specificity for detecting prostate 
cancer (Cho et al., 2000). Standardized criteria for scoring different degrees and 
distributions of prostatic vascularity were developed and also subjective scales seem to 
work well (Mitterberger et al., 2010), however this points to high subjectivity of the 
method, which is its drawback. 
Power doppler was used for evaluation of peripheral prostatic capsular vessels, 
parenchymal vessels and vessels anastomosing with extraprostatic vessels (Sauvain et al., 
2003). Criteria for suspicion of cancer in this study were increase in number of intra-lesional 
vessels, disoriented vessels or verticalized vessels in peripheral gland, asymmetrical blood 
flow, mass effect on the intraprostatic perilesional vessels and vessels in peripheral margins. 
Analyzing all those criteria, they aimed at estimation of prostate cancer stage by dividing 
lesions into three groups: absent extracapsular involvement, undetermined extracapsular 
involvement and presumably present extracapsular involvement. In this series, 55.7% 
patients had cancer and sensitivity of power doppler ultrasound was claimed to be 92%, 
specificity 72% (compared to 88% and 58% for ultrasound only). Group with ultrasound 
estimated lack of extracapsular involvement had this found in final pathology in 11%, while 
group with ultrasound suspicious for extracapsular involvement had it confirmed in 87%. 
Authors (Sauvain et al., 2003) conclude power doppler ultrasound improves accuracy of 
ultrasound imaging in the diagnosis of cancer, can increase detection rate, optimize number 
of biopsy cores and also predict extracapsular invasion by identification of capsule 
perforating vessels. 
When using ultrasound for evaluation of minor differences in prostate blood flow between 
cancerous and benign areas, many factors can interfere with the results – for example 
position of the patient – it was shown left decubitus position caused flow asymmetry 
resulting in more biopsies directed toward left side without improving detection rate 
(Halpern et al., 2002).  
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Different pharmaceutical interventions were proposed to increase difference between 
cancer and benign tissue: improved view with contrast agent, increased flow with 
phosphodiesterase inhibitor (vardenafil) (Morelli et al., 2011) or decreased flow with 5-
alpha reductase inhibitor or combination of 5-alpha reductase inhibitor with contrast 
agent (Mitterberger et al., 2008).  
Contrast enhanced transrectal prostate ultrasound was extensively evaluated in multiple 
research projects (Wink et al., 2008). Microbubbles act as additional reflectors in bloodstream 
and increase sensitivity of color and power doppler imaging. Newer techniques, for 
example harmonic imaging, were also tested. Use of ultrasound contrast agent is associated 
with only minimal side effects, like alterations in taste, flush or pain at the injection site. 
However, it costs additional money for contrast. It should be performed in 4 minutes after 
contrast injection (half life of bubbles). Further drawback is strong operator-dependence of 
the technique. Contrast enhanced ultrasound enables visualisation of prostate cancer (in up 
to 78% of cases), but sensitivity and specificity are not enough to avoid systematic biopsies. 
Targeted biopsies using this technique are claimed to allow lower number of cores per 
session without decrease in detection rate (Wink et al., 2008). 
Use of 5-alpha reductase inhibitor was proposed in two staged approach: first color/power 
doppler evaluation of prostate is followed by 1-3 week of dutasteride and than reevaluation 
and biopsy guided to areas, where vascular signals have not decreased after treatment. 
Additional sextant systematic sample was also taken. Researchers claimed increased yield in 
targeted cores (20%) compared to sextant cores (8%) (Ives et al., 2005). 

3.5 Biopsy schemes and number of cores 
After finger guided biopsy strategies were replaced with ultrasound guided, it soon became 
clear (group around dr. Stamey, Stanford) 6 cores, taken in a systematic fashion, finds more 
cancer than aiming at hypo-echoic areas or randomly (Hodge et al., 1989). Standard 
approach, which hold for more than 10 years, was established: six cores were taken in 
parasagittal plane, one at the base, one mid-gland and one at apex. However, patients with 
negative biopsies and still suspicious for cancer, had repeat biopsies, which were almost as 
often positive as first biopsy – therefore it was obvious the system was not perfect. Aim 
should be – perform biopsy – if it is negative, then there is no cancer. Reality was – perform 
classic sextant scheme biopsy – if it is negative, then there is almost the same probability for 
cancer as before biopsy. So – search has begun for improvement of systematic biopsy scheme 
(mainly searching for optimal number of cores and location of cores) and this search has not 
settled yet. As this text aims at the future, not past, only some examples will be pointed out. 
Inadequacy of sextant scheme was proven many times, for example (Norberg et al., 1997) and 
also recent larger and longer retrospective data analyzes still turn to this question, for example 
regarding sextant biopsy's ability to predict unilateral disease (Mayes et al., 2011). First it 
became clear biopsies should be directed more laterally in the peripheral zone of the prostate 
(Eskew et al., 1997). Later, it seemed transitional zone inclusion may improve cancer detection, 
however this was abandoned for initial biopsy, because of inferior gain from transitional zone 
directed cores compared to more sampling toward far lateral mid-gland and anterior-apical 
areas. A lot of cancers are located on anterior horn of prostate. With repeat biopsy, of course, 
anterior transitional zone is also sampled (Chun et al., 2010). Innumerous analyzes have 
shown – more cores – more cancer. Prostate size has a role (Taneja, 2006). Nomogram was 
developed to optimize number of cores needed in relation to prostate size – so called Vienna 
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nomogram (Remzi et al., 2005), as it is obvious higher number of cores gives better sampling 
and improves detection. Later, while some still questioned Vienna nomogram's usefulness 
(Lecuona & Heyns, 2010), it became obvious number of biopsy detected cancers is related to 
sampling density, which is a quotient between prostate size and number of cores taken. A lot 
of nomograms, which predict probability of positive prostate biopsy, take sampling density 
into account (Chun et al., 2007). Regarding number of cores, it went up from six at first to 
eight, later ten, later twelve (a lot of us still using this number at present for majority of 
patients for first biopsy), fifteen, eighteen... up to twenty-one (Guichard et al., 2007) core per 
biopsy session. This number seems to be highest present routine extended systematic biopsy 
scheme, simply because twenty-four or more cores is called saturation biopsy (Ahyai et al., 
2010). Many have also argued they were unable to increase their cancer detection rate after 
increasing number of cores from for example 12 to 18. This underscores importance not only of 
number, but also direction of cores.  

3.6 Free hand systematic biopsy, targeted biopsy, prostatic mapping or combination 
Goal of prostate biopsy is not only to find “some” cancer in the prostate, as it was in the 
past. Now, it has not only to provide representative sample of DIL (dominant intraprostatic 
lesion), but also to show all “important” cancer areas in the prostate, describe precisely 
where they are and ensure other regions are cancer free. This is in contrast to efforts of 
targeted biopsies which claim they may reduce pain and burden of biopsy by reducing 
number of cores.  
Prostate-mapping biopsy approaches, for example TargetScann, have different approach – 
they aim at precisely sampling predefined sections of prostate with larger number of cores. 
Electronic doppler ultrasound probes are becoming increasingly complex and sensitive to 
detect blood flow signals in the prostate to help guiding biopsy. TargetScan's device 
ultrasound probe is sector and at present can not be used for image-guided approaches, but 
seems to provide relatively reliable results regarding prostate mapping, which is very 
important for all targeted therapy approaches (Andriole et al., 2007). “Robotic” probes 
(ultrasound systems, which are just inserted into rectum by physician and then guided by 
pressing buttons, are being developed also by other manufacturers.  
We have therefore a mix of partly competing, some probably complementary and some 
excluding technologies aiming at improving prostate cancer detection and staging. Which 
will find its way into every-day practice and to what extent, remains open. It seems at 
present repeat biopsy yield is about 20%-40% and targeted biopsy methods claim, in repeat, 
previously negative setting, yield of 50%. All those new approaches need evaluation and 
confirmation. One way may be showing significantly better performance of targeted or 
mapping approaches compared to prediction of nomograms for repeat biopsy setting (Chun 
et al., 2007).  
Overall, it seems at present first biopsy should be 10-18 laterally directed cores (depending 
on prostate size, for prostates larger than 50 ml minimum 14). Targeted biopsy only, with 
less than 6 cores, may generally not be appropriate for the first biopsy, as it is far from 100% 
and we need to assess whole prostate. 
For second and later biopsies, as targeted opinions are becoming more and more 
widespread and therefore accessible and are not untested technical glitches any more, we 
may in 2011 suggest any of the recently developed opinions, depending on local availability, 
as follows. 
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1. If no targeted approach is available and also there is lack of funds (for example for C-
TRUS ANNA), transrectal saturation biopsy may be performed and probably it may be 
useful to perform MRI or choline PET-CT to help identifying suspicious areas. 

2. If equipment and local expertise allow, any of the targeted biopsy methods (for example 
C-TRUS ANNA or others) should be used. 

3. Stereotactic biopsy (TargetScan or transperineal) is definitely better opinion compared 
to free-hand saturation biopsy. Stereotactic approach may also be suggested after 
diagnosis, regarding watchful waiting or minimally invasive therapies planning.  

4. Periprocedural considerations 
Prostate biopsy is potentially dangerous and painful procedure. Preparation, informed 
consent with explanation of possible complications, administration of proper antibiotic 
prophylaxis, policy on anticoagulant and antiaggregation medications and pain 
management should be standardized and followed in every patient. 

4.1 Enema and needle handling 
Although bowel preparation with enema or clear fluids are not necessary before biopsy 
(Zaytoun et al., 2011) or no statistically significant increase in complication rate was 
identified with change of regimen (Ruddick et al., 2011), some still claim less septic 
complications with enema use (Kanjanawongdeengam et al., 2009) or even with the way 
enema is properly administrated (Huang et al., 2006). In the light of modern approaches to 
bowel surgery, extensive enemas really look outdated, but it is obvious rectum should be 
empty before biopsy and suppository in the evening or morning before biopsy seems very 
reasonable and appropriate. The future with development of resistant bacteria may even 
bring back old classical methods (cleaning rectum with povidone iodine enema or simply 
povidone iodine suppository), but at present this is not standard. 
Question of role of re-inserting “dirty” needle. Most of us use one needle for the whole 
procedure (all cores). Some (Kisner in Maribor, Slovenia) have insisted on using sterilized 
needle with every core, others studied cleaning needle with povidone iodine solution 
during procedure (Koc et al., 2010). No decrease in complications was shown with those 
techniques.  

4.2 Antibiotics 
Most common causative organism for infectious complications following trus prostate 
biopsy is E.coli. Antibiotic prophylaxis is necessary and guidelines from European and 
American urological societies have been issued and regulate this question, although 
different antibiotic regimens are used in practice. Guidelines are freely accessible on web 
from the issuing societies (EAU and AUA) and provide also extensive lists of literature, 
which will therefore not be reviewed again here.  
EAU guidelines (www.uroweb.org, 2010 edition) recommend antimicrobial prophylaxis, 
but admit choice of regimens remains debatable. They list studies which suggest single 
doses for low-risk patients and remark, prolonged course should be considered for high-risk 
patients. Expected patogens are Enterobacteriaceae and possibly also anaerobes. 
Recommended antibiotics are fluoroquinolons, TMP+SMX and metronidazole with question 
mark (no evidence).  
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AUA guidelines (www.auanet.org, 2008 edition, reviewed 2010) also confirm prophylaxis is 
indicated in all patients as randomized controlled trials have confirmed significantly lower 
rates of complications in antibiotic groups. They also claim single dose may be adequate. 
A lot depends on local antibiotic resistance patterns. For example, if TMP+SMX regimen is 
not used even for non-complicated urinary tract infections in one area, one would not use it 
for prostate biopsy prophylaxis either. One can never predict for sure future development of 
antibiotic resistance. Therefore, constant vigilance is needed and monitoring rates of 
infectious complications is necessary. Special attention should focus on repeat biopsies and 
this setting may sometimes deserve different antibiotic scheme or previous culture and 
susceptibility analysis. Later may be performed in two ways – patients with catheters or 
other urinary tract insertions may be screened using urine culture (Bruyere et al., 2010), but 
all who need screening should have their stools sample cultured for resistant strains. 
Resistant strains do occur and may significantly contribute to complications (Liss et al., 
2011). Due to high probability of E.coli resistance to quinolones in cases of patients returning 
to hospital after prostate biopsy with quinolone prophylaxis, it is wise to use another 
antibiotic before cultures are known (although it seems obvious, people do often get 
prescribed flouroquinolone again). If there is no or low risk for ESBL, cephalosporines 
(probably third generation) may be the best initial guess (Zaytoun et al., 2011). 
Although single dose is claimed useful, in our and many other situations most patients can 
be considered not low risk regarding infectious risk classifications (more than 65 years of 
age, concomitant diseases, like diabetes and lower urinary tract symptoms, incomplete 
bladder emptying). Therefore typical scheme (as we use it and others, for example (Campos-
Fernandes et al., 2009), uses ciprofloxacin 500 mg twice daily started before biopsy and 
continued for three days. It was shown to decrease rate of complications after biopsy 
(Schaeffer et al., 2007). As every single infectious complication, even most minor, requiring 
any health-service contact, even only consultation, is seen as a big problem and aim is to 
avoid any complication, there are many patients who probably benefit from short course 
and not single dose antibiotic and this may be further reason why urologists are reluctant in 
accepting single dose only approach.  
Metronidazol is added in some centers routinely, but most do not use it at present. 
However, it might be useful for specific patients, with specific predisposing conditions and 
in combination with other antibiotics (for example cephalosporins, although subjective 
experience shows more complications with their use for this purpose), when 
flouroquinolone resistance or intolerance is present. 
Instead of 1-2 hour prior to procedure fluoroquinolone orally, same use parenteral 
aminogylcoside (gentamicin or amikacin) or aminopenicilline with betalactamase inhibitor 
(co-amoxiclav) at the time of biopsy, which is followed by oral antibiotic (often 
fluoroquinolone, but also others) at home. This scheme is used in some centers and may be 
helpful when compliance with oral regimen prior to biopsy is questionable or for allergy 
and non-tolerance to quinolones or in areas with high resistance to quinolones (Kehinde et 
al., 2008). Combination of periprocedural oral dose of ciprofloxacine with iv dose of 
gentamicin may be method of choice for single dose regimens.  
Additional important recent problem regarding fluoroquinolones was finding 
significantly different serum concentrations of active drug comparing different generic 
manufacturers (Kehinde et al., 2010). Apart from probable reason for higher complication 
rate, substandard antibiotics preparations also contribute to resistance development as 
longer courses are needed and as a consequence low concentrations of drug are present in 
the environment for longer time.  
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4.3 Pain control 
Only 11% of urologists in US used local anesthesia to reduce pain during trus biopsy in 2002 
(Davis et al. 2002). At the time, a strong appeal from one of the most distinguished opinion 
leaders favored local anesthesia (Soloway, 2003). Thereafter, guidelines (AUA, EAU, NCCN) 
all recommended or even mandated (AUA) local pain medication use during this 
procedure. Intrarectal application of eutectic cream or lidocaine jelly may decrease pain as 
some anesthetic agent may reach site of pain with diffusion, but it is variable and is 
considered not adequate. Pain during transrectal prostate biopsy is caused by two sources.  
First source of pain is probe insertion and presence and movement of probe in the anal 
canal during biopsy. This can be ameliorated with slow and gentle dilation and local 
lidocaine jelly or EMLA cream, but other measures for relaxation of sphincter were also 
used with success and are available – local glyceryl trinitrate oinment or spray or local 2% 
diltiazem or 0,2% - 0,5% nifedipine oinment. Using gylceryl trinitrate oinment, headache 
was noted as side effect in 10% of patients – dose was 2 mg (McCabe et al., 2007). It 
remains open, whether lower dose of spray (0,4 mg/activation) would reach same effect 
with less side effects. 
Second source of pain during trus biopsy is related to nerves in prostate capsule and 
neurovascular bundles. After a lot of research (for example (Scattoni et al., 2010)) it seems 
accepted injection of 2x 5 ml (each side) of 1% lidocaine most appropriately reduces pain. 
Site of injection may be at the base (basolateral periprostatic nerve plexus area, described 
also as prostate-vesicular junction injections) or at the apex. Debate where to inject sill 
continues. Quality control suggested for standard technique of periprostatic block, 
observation of hypoechoic nodule (“wheal”) formation on the site of injection is needed. It 
was shown least pain (best effect) was observed, when hypoechoic nodule formed after 
injection on both sides (Obek et al., 2006). Regarding injectable agents, for potential 
lidocaine allergic patients, tramadol has significant local anesthetic properties and is 
universally available and it has also been studied in this setting (Seckiner et al., 2011).  
Addition of oral medication, either for sedation or for additional pain relief may be also 
helpful in selected patients.  

5. Complications 
Generally, complications are: hematuria (13%-74%), hemospermia (30%), blood at stools 
(1%), pain (4%), nausea (up to 1%), fever (up to 1%), epididymitis (up to 1%), infection 
which needs hospitalization (0,3%). Most feared complication is sepsis.  
Another important complication is bleeding. Patients can bleed from rectum, they can 
observe hematuria or hemospermia. Bleeding is most often self limiting and settle in a few 
days. Rarely significant issues (bladder tamponade or significant rectal bleeding) would 
occur. Such occasions would of course necessitate hospitalization or use of appropriate 
standard measurements for treatment. Bleeding may be more significant with anticoagulant 
treatment. Warfarin is stopped well before biopsy and patient is covered with low molecular 
weight heparin. Low dose acetylsalicylic acid (aspirin) may be continued, although some 
still recommend a drug holiday for a few days (till bleeding settles). There are no experience 
with newer antithrombotic drugs (for example dabigatran and other factor Xa inhibitors) 
and it is generally suggested to be avoided during prostate biopsy (changed to low-
molecular weight heparin, the same as for warfarin). Clopidogrel should also be stopped, 
although there is a report claiming 15% of urologists to continue with both clopidogrel or 
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warfarin (Brewster et al., 2010). This is not advisable, except aspirin and low molecular 
weight haparin, all other similarly working medications should be stopped before biopsy. 
Regarding clopidogrel, explicit agreement and consent between patient, his cardiologist and 
urologist may result in exception, but extreme caution is needed.  
Immediate complications, like fainting, diaphoresis should be controlled by adequate local 
pain control. It is also not advisable for patients to be completely fasted. 
Rate of complications increases with time. Most important and frequent seem infectious 
complications. Reasons for increasing rates of complications may be increasing numbers of 
cores per procedure or increased antibiotic resistance (Nam et al., 2010).  
Long term complications of prostate biopsy would be development of pain syndromes or 
problems with erectile function, which was described recently (Klein et al., 2010). This 
reminds us that indefinitely repeating biopsies and increasing number of cores per biopsy 
may not be the best way forward. Selective, targeted approaches must be taken seriously, as 
prostate biopsy is not without its consequences. 

6. Chemopreventive stategies 
Inhibitors of 5-alpha reductase (5ARI), finasteride or dutasteride, may be used short term to 
decrease blood flow in the prostate before biopsy (as described at the end of section 3.4.4). 
Further, it is speculated their longer term use (6 months or more) may decrease proportion 
of benign prostate in a whole gland and in this way increase chances for prostate cancer 
detection on prostate biopsy. It may also reduce development of low grade cancer. One 
possible strategy for use of 5ARI inhibitors is prescription of drug after first or second 
negative biopsy and then regular follow up of PSA. PSA is expected to decrease. Trigger for 
repeat biopsy is any increase of PSA above nadir or if PSA value under 5ARI is above 40% of 
initial PSA value. Described approach was recently retrospectively evaluated in abstract 
form, using REDUCE data (Roobol et al., 2011). However, a proportion of prostate cancers 
do progress (for example on watchful waiting) without this fact reflecting in increase of 
PSA. Therefore a possibility of prostate cancer progression (in patients on 5ARI treatment or 
without) while PSA values would not increase is a serious concern and needs further 
research. We should always be aware, none of our methods is 100% successful. 

7. Conclusion 
Future of prostate biopsy will be interesting, a lot of new ideas and technologies are 
competing at present and it remains open which will, in the end, dominate the market and 
our every-day practice.  
Although new targeted technologies, either ultrasound or magnetic resonance, may improve 
detection and sampling and reduce need for increasing number of cores and repeat biopsy 
sessions, none seem at present nearing 100% sensitivity or specificity. At present, 
approximately 50% positive biopsy rate is expected in repeat biopsy setting using either C-
TRUS ANNA or MRI-guided or MRI-US picture fusion guided biopsy.  
As burden of biopsies may increase dramatically in the near future (as explained above - 
(Quon et al., 2011)) further increases in complexity and technological demands may not be 
able to satisfy mass biopsy needs. Prostate biopsy is not very demanding procedure, 
potential harms and problems for patients do exist, but are not nearly as large as for 
different forms of prostate cancer treatments. Therefore, such a breakthrough as happened 
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all recommended or even mandated (AUA) local pain medication use during this 
procedure. Intrarectal application of eutectic cream or lidocaine jelly may decrease pain as 
some anesthetic agent may reach site of pain with diffusion, but it is variable and is 
considered not adequate. Pain during transrectal prostate biopsy is caused by two sources.  
First source of pain is probe insertion and presence and movement of probe in the anal 
canal during biopsy. This can be ameliorated with slow and gentle dilation and local 
lidocaine jelly or EMLA cream, but other measures for relaxation of sphincter were also 
used with success and are available – local glyceryl trinitrate oinment or spray or local 2% 
diltiazem or 0,2% - 0,5% nifedipine oinment. Using gylceryl trinitrate oinment, headache 
was noted as side effect in 10% of patients – dose was 2 mg (McCabe et al., 2007). It 
remains open, whether lower dose of spray (0,4 mg/activation) would reach same effect 
with less side effects. 
Second source of pain during trus biopsy is related to nerves in prostate capsule and 
neurovascular bundles. After a lot of research (for example (Scattoni et al., 2010)) it seems 
accepted injection of 2x 5 ml (each side) of 1% lidocaine most appropriately reduces pain. 
Site of injection may be at the base (basolateral periprostatic nerve plexus area, described 
also as prostate-vesicular junction injections) or at the apex. Debate where to inject sill 
continues. Quality control suggested for standard technique of periprostatic block, 
observation of hypoechoic nodule (“wheal”) formation on the site of injection is needed. It 
was shown least pain (best effect) was observed, when hypoechoic nodule formed after 
injection on both sides (Obek et al., 2006). Regarding injectable agents, for potential 
lidocaine allergic patients, tramadol has significant local anesthetic properties and is 
universally available and it has also been studied in this setting (Seckiner et al., 2011).  
Addition of oral medication, either for sedation or for additional pain relief may be also 
helpful in selected patients.  

5. Complications 
Generally, complications are: hematuria (13%-74%), hemospermia (30%), blood at stools 
(1%), pain (4%), nausea (up to 1%), fever (up to 1%), epididymitis (up to 1%), infection 
which needs hospitalization (0,3%). Most feared complication is sepsis.  
Another important complication is bleeding. Patients can bleed from rectum, they can 
observe hematuria or hemospermia. Bleeding is most often self limiting and settle in a few 
days. Rarely significant issues (bladder tamponade or significant rectal bleeding) would 
occur. Such occasions would of course necessitate hospitalization or use of appropriate 
standard measurements for treatment. Bleeding may be more significant with anticoagulant 
treatment. Warfarin is stopped well before biopsy and patient is covered with low molecular 
weight heparin. Low dose acetylsalicylic acid (aspirin) may be continued, although some 
still recommend a drug holiday for a few days (till bleeding settles). There are no experience 
with newer antithrombotic drugs (for example dabigatran and other factor Xa inhibitors) 
and it is generally suggested to be avoided during prostate biopsy (changed to low-
molecular weight heparin, the same as for warfarin). Clopidogrel should also be stopped, 
although there is a report claiming 15% of urologists to continue with both clopidogrel or 
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warfarin (Brewster et al., 2010). This is not advisable, except aspirin and low molecular 
weight haparin, all other similarly working medications should be stopped before biopsy. 
Regarding clopidogrel, explicit agreement and consent between patient, his cardiologist and 
urologist may result in exception, but extreme caution is needed.  
Immediate complications, like fainting, diaphoresis should be controlled by adequate local 
pain control. It is also not advisable for patients to be completely fasted. 
Rate of complications increases with time. Most important and frequent seem infectious 
complications. Reasons for increasing rates of complications may be increasing numbers of 
cores per procedure or increased antibiotic resistance (Nam et al., 2010).  
Long term complications of prostate biopsy would be development of pain syndromes or 
problems with erectile function, which was described recently (Klein et al., 2010). This 
reminds us that indefinitely repeating biopsies and increasing number of cores per biopsy 
may not be the best way forward. Selective, targeted approaches must be taken seriously, as 
prostate biopsy is not without its consequences. 

6. Chemopreventive stategies 
Inhibitors of 5-alpha reductase (5ARI), finasteride or dutasteride, may be used short term to 
decrease blood flow in the prostate before biopsy (as described at the end of section 3.4.4). 
Further, it is speculated their longer term use (6 months or more) may decrease proportion 
of benign prostate in a whole gland and in this way increase chances for prostate cancer 
detection on prostate biopsy. It may also reduce development of low grade cancer. One 
possible strategy for use of 5ARI inhibitors is prescription of drug after first or second 
negative biopsy and then regular follow up of PSA. PSA is expected to decrease. Trigger for 
repeat biopsy is any increase of PSA above nadir or if PSA value under 5ARI is above 40% of 
initial PSA value. Described approach was recently retrospectively evaluated in abstract 
form, using REDUCE data (Roobol et al., 2011). However, a proportion of prostate cancers 
do progress (for example on watchful waiting) without this fact reflecting in increase of 
PSA. Therefore a possibility of prostate cancer progression (in patients on 5ARI treatment or 
without) while PSA values would not increase is a serious concern and needs further 
research. We should always be aware, none of our methods is 100% successful. 

7. Conclusion 
Future of prostate biopsy will be interesting, a lot of new ideas and technologies are 
competing at present and it remains open which will, in the end, dominate the market and 
our every-day practice.  
Although new targeted technologies, either ultrasound or magnetic resonance, may improve 
detection and sampling and reduce need for increasing number of cores and repeat biopsy 
sessions, none seem at present nearing 100% sensitivity or specificity. At present, 
approximately 50% positive biopsy rate is expected in repeat biopsy setting using either C-
TRUS ANNA or MRI-guided or MRI-US picture fusion guided biopsy.  
As burden of biopsies may increase dramatically in the near future (as explained above - 
(Quon et al., 2011)) further increases in complexity and technological demands may not be 
able to satisfy mass biopsy needs. Prostate biopsy is not very demanding procedure, 
potential harms and problems for patients do exist, but are not nearly as large as for 
different forms of prostate cancer treatments. Therefore, such a breakthrough as happened 
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in the field of prostate surgery regarding robotic assisted prostatectomy, is not expected. 
Perhaps we may expect in the near future coexistence of many different biopsy opinions and 
methods, which are showing comparable results, the same situation as developed for 
surgical treatment of prostate cancer, where robotic, laparoscopic and open radical 
prostatectomies progressed to the level, where all show same good results (Eden et al., 
2011). It seems present simple system – transrectal probe with 10-20 samples per session, 
with some additional help of ultrasound picture analysis and systematic sampling systems 
or not - is here to stay and will be main working horse for enormous number of prostate 
biopsies which are expected to be performed in the next decade. New markers (PCA3 and 
p2PSA) will complement PSA and free PSA in decisions about second and further repeat 
biopsies. At the same time different US and MRI methods, tailored to different patients 
needs, wishes and different predicted treatment modalities will be available to supplement 
basic approach when needed and will develop further.  
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2011). It seems present simple system – transrectal probe with 10-20 samples per session, 
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biopsies which are expected to be performed in the next decade. New markers (PCA3 and 
p2PSA) will complement PSA and free PSA in decisions about second and further repeat 
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needs, wishes and different predicted treatment modalities will be available to supplement 
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1. Introduction 
Prostate cancer is the leading cancer diagnosis in men, and the second cuase, after lung 
cancer, of cancer death in men in the U.S. Worldwide is the fourth most common cancer in 
men with variable incidence and mortality rates, based on geographic regions (1). In Europe 
is the most common solid tumor, with an incidence of 214 cases per 1000 men, 
outnumbering the lung and colorectal cancers, and is the second most common cause of 
cancer death in men. 
In recent years, the incidence of prostate cancer is increasing in most countries due to the 
improvement and widespread use of PSA, aging and probably a real increase in incidence. 
In men after 40 years there is a progressively incidence increase, with a peak at age 80. The 
countries with the highest mortality rate for prostate cancer are: Switzerland, Scandinavia 
and the USA-adjusted death rates by age group between 15-20/100.000 inhabitants. By 
contrast, the Asian countries with Japan and China leading the way, have the lowest 
mortality rate (less than 5 per 100,000 population) (1). 
The geographic incidence variations of prostate Cancer are multiple and complex, but there 
are genetic and environmental factors, which seem to be more involved in its genesis. 
African Americans are those who have higher rates of prostate ca. As mentioned above, 
China and Japan have lower rates in the incidence of prostate ca and USA one of the highest 
in the world, well, it is noteworthy that Asian Americans have lower incidence rate of 
prostate cancer than white Americans, the indicating that the genetic factor is crucial in the 
development of the disease. 
The overall increase in the incidence of prostate cancer worldwide in recent decades, is 
justified with the development of PSA screening protocols of prostate Cancer. The diagnosis 
of prostate cancer is based on the determination of serum PSA. The risk of prostate cancer is 
depending on Serum PSA (2): 
 

PSA 0-2 ng / ml: 15-25%. 
PSA 2-4 ng / ml: 17-32% 

PSA 4-10 ng / ml: 17-32% 
PSA> 10 ng / ml: 43-65%. 

 

There is still much controversy among health professionals about what is the best protocol 
for the screening of prostate cancer. The long awaited results of two prospective, 
randomised trials were published in 2009. The Prostate, Lung, Colorectal, and Ovarian 
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depending on Serum PSA (2): 
 

PSA 0-2 ng / ml: 15-25%. 
PSA 2-4 ng / ml: 17-32% 

PSA 4-10 ng / ml: 17-32% 
PSA> 10 ng / ml: 43-65%. 

 

There is still much controversy among health professionals about what is the best protocol 
for the screening of prostate cancer. The long awaited results of two prospective, 
randomised trials were published in 2009. The Prostate, Lung, Colorectal, and Ovarian 
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(PLCO) Cancer Screening Trial randomly assigned 76,693 men at 10 US centres to receive 
either annual screening with PSA and DRE or standard care as the control. After 7 years’ 
follow-up, the incidence of prostate cancer per 10,000 person-years was 116 (2,820 cancers) 
in the screening group and 95 (2,322cancers) in the control group (rate ratio, 1.22) (3). The 
incidence of death per 10,000 person-years was 2.0 (50 deaths) in the screened group and 1.7 
(44 deaths) in the control group (rate ratio, 1.13). The data at 10 years were 67% complete 
and consistent with these overall findings. The PLCO project team concluded that prostate 
cancer related mortality was very low and not significantly different between the two study 
groups. The European Randomized Study of Screening for Prostate Cancer (ERSPC) 
included a total of 162,243 men from seven countries aged between 55 and 69 years. The 
men were randomly assigned to a group offered PSA screening at an average of once every 
4 years or to an unscreened control group. During a median follow-up of 9 years, the 
cumulative incidence of prostate cancer was 8.2% in the screened group and 4.8% in the 
control group (4). The rate ratio for death from prostate cancer was 0.80 in the screened 
group compared with the control group. The absolute risk difference was 0.71 deaths per 
1,000 men. This means that 1410 men would need to be screened and 48 additional cases of 
prostate cancer would need to be treated to prevent one death from prostate cancer. The 
ERSPC investigators concluded that PSA-based screening reduced the rate of death from 
prostate cancer by 20%, but was associated with a high risk of over-diagnosis.  
Both trials have received considerable attention and comments. In the PLCO trial, the rate 
of compliance in the screening arm was 85% for PSA testing and 86% for DRE. However, 
the rate of contamination in the control arm was as high as 40% in the first year and 
increased to 52% in the sixth year for PSA testing and ranged from 41% to 46% for DRE. 
Furthermore, biopsy compliance was only 40-52% versus 86% in the ERSPC. Thus, the 
PLCO trial will probably never be able to answer whether or not screening can influence 
prostate cancer mortality. In the ERSCP trial, the real benefit will only be evident after 10-
15 years of follow-up, especially because the 41% reduction of metastasis in the screening 
arm will have an impact. 
Recent sub-analysis, with longer follow up have shown a potential benefit of screening, 
lowering the number of men needed to screen, and the number of patients needed to treat to 
safe one life.  
Two key items remain open and empirical:  
 at what age should early detection start  
 what is the interval for PSA and DRE.  
A baseline PSA determination at age 40 years has been suggested upon which the 
subsequent screening interval may then be based (5) (GR: B). A screening interval of 8 years 
might be enough in men with initial PSA levels < 1 ng/mL (6) . Further PSA testing is not 
necessary in men older than 75 years and a baseline PSA < 3 ng/mL because of their very 
low risk of dying from prostate cancer (7). 
D'Amico in 1998 proposed a classification according to risk group for prostate cancer based 
on T stage, PSA value and Gleason. This has allowed to simplify the classification of patients 
with prostate cancer as well as trying to unify its treatment. (Table 1) 
The widespread use of PSA testing has led to a significant migration in stage and grade of 
prostate cancer, with > 90% of men in the current era diagnosed with clinically localised 
disease (8). Despite the trends towards lower-risk prostate cancer, 20-35% of patients with 
newly diagnosed prostate cancer are still classified as high risk, based on either PSA > 20 
ng/mL, Gleason score > 8, or an advanced clinical stage (9). Patients classified with high-
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risk prostate cancer are at an increased risk of PSA failure, the need for secondary therapy, 
metastatic progression and death from prostate cancer. Nevertheless, not all high-risk 
patients have a uniformly poor prognosis after RP (10). There is no consensus regarding the 
optimal treatment of men with high-risk prostate cancer. Decisions on whether to elect 
surgery as local therapy should be based on the best available clinical evidence. 
 

Low risk Intermediate risk High risk 

T1-T2a & PSA<10     y 
Gleason ≤6 

 T2b or PSA 10-20 or 
Glesason 7 

T2c-T3-T4 or PSA > 20 or 
Gleason ≥8 

Table 1. D'Amico classification of patients according to risk group 

As expected, survival and success of the treatment applied in prostate cancer is closely 
linked to the stadium and the risk presented by the patient. 
In this chapter we will focus on Prostate Cancer at high risk as well as the different 
therapeutic options, focusing on the radical prostatectomy as an effective treatment of the 
disease. 

2. Defining high risk prostate cancer 
The factors that best define the high risk prostate cancer are those described by D'Amico (11) 
approved by the American Urological Association in 2007 are: 
 

Gleason ≥ 8 points and / or PSA ≥ 20 and / or clinical stage ≥ T2c 
 

These high-risk tumors are at high risk for recurrence, either local or remote, so they are also 
traditionally called "locally advanced" (12) or "poorly differentiated" (13). If the patient has 
the 3 items they are considered "very high risk" and have a high probability to die from 
prostate cancer (14). 
Another factor that  has been added as a fourth factor is pretreatment PSA velocity which if 
greater 2ng/ml/year is included as criteria for high-risk disease (15,16). 
The simplification of the term "risk" has led many doctors to select patients and improperly 
included in high-risk groups. Also, following the analysis of these high-risk criteria, we can 
not quantify the individual risk to a patient, for example, with stage T2c and Gleason 8 
would have the same risk that a patient with a PSA 70 and stage T3a (17). That is why this 
classification system is inadequate and we must use another tool to individualize the risk of 
each patient; this tool are Nomograms which individually allow to analyze and quantify the 
risk presented by each patient in response to multiple risk factors or variables, integrated in 
a complex mathematical formula (18). There are plenty of nomograms (19) that have been 
designed for use in prostate cancer in recent years and could be classified into 3 groups: 
Diagnostic nomograms: those who pretend to estimate the probability of a patient developing 
prostate cancer. For example, the Vienna nomogram (20) that analyzes the number of 
cylinders to take a biopsy of the prostate. 
Staging nomograms: such as the Partin tables (21), which indicates the likelihood of organ-
confined disease. Or A. Borque neural network for predicting pathological stage in men 
undergoing radical prostatectomy. (22) 
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with prostate cancer as well as trying to unify its treatment. (Table 1) 
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risk prostate cancer are at an increased risk of PSA failure, the need for secondary therapy, 
metastatic progression and death from prostate cancer. Nevertheless, not all high-risk 
patients have a uniformly poor prognosis after RP (10). There is no consensus regarding the 
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surgery as local therapy should be based on the best available clinical evidence. 
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the 3 items they are considered "very high risk" and have a high probability to die from 
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greater 2ng/ml/year is included as criteria for high-risk disease (15,16). 
The simplification of the term "risk" has led many doctors to select patients and improperly 
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not quantify the individual risk to a patient, for example, with stage T2c and Gleason 8 
would have the same risk that a patient with a PSA 70 and stage T3a (17). That is why this 
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each patient; this tool are Nomograms which individually allow to analyze and quantify the 
risk presented by each patient in response to multiple risk factors or variables, integrated in 
a complex mathematical formula (18). There are plenty of nomograms (19) that have been 
designed for use in prostate cancer in recent years and could be classified into 3 groups: 
Diagnostic nomograms: those who pretend to estimate the probability of a patient developing 
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Prognostic nomograms: are tools that estimate the probability of success in applying a 
certain treatment to analyze different variables. The most famous and globally applied is 
Kattan nomogram (23). It analyzes a combination of three factors to determine the 
probability of PSA relapse after local therapy. These factors are: PSA, Gleason score and 
clinical stage. They apply both to radical prostatectomy, radiotherapy and brachytherapy. 
Nomograms derived from the results of treating thousands of patients. The statistical 
probability of relapse depends on the presence of pre-existing micro metastases at the 
time of local therapy (23). Hence the likelihood of relapse determined by the Kattan 
nomograms can be taken as an indication of the presence of micro metastases at the time 
of local therapy, resulting in an estimate to calculate the probability of success / failure 
when applying a certain treatment. 
In summary, nomograms are useful modern tools that exist today, which may help us 
making treatment decisions in patients with prostate cancer, especially those with high-risk 
prostate cancer. As well as providing more information to the patient. 

2.1 Locally advanced prostate cancer cT3a 
When the disease has overpassed the prostate capsule, it is a T3a stage. Typically, when a 
patient is at this stage we are advise against radical prostatectomy (24) as primary treatment 
based on the high rate of positive surgical margins and lymph node metastases (25,26). 
Numerous studies have shown that the risk/benefit of a radical prostatectomy is even more 
clear in the treatment of high risk prostate cancer (27-32), but unfortunately, there are not 
studies comparing combination therapy (radiotherapy plus hormones) with RP.  
Between 13% and 27% of patients diagnosed with stage T3 are overstimated (31,32).  
The development of CT imaging or MRI, as well as directed needle biopsies of lymph nodes 
or seminal vesicles (32), help identify patients who have less probability to benefit from a 
surgical treatment (33) as well as to plan surgery upon results. 
Due to an increased sophistication and experience of the different surgical techniques, 
there has been a decreased in operative morbidity and better functional outcomes after RP 
in stage T3 cancer than before (31,33). Urinary incontinence and erectile dysfunction 
remain the two major consequences of the surgery, but due to surgical expertise and 
experience, as well as a proper surgical planning, an improvement in functional results 
has been shown (35). 

2.2 High grade prostate cancer: Gleason score 8-10 
Patients with high Gleason score 8-10 tumors, which are confined to the prostate on 
histopathological examination, they still have a good prognosis after RP (36). The differences 
between the Gleason score biopsy and the Gleason score regarding the surgical specimen 
are between 36 and 60% of cases, although a study by Dr. Grossfeld (37) shows that 39% of 
patients had Gleason 8-10 in the biopsy specimen, showed a Gleason score of 7 or less in the 
prostatectomy speciem. 
In a recent publication (38) in which the outcome of 781 patients undergoing RP clinically 
localized stages T1-T2 was analysed, they divided into 2 groups according to Gleason: 
Gleason patients 2-7 and another group with Gleason 8-10. Over all, they showed a worse 
prognostic features and higher PSA relapse. (Table 2) 
Patients with Gleason score 8-10 prostate cancer have a higher likelihood of recurrence, but 
due to the PSA era, many of these patients are diagnosed with an early stage and therefore a 
potential local curative treatment is applicable successful (38). 
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Various studies such as those of Mian et al (39), Lau et al (40) and Soloway et al (41) analyze 
and study the survival in these patients concluded similarly. 
The clinical Gleason 8-10 is an independent prognostic factor for biochemical progression-
free survival. The radical prostatectomy remains one of the most valid treatments for these 
short of patients and providing good oncological and functional outcomes. 
 

 Group Gleason 2-7 Group Gleason  8-10 P value 

Nº of patients 673 108  

PSA (ng/ml) Av 13,48 
Median 9,8 

Av. 16,89 
Median 12 0,01 

T1c 55% 50% 0,0001 
>T1c 45% 50%  
pT3b 69% 44% 0,0001 
pT3b 30% 56%  
Surgical Margin- 67% 48% 0,0001 
Surgical Margin + 33% 53%  
Biochemical 
Progression - 74,3% 52,5% 0,0001 

Biochemical 
Progression + 25,7% 47,5%  

Table 2. 

2.3 Prostate cancer with PSA > 20 
Different studies show that the RP in patients with a PSA> 20 is associated with a high 
recurrence rate, D'Amico and colleagues found that males with a PSA level higher than 20 
ng/ml had risk recurrence of 50% at 5 years after RP (42). Similarly, Yossepowitch 
published the results of their series of patients with PSA> 20ng/ml who underwent radical 
prostatectomy, showing a PSA recurrence rate of 44 and 53% at 4 and 20 years respectively 
(10). It is perhaps the high preoperative PSA, the factor that best relates to a worse prognosis 
preoperatively. 
On the other hand, Inman and colleagues, in their series of patients with PSA> 50ng/ml 
who underwent RP with multimodal adjuvant therapy, had biochemical progression-free 
survival at 10 years of 83% with a cancer-specific survival 87% (43). These highlights the 
potential benefit of surgery with in a multimodal approach.  

3. Therapeutic options in “high risk” prostate cancer 
3.1 Introduction 
Localized prostate cancer 
The lack of evidence regarding the effectiveness of treatment options for clinically localised 
prostate cancer continues to impact on clinical decision-making. The two such options are 
radical prostatectomy (RP) and active surveillance (AS). (44) 
For the majority of men with favorable-risk localized disease, older than 65, surveillance will 
be an attractive option that avoids adverse effects of treatment(45). But the existing trials, 
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Various studies such as those of Mian et al (39), Lau et al (40) and Soloway et al (41) analyze 
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The clinical Gleason 8-10 is an independent prognostic factor for biochemical progression-
free survival. The radical prostatectomy remains one of the most valid treatments for these 
short of patients and providing good oncological and functional outcomes. 
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recurrence rate, D'Amico and colleagues found that males with a PSA level higher than 20 
ng/ml had risk recurrence of 50% at 5 years after RP (42). Similarly, Yossepowitch 
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preoperatively. 
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survival at 10 years of 83% with a cancer-specific survival 87% (43). These highlights the 
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3. Therapeutic options in “high risk” prostate cancer 
3.1 Introduction 
Localized prostate cancer 
The lack of evidence regarding the effectiveness of treatment options for clinically localised 
prostate cancer continues to impact on clinical decision-making. The two such options are 
radical prostatectomy (RP) and active surveillance (AS). (44) 
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be an attractive option that avoids adverse effects of treatment(45). But the existing trials, 
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provide insufficient evidence to allow confident statements to be made about the relative 
beneficial and harmful effects of RP and AS for patients with localised prostate cancer.(44) 
Klotz L et al. assure that active surveillance with treatment reserved for evidence of rapid 
PSA progression or increase in tumor volume or grade is associated with about a 3% risk of 
prostate cancer death at 10 years. (46) 
Advanced prostate cancer 
In the other hand, patients with prostate cancer continue to present with metastatic disease 
or to relapse following initial hormone therapy; for these men, the optimal combination and 
sequencing of new medical treatments must be defined. (45) 
High risk prostate cancer 
For these patients, (T2c-T3-T4 or PSA >20 or Gleason score ≥8) it is very important to give 
information about the different treatment options, and trying to adequate them to their live 
expectancy and quality of live. 
Urologist, traditionally recommended radiotherapy or androgen deprivation therapy over RP, 
not because oncologic outcomes were better with radiotherapy, but because incontinence and 
impotence rates with RP were higher, and cure rates was discouraging. (47) 
Actually, RP and radiotherapy have potential benefits and cumulative toxicities that must be 
matched to disease characteristics and patient expectations in selecting a treatment course. (48) 

3.2 Pre-treatment management in high risk prostate cancer 
A critical assessment of the location, size, and extent of the primary tumor provides 
prognostic information, is essential for treatment planning.  
D’Amico and colleagues have defined high-risk prostate cancer as that associated with any 1 
of 3 risk factors: biopsy Gleason score ≥8, PSA ≥20 ng/mL, or clinical stage ≥T2c. (11) 
More recently, D’Amico and colleagues refined their high-risk definition to incorporate an 
absolute number of high-risk features (stage ≥T2b, biopsy Gleason score ≥7, and pre-
treatment PSA >20 ng/mL). (14) Patients are classified into 1 of 3 high-risk groups, defined 
by the presence of 1, 2, or all 3 features. Probability of death from prostate cancer was 
highest among men with 3 high-risk features.  
High-risk patients with aggressive tumors (PSA >20 ng/mL and Gleason sum >7), advanced 
local lesions (T3-T4), or patients with symptoms suggestive for metastatic disease, should 
have imaging studies. (17) 
While not uniformly accurate, there are some imaging studies that help us to identificate the 
high rish disease: 
 DRE provides some evidence of the cancer’s size and pathologic stage.  
 Transrectal ultrasonography (TRUS) is extremely useful for guiding needle biopsies.  
 Computed tomography (CT) scans poorly the prostate and lack of sensitivity and 

specificity for detecting extraprostatic extension.  
 Magnetic Resonance Imaging (MRI) provides additional information about the local 

lession, it has largely replaced CT in the local staging of prostate cancer. 
 MRI has been used primarily to determine local disease extent. Body MRI has a role in 

identifying seminal vesicle involvement, but not extra capsular extension. 
 Bone Scan, which is highly sensitive but relatively nonspecific because areas of 

increased radiotracer uptake are not always secondary to osteoblastic activity from 
metastases. (17) 
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An alternative to patients risk-grouping with similar but not identical risk features is use of 
multivariable models such as nomograms. These models incorporate data from all risk 
factors relevant to the probability of treatment failure and proportionately weigh their 
relative contribution in order to calculate a risk score. (48) 
Eastham et al. demonstrate that high-risk patients were more likely to exhibit adverse 
pathologic features and to have biochemical progression. Nevertheless, roughly one-third of 
high-risk patients (22% to 63%, depending on the definition) had organ-confined cancers 
and roughly half (41% to 74%) remained progression-free 10 years after surgery alone. These 
results confirm that current definitions of high risk disease are unreliable in identifying 
patients who cannot be cured by local therapy. (48) 

3.3 Objectives of treatment in high risk prostate cancer 
The actual objectives of the treatment of high prostate cancer are: 
1. To offer a radical treatment 
2. Trying to decrease prostate cancer progression  
3. To increase metastatic disease free interval  
4. To provide a proper quality of life. 
Men with high-volume lesions or high-stage yet clinically localized disease must receive 
multimodal therapy. More advances will require concerted efforts through clinical trials. (45) 
Neoadjuvant Androgen Deprivation Therapy may indeed provide no additional benefit 
over surgery alone for patients with clinically localized prostate cancer. Recent studies have 
demonstrated the feasibility of neoadjuvant chemotherapy prior to RP in patients with high-
risk prostate cancer. (17). If such a strategy was shown to be effective, future clinical practice 
could be altered significantly. A randomized phase 3 clinical trial, CALGB 90203, is 
currently investigating whether neoadjuvant chemo-hormonal therapy followed by RP 
reduces the risk of biochemical recurrence when compared to RP alone. 

3.4 Actual treatment in high risk prostate cancer 
Actually, the optimal treatment are: 
- radical prostatectomy (RP) + radiation therapy (RT) 
- radical prostatectomy  + hormonotherapy 
- radiation therapy + hormone therapy 
There is no consensus regarding the optimal treatment of men with high-risk PCa.  
Surgery is showing good results, but decisions on whether to elect surgery as local therapy 
should be based on the best available clinical evidence. (49) 
On the other hand, it has been recently assessed the effect of RP and RT on the rate of 
distant metastases in patients with clinically localized prostate cancer on the study from 
Memorial Sloan Kettering Cancer Center comparing patients whom underwent surgery 
versus radiotherapy (50). Patients with clinical stages T1c-T3b prostate cancer treated with 
intensity-modulated RT (81 Gy) from 1998 to 2002 were compared with similar cohort of 
men treated with RP.  
This study, showed that patients with higher-risk disease, treated with RP had a lower risk 
of metastatic progression and prostate cancer-specific death, than men treated with RT. The 
metastatic progression is infrequent in men with low-risk prostate cancer, treated with 
either RP or RT.  
These results, despite being from retrospective review of patients treated at a single 
institution, certainly suggest that RP should be considered as a treatment option in men 
with clinically localized, high-risk prostate cancer. (50) 
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provide insufficient evidence to allow confident statements to be made about the relative 
beneficial and harmful effects of RP and AS for patients with localised prostate cancer.(44) 
Klotz L et al. assure that active surveillance with treatment reserved for evidence of rapid 
PSA progression or increase in tumor volume or grade is associated with about a 3% risk of 
prostate cancer death at 10 years. (46) 
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identifying seminal vesicle involvement, but not extra capsular extension. 
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An alternative to patients risk-grouping with similar but not identical risk features is use of 
multivariable models such as nomograms. These models incorporate data from all risk 
factors relevant to the probability of treatment failure and proportionately weigh their 
relative contribution in order to calculate a risk score. (48) 
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distant metastases in patients with clinically localized prostate cancer on the study from 
Memorial Sloan Kettering Cancer Center comparing patients whom underwent surgery 
versus radiotherapy (50). Patients with clinical stages T1c-T3b prostate cancer treated with 
intensity-modulated RT (81 Gy) from 1998 to 2002 were compared with similar cohort of 
men treated with RP.  
This study, showed that patients with higher-risk disease, treated with RP had a lower risk 
of metastatic progression and prostate cancer-specific death, than men treated with RT. The 
metastatic progression is infrequent in men with low-risk prostate cancer, treated with 
either RP or RT.  
These results, despite being from retrospective review of patients treated at a single 
institution, certainly suggest that RP should be considered as a treatment option in men 
with clinically localized, high-risk prostate cancer. (50) 
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As mentioned above, the multimodal treatment is achieving good results, and to corroborate 
this, several randomised studies of radiotherapy combined with androgen-deprivation 
therapy (ADT) versus radiotherapy alone have shown a clear advantage for combination 
treatment, but no trial has ever proven combined treatment to be superior to RP. 

4. Radical prostatectomy in high risk CaP 
4.1 Introduction 
Actually radical prostatectomy is accepted as an election treatment in both low and high 
risk prostate cancer with different evidence level, and even for very high risk prostate 
cancer. (Table 3) 
 

INDICATIONS LE 
In patients with low and intermediate risk localised PCa (cT1a-T2b and 
Gleason score 2-7 and PSA ≤ 20) and a life expectancy > 10 years 1b 

Optional  
Patients with stage T1a disease and a life expectancy >15 yr or Gleason score 7 3 
Selected patients with low-volume high-risk localised PCa (cT3a or Gleason 
score 8-10 or PSA > 20) 3 

Highly selected patients with very high-risk localised PCa (cT3b-T4 N0 or any 
T N1) in the context of multimodality treatment 3 

Optional for selected patients with T3a, PSA < 20 ng/mL, biopsy Gleason 
score ≤ 8 and a life expectancy > 10 years. 3 

Table 3. 

The goals of RP are to remove the cancer completely with negative surgical margins, minimal 
blood loss, no serious perioperative complications, and complete recovery of potency and 
urinary continence. From an oncologic standpoint, obtaining negative surgical margins is 
paramount. A positive surgical margin has been associated with as much as 4-fold higher risk 
of biochemical recurrence, even after adjusting for other prognostic factors such as Gleason 
grade, extracapsular extension, seminal vesicle invasion, and lymph node metastasis. (48) 
On the same way, there are good results in terms of morbidity and survival when radical 
prostatectomy is offered as a radical treatment. 

4.2 Evidence of RP in HR.PC 
RP in locally advanced PCa: cT3a 
Is defined, as cancer that has perforated the prostate capsule. Surgical treatment has 
traditionally been discouraged, mainly because patients have an increased risk of positive 
surgical margins and lymph node metastases and/or distant relapse  
In recent years, there has been renewed interest in surgery for locally advanced PCa, and 
several retrospective case-series have been published. In general, 33.5-66% of patients will 
have positive section margins, and 7.9-49% will have positive lymph nodes. 
On the other hand, excellent 5-, 10- and 15-year overall survival (OS) and cancer-specific 
survival (CSS) rates have been published.  
Therefore, it is increasingly evident that surgery has a place in treating locally advanced 
disease (45) 
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The problem remains on patient selection before surgery: Nomograms, nodal imaging with 
CT and seminal vesicle imaging with magnetic resonance or directed specific puncture 
biopsies of the nodes or seminal vesicles can help to identify those patients unlikely to 
benefit from a surgical approach. (17) 
In addition, it is extremely important that radical prostatectomy for clinical T3 cancer 
requires sufficient surgical expertise to keep an acceptable morbidity level.  
RP in High-grade PCa: Gleason score 8-10 
In this group of patients, the incidence of organ-confined disease is around 26% to 31%. The 
PSA value and percentage of positive prostate biopsies may help to select men with high-
grade PCa most likely to benefit from RP.  
Rioja Zuazu J. et al. (38) analyzed the characteristics of the clinical Gleason 8-10 group of 
patients within their series of patients diagnosed with prostate cancer and treated by means 
of radical prostatectomy, and tried to ascertain which were the influence factors within this 
group, upon progression and progression free survival. They conclude, that Clinical 
Gleason Score 8-10 is a negative independent prognostic factor on the progression free 
survival, but its prognosis is better if they present a PSA prior surgery lower than 11 ng/ml 
and the pathological stage is a pT2. So, these kind of patients could be beneficed of RP. 

RP in PCa with PSA > 20 
Yossepowitch et al. (19) and D’Amico et al. (15) have investigated the results of RP in these 
patients.   In all cases, very good results were seen, with a cancer- specific survival of up to 
91% in 10 years in patients treated with RP. 
More recently, Inman and co-workers (43) described the long-term outcomes of RP with 
multimodal adjuvant therapy in men with PSA > 50. Systemic progression-free survival 
rates at 10 years were 83% and 74% for PSA 50-99 and > 100, respectively, while CSS was 
87% for the whole group. These results argue for aggressive management with RP as the 
initial step. 

RP in cT3b-T4 N0 
Provided that the tumour is not fixed to the pelvic wall, or that there is no invasion of the 
urethral sphincter, RP is a reasonable first step in selected patients with a low tumour volume.  
In 2005, The Mayo Clinic reported a series of patients with seminal invasion, treated with RP 
+ HT adjuvant. They had a progression free survival at 5, 10 and 15 years, of 85%, 73% and 
67% respectively, and a cancer specific survival of  95%, 90% and 79%.  
Despite this, management decisions should be made after all treatments, and should be 
discussed by a multidisciplinary team, and after balancing benefits and side-effects of each 
therapy modality by the patient, with regard to his own individual circumstances, decision 
has to be taken.  

4.3 Optimal surgical technique for high risk cancer 
Surgeons must understand the important anatomical and surgical principles that will allow 
them to improve their own technique, particularly when operating in the high-risk setting. 
Certain principles are important, and apply equally to open, laparoscopic and robotic 
surgical techniques.  
Even in a patient with a high risk of extra prostatic disease, a portion of the neurovascular 
bundle can often be preserved. (17) 
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As mentioned above, the multimodal treatment is achieving good results, and to corroborate 
this, several randomised studies of radiotherapy combined with androgen-deprivation 
therapy (ADT) versus radiotherapy alone have shown a clear advantage for combination 
treatment, but no trial has ever proven combined treatment to be superior to RP. 

4. Radical prostatectomy in high risk CaP 
4.1 Introduction 
Actually radical prostatectomy is accepted as an election treatment in both low and high 
risk prostate cancer with different evidence level, and even for very high risk prostate 
cancer. (Table 3) 
 

INDICATIONS LE 
In patients with low and intermediate risk localised PCa (cT1a-T2b and 
Gleason score 2-7 and PSA ≤ 20) and a life expectancy > 10 years 1b 

Optional  
Patients with stage T1a disease and a life expectancy >15 yr or Gleason score 7 3 
Selected patients with low-volume high-risk localised PCa (cT3a or Gleason 
score 8-10 or PSA > 20) 3 

Highly selected patients with very high-risk localised PCa (cT3b-T4 N0 or any 
T N1) in the context of multimodality treatment 3 

Optional for selected patients with T3a, PSA < 20 ng/mL, biopsy Gleason 
score ≤ 8 and a life expectancy > 10 years. 3 

Table 3. 

The goals of RP are to remove the cancer completely with negative surgical margins, minimal 
blood loss, no serious perioperative complications, and complete recovery of potency and 
urinary continence. From an oncologic standpoint, obtaining negative surgical margins is 
paramount. A positive surgical margin has been associated with as much as 4-fold higher risk 
of biochemical recurrence, even after adjusting for other prognostic factors such as Gleason 
grade, extracapsular extension, seminal vesicle invasion, and lymph node metastasis. (48) 
On the same way, there are good results in terms of morbidity and survival when radical 
prostatectomy is offered as a radical treatment. 

4.2 Evidence of RP in HR.PC 
RP in locally advanced PCa: cT3a 
Is defined, as cancer that has perforated the prostate capsule. Surgical treatment has 
traditionally been discouraged, mainly because patients have an increased risk of positive 
surgical margins and lymph node metastases and/or distant relapse  
In recent years, there has been renewed interest in surgery for locally advanced PCa, and 
several retrospective case-series have been published. In general, 33.5-66% of patients will 
have positive section margins, and 7.9-49% will have positive lymph nodes. 
On the other hand, excellent 5-, 10- and 15-year overall survival (OS) and cancer-specific 
survival (CSS) rates have been published.  
Therefore, it is increasingly evident that surgery has a place in treating locally advanced 
disease (45) 
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The problem remains on patient selection before surgery: Nomograms, nodal imaging with 
CT and seminal vesicle imaging with magnetic resonance or directed specific puncture 
biopsies of the nodes or seminal vesicles can help to identify those patients unlikely to 
benefit from a surgical approach. (17) 
In addition, it is extremely important that radical prostatectomy for clinical T3 cancer 
requires sufficient surgical expertise to keep an acceptable morbidity level.  
RP in High-grade PCa: Gleason score 8-10 
In this group of patients, the incidence of organ-confined disease is around 26% to 31%. The 
PSA value and percentage of positive prostate biopsies may help to select men with high-
grade PCa most likely to benefit from RP.  
Rioja Zuazu J. et al. (38) analyzed the characteristics of the clinical Gleason 8-10 group of 
patients within their series of patients diagnosed with prostate cancer and treated by means 
of radical prostatectomy, and tried to ascertain which were the influence factors within this 
group, upon progression and progression free survival. They conclude, that Clinical 
Gleason Score 8-10 is a negative independent prognostic factor on the progression free 
survival, but its prognosis is better if they present a PSA prior surgery lower than 11 ng/ml 
and the pathological stage is a pT2. So, these kind of patients could be beneficed of RP. 

RP in PCa with PSA > 20 
Yossepowitch et al. (19) and D’Amico et al. (15) have investigated the results of RP in these 
patients.   In all cases, very good results were seen, with a cancer- specific survival of up to 
91% in 10 years in patients treated with RP. 
More recently, Inman and co-workers (43) described the long-term outcomes of RP with 
multimodal adjuvant therapy in men with PSA > 50. Systemic progression-free survival 
rates at 10 years were 83% and 74% for PSA 50-99 and > 100, respectively, while CSS was 
87% for the whole group. These results argue for aggressive management with RP as the 
initial step. 

RP in cT3b-T4 N0 
Provided that the tumour is not fixed to the pelvic wall, or that there is no invasion of the 
urethral sphincter, RP is a reasonable first step in selected patients with a low tumour volume.  
In 2005, The Mayo Clinic reported a series of patients with seminal invasion, treated with RP 
+ HT adjuvant. They had a progression free survival at 5, 10 and 15 years, of 85%, 73% and 
67% respectively, and a cancer specific survival of  95%, 90% and 79%.  
Despite this, management decisions should be made after all treatments, and should be 
discussed by a multidisciplinary team, and after balancing benefits and side-effects of each 
therapy modality by the patient, with regard to his own individual circumstances, decision 
has to be taken.  

4.3 Optimal surgical technique for high risk cancer 
Surgeons must understand the important anatomical and surgical principles that will allow 
them to improve their own technique, particularly when operating in the high-risk setting. 
Certain principles are important, and apply equally to open, laparoscopic and robotic 
surgical techniques.  
Even in a patient with a high risk of extra prostatic disease, a portion of the neurovascular 
bundle can often be preserved. (17) 
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This approach has been facilitated by recent anatomical descriptions of the periprostatic 
anatomy. (51) 
Dissection of the neurovascular bundles can be done in an intrafascial plane (directly 
adjacent to the prostatic capsule; complete nerve sparing), an interfascial plane (within the 
lateral prostatic fascia; partial nerve sparing) and extrafascial plane (outside the lateral 
prostatic fascia; nerve resection) 
Deep dissection beneath Denonvilliers’ fascia posteriorly should be performed routinely, as 
few nerves are present in this area and deep dissection will reduce the incidence of 
posterolateral margins. 
Large, high-grade cancers, near the base of the prostate, or in the anterior transition zone 
often invade the bladder neck. For anterior cancers, begin division of the bladder neck a 
centimeter or more from its junction with the prostate. For large posterior tumors or those 
with seminal vesicle invasion, include the posterior bladder distal to the interureteral ridge 
in the specimen. (48) 

5. Pelvic lymph node dissection 
For patients with low risk disease, PLND is not necessary and is not recommended, because 
the chance of metastasis is low. 
For patients with high and intermediate risk disease, extended PLND at least for external 
iliac, obturator and hypogastric lymph nodes should be performed during radical 
prostatectomy. Removing at least 10 lymph nodes is recommended to detect LNI. (52) 
Prostate cancer lymphatic spread ascends from the pelvis up to the retroperitoneum 
invariably through common iliac lymph nodes. PC lymphatic spread can be divided in two 
main levels: pelvic and common iliac plus retroperitoneal lymph nodes. (53) 
So the technique try to remove all lymphatic tissue between the external iliac vein and 
hypogastric vein above and below the obturator nerve, including the hypogastric and 
obturator lymph nodes. 
Therefore may assert that an eLND should be performed in all high-risk cases, as the 
estimated risk for positive lymph nodes will be in the range 15-40%. (10) 
However, despite the above, some authors like Bubley are not so categorical in affirming this. 
Although it is generally accepted that eLND provides important information for prognosis 
(number of nodes  involved, tumour volume within the lymph node, capsular perforation of 
the node) that cannot be matched  by any other current procedure, consensus has not been 
reached as to when eLND is indicated and to what extent it should be performed. When 
making such decisions, many physicians rely on nomograms based on  pre-operative 
biochemical markers and biopsies. (54) 

5.1 Role of RT in high risk prostate cancer 
Indications for RT after RP 
As stated earlier, currently, a multimodal treatment is chosen to increase survival and 
reduce biochemical progression. In this sense the RT play an important role. 
There are two important studies about this: 
The EORTC Trial 22911 included 1,005 patients with positive surgical margins or pT3 
disease (extracapsular extension and seminal vesicle involvement) and randomized them 
to adjuvant EBRT (50 Gy to the prostatic fossa and periprostatic tissue plus a 10–14 Gy 
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boost to the prostatic fossa only) versus no immediate treatment. (55) The cumulative rate 
of loco regional failure was significantly lower in the irradiated group (P <0.0001). 
However, other clinically important endpoints were not improved. In particular, 5-year 
metastasis-free survival, cause-specific survival, and overall survival were not affected by 
adjuvant RT. 
The Southwest Oncology Group (SWOG) trial 8794 included 425 patients with high-risk 
localized disease, who were randomized to receive either 60–64 Gy to the prostatic fossa or 
observation only. (56) Biochemical control, disease-free survival, cancer-specific mortality, 
and overall survival were significantly increased in the adjuvant irradiation arm at a median 
follow-up of 10.6 years. 
Both the EORTC and SWOG randomized trials, provide evidence that adjuvant post-
prostatectomy irradiation reduces the risk of biochemical recurrence and local clinical 
failure. It remains uncertain, whether administration of radiation immediately after PSA is 
detected, could provide equally effective long-term outcomes to patients receiving 
adjuvant therapy, while sparing such patients from unnecessary irradiation. (17) (48) 
Salvage radiotherapy 
The efficacy of radiotherapy in the setting of a rising PSA after RP is unproven, and its use is 
highly controversial. Stephenson et al. reported on a large retrospective analysis of salvage 
irradiation of 501 patients from 5 institutions. (57) 
Positive surgical margins, Gleason scores <8, or PSADT >10 months. In such patients, PSA 
relapse-free survival outcomes were in the range of 70% to 80% at 3 years. 

6. Survival 
Regarding cancer-specific survival rate, and the overall survival rate, there are many 
studies, with different results (table 4). 
First, in terms of morbidity, Berglund and colleagues (58) showed, that recovery from 
surgery, duration of catheterization, and the overall return of continence were essentially 
similar to those observed in the low-risk population.  
Another important factor to consider when analyzing survival, is the overstaging sometimes 
happens in the T3. Therefore, Ward et al report a long-term experience with radical surgery 
in patients presenting with locally advanced (cT3) prostate cancer, as the best management 
of such patients remains a problem. They found that, significantly many patients with cT3 
prostate cancer were over-staged (pT2) in the PSA era, and RP as part of a multimodal 
treatment strategy for patients with cT3 disease offers cancer control and survival rates 
approaching those achieved for cT2 disease. (31) 
For short term survival, Loeb et al (35) reported a complication rate of 11% in 288 
consecutive high-risk patients treated by RP, which was not different from the rate in a 
previous study from the same group that included 3,477 consecutive patients with prostate 
cancer (59) when analyzing intermediate-term cancer control, and quality-of-life outcomes 
after radical retropubic prostatectomy (RRP), and concluded that RRP offers excellent 
intermediate-term cancer control for selected men, of all ages, who present with high-risk or 
locally advanced disease. Both, continence and potency, were preserved in most patients, 
although the potency rates were significantly greater for the younger men. RRP with 
appropiate postoperative radiotherapy and/or hormonal therapy is a reasonable treatment 
option for selected men with high-risk or locally advanced disease. (35) (Table 4) 
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This approach has been facilitated by recent anatomical descriptions of the periprostatic 
anatomy. (51) 
Dissection of the neurovascular bundles can be done in an intrafascial plane (directly 
adjacent to the prostatic capsule; complete nerve sparing), an interfascial plane (within the 
lateral prostatic fascia; partial nerve sparing) and extrafascial plane (outside the lateral 
prostatic fascia; nerve resection) 
Deep dissection beneath Denonvilliers’ fascia posteriorly should be performed routinely, as 
few nerves are present in this area and deep dissection will reduce the incidence of 
posterolateral margins. 
Large, high-grade cancers, near the base of the prostate, or in the anterior transition zone 
often invade the bladder neck. For anterior cancers, begin division of the bladder neck a 
centimeter or more from its junction with the prostate. For large posterior tumors or those 
with seminal vesicle invasion, include the posterior bladder distal to the interureteral ridge 
in the specimen. (48) 

5. Pelvic lymph node dissection 
For patients with low risk disease, PLND is not necessary and is not recommended, because 
the chance of metastasis is low. 
For patients with high and intermediate risk disease, extended PLND at least for external 
iliac, obturator and hypogastric lymph nodes should be performed during radical 
prostatectomy. Removing at least 10 lymph nodes is recommended to detect LNI. (52) 
Prostate cancer lymphatic spread ascends from the pelvis up to the retroperitoneum 
invariably through common iliac lymph nodes. PC lymphatic spread can be divided in two 
main levels: pelvic and common iliac plus retroperitoneal lymph nodes. (53) 
So the technique try to remove all lymphatic tissue between the external iliac vein and 
hypogastric vein above and below the obturator nerve, including the hypogastric and 
obturator lymph nodes. 
Therefore may assert that an eLND should be performed in all high-risk cases, as the 
estimated risk for positive lymph nodes will be in the range 15-40%. (10) 
However, despite the above, some authors like Bubley are not so categorical in affirming this. 
Although it is generally accepted that eLND provides important information for prognosis 
(number of nodes  involved, tumour volume within the lymph node, capsular perforation of 
the node) that cannot be matched  by any other current procedure, consensus has not been 
reached as to when eLND is indicated and to what extent it should be performed. When 
making such decisions, many physicians rely on nomograms based on  pre-operative 
biochemical markers and biopsies. (54) 

5.1 Role of RT in high risk prostate cancer 
Indications for RT after RP 
As stated earlier, currently, a multimodal treatment is chosen to increase survival and 
reduce biochemical progression. In this sense the RT play an important role. 
There are two important studies about this: 
The EORTC Trial 22911 included 1,005 patients with positive surgical margins or pT3 
disease (extracapsular extension and seminal vesicle involvement) and randomized them 
to adjuvant EBRT (50 Gy to the prostatic fossa and periprostatic tissue plus a 10–14 Gy 
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boost to the prostatic fossa only) versus no immediate treatment. (55) The cumulative rate 
of loco regional failure was significantly lower in the irradiated group (P <0.0001). 
However, other clinically important endpoints were not improved. In particular, 5-year 
metastasis-free survival, cause-specific survival, and overall survival were not affected by 
adjuvant RT. 
The Southwest Oncology Group (SWOG) trial 8794 included 425 patients with high-risk 
localized disease, who were randomized to receive either 60–64 Gy to the prostatic fossa or 
observation only. (56) Biochemical control, disease-free survival, cancer-specific mortality, 
and overall survival were significantly increased in the adjuvant irradiation arm at a median 
follow-up of 10.6 years. 
Both the EORTC and SWOG randomized trials, provide evidence that adjuvant post-
prostatectomy irradiation reduces the risk of biochemical recurrence and local clinical 
failure. It remains uncertain, whether administration of radiation immediately after PSA is 
detected, could provide equally effective long-term outcomes to patients receiving 
adjuvant therapy, while sparing such patients from unnecessary irradiation. (17) (48) 
Salvage radiotherapy 
The efficacy of radiotherapy in the setting of a rising PSA after RP is unproven, and its use is 
highly controversial. Stephenson et al. reported on a large retrospective analysis of salvage 
irradiation of 501 patients from 5 institutions. (57) 
Positive surgical margins, Gleason scores <8, or PSADT >10 months. In such patients, PSA 
relapse-free survival outcomes were in the range of 70% to 80% at 3 years. 

6. Survival 
Regarding cancer-specific survival rate, and the overall survival rate, there are many 
studies, with different results (table 4). 
First, in terms of morbidity, Berglund and colleagues (58) showed, that recovery from 
surgery, duration of catheterization, and the overall return of continence were essentially 
similar to those observed in the low-risk population.  
Another important factor to consider when analyzing survival, is the overstaging sometimes 
happens in the T3. Therefore, Ward et al report a long-term experience with radical surgery 
in patients presenting with locally advanced (cT3) prostate cancer, as the best management 
of such patients remains a problem. They found that, significantly many patients with cT3 
prostate cancer were over-staged (pT2) in the PSA era, and RP as part of a multimodal 
treatment strategy for patients with cT3 disease offers cancer control and survival rates 
approaching those achieved for cT2 disease. (31) 
For short term survival, Loeb et al (35) reported a complication rate of 11% in 288 
consecutive high-risk patients treated by RP, which was not different from the rate in a 
previous study from the same group that included 3,477 consecutive patients with prostate 
cancer (59) when analyzing intermediate-term cancer control, and quality-of-life outcomes 
after radical retropubic prostatectomy (RRP), and concluded that RRP offers excellent 
intermediate-term cancer control for selected men, of all ages, who present with high-risk or 
locally advanced disease. Both, continence and potency, were preserved in most patients, 
although the potency rates were significantly greater for the younger men. RRP with 
appropiate postoperative radiotherapy and/or hormonal therapy is a reasonable treatment 
option for selected men with high-risk or locally advanced disease. (35) (Table 4) 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

144 

 ↑Risk Nº 
Patients 

% 5 years BR 
free survival

% 10 years cancer especif 
survival 

Van de 
Ouden (29) T3 clínic 136 39 72 

Hsu (26) T3 clínic 235 60 92 
Ward (20) T3 clínic 841 58 90; 15 y 79 
Lau (23) Gleason 8-10 407 49 85 

Berglund (19) PSA ≥15 or Gleason 
8-10 281 65 NR 

Loeb (21) T2 and Gleason 8-10 
or PSA ≥15 o T3 288 39-53 70-93 

Van Poppel 
(27) 

T3a y PSA ≤20 and  
Gleason ≤7 32 3mo:90 NR 

BR: Bioquimical recurrence 
NR: No results. 

Table 4. 

For long term survival, Van Poppel (60) showed in 2006, that in patients with locally 
advanced disease, the cancer-specific survival rate after RP at 5- and 10-years of follow-up, 
was 85-100% and 57-91.6%, respectively. The overall survival rate at 5 and 10 yr was, 75% 
and 60%, respectively. In patients with high-grade prostate cancer (Gleason score> or =8), 
the biochemical recurrence-free survival, after RP at 5 and 10 yr of follow-up was, 51% and 
39%, respectively. 
Van Der Ouden et al. determined the progression and survival rates, and investigate 
subgroups of patients who may not benefit from this treatment. Defining that Radical 
prostatectomy as monotherapy, in patients with locally advanced non-metastatic prostate 
cancer (T3) produces acceptable results, in those with well or moderately differentiated 
tumors. The results of progression and survival, are not significantly different from those  
patients with organ confined prostate cancer. (29) 
Yossepowitch describe the results of RP in their patient’s serie, classify patients in risk groups: 
(61) he studied pathological and clinical outcomes among high-risk patients treated with RP. 
To identify high-risk subsets, eight definitions from the medical literature were applied. 
Depending on the criteria, high-risk patients comprised 3% to 38% of the entire study 
population, highlighting the immense variability among available high-risk definitions.  
High-risk patients were more likely to exhibit adverse pathological features (35%–71% with 
extra capsular extension, 10%–33% with seminal vesicle invasion, and 7%–23% with lymph 
node involvement), but roughly one third (22%–63%) had organ-confined cancers and 
nearly half (41%–74%) remained progression-free 10 years after surgery alone. (Table 5) 
More recently the group from the Mayo Clinic, has reported their long-term result after 
radical prostatectomy versus external bean radiotherapy for patients with high-risk prostate 
cancer. (62) The 10-year cancer specific survival rate was 92%, 92% and 88% after RRP, EBRT 
plus ADT and EBRT alone. After adjusting for case mix, no significant differences in the 
risks of systemic progression or prostate cancer death were observed between patients who 
received EBRT plus ADT and patients who underwent RRP. However, the risk of all causes 
of mortality was greater, and statistically significant, after EBRT plus ADT than after RRP.  
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Criterion R Nº patients % confined 
organ 

% free survival in 
5 years 

% cancer specific 
survival in 10 

years 
Gleason 8-10 274 35 53 88 
PSA > 20 275 33 56 91 
T3c(*year 1992) 144 22 49 89 
Nomogram PFP 
5 years ≤50% 391 28 53 92 

PSA velocity >2 
ng/mL/year 952 63 80 97 

PSA≥ 20 o ≥T2c o 
Gleason 8-10 957 43 68 93 

PSA≥15 o T2Bc o 
Gleason 8-10 1752 51 73 95 

Table 5. 

7. Local control  
Local control, main objective with both techniques, is better achieved with surgery. Local 
relapse rates between 3-30%(63-65) Depends on clinical stage (pT2: 2-7%; negative margins 
7%; pT3-4: 40%; positive margin 27%) While with Radiotherapy, local recurrence rate is for 
T1: 17-22% (Standford); 4.6% (Schelhamer); T2: 19%-35%.  
The rate of positive biopsies is between 20-70%, although is difficult to classify its meaning, 
they highlight disease and progression. It depend on clinical stage (B=17%, C=59%) and 
Gleason score. A valuable biopsy is at 18 months after finishing treatment.  
Frequency of positive prostate biopsies on patients whom underwent radiotherapy, is 
around 38% on average.  
In the study (66) with 100 patients, with biopsy every 6 months showed following results T-
1b: 21%; en T-2a: 24%; en T-2b-c: 28%.  
There is no doubt regarding its prognostic value. Although the pioneers showing these results 
were Rhamy (1972) and Sewel (1975) Scardino has been reporting, and highlighting its value 
(67). At Baylor-Collegue (Houston) 147 patients treated with Au 198 and external bean 
radiotherapy, clinical stage A2, B, C with pelvic lymphadenectomy. They had a positive 
biopsy rate of 42%, 36%, 28% at 6, 12 and 18 months. The chance of local recurrence at 5 years 
for positive and negative biopsies is around 52% and 12%, and at 10 years of 72% and 30%.  

8. Conclusions 
Many cancers, categorized clinically as high risk, are actually pathologically confined to the 
prostate, and most men with such cancers who undergo RP, are free of additional therapy 
long after surgery. 
For men with high-risk, clinically localized prostate cancer, decisions on whether to elect 
surgery as local definitive therapy should be based on the best available clinical evidence 
rather than on an individual practitioner’s experiences and biases. 
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Patients classified with high-risk prostate cancer, by commonly used definitions, are at 
increased risk of PSA failure, need for secondary therapy, metastatic progression, and death 
from systemic disease. Nevertheless, such high risk patients do not have a uniformly poor 
prognosis after RP. 
- If the prostate cancer risk has a high probability of progression to metastasis or death, 

we must offer aggressive treatment, which achieves high cure rate, and eliminate the 
illness onset. 

- Radical prostatectomy is proving a very valid option with high success rate, for which 
we must select patients appropriately 

- The success of RP in high-risk patients, with stage T3 resection depends entirely local 
tissue containing the tumor and include the resection of seminal vesicles and extended 
lymphadenectomy. 
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1. Introduction 
Prostate cancer is considered one of the most discussed topics in male health with an 
important social impact on the quality of life.  
In Europe, it is the most common solid neoplasm with an incidence rate of 214 cases per 
100,000 men1. The increasing life expectancy and the more and more widespread use of 
Prostate Specific Antigen (PSA) are probably the two most important reasons why more 
patients are diagnosed with prostate cancer. In Europe, 2,6 million new cases of prostate 
cancer are yearly observed (11% of male cancer diagnosis), responsible for 9% of deaths for 
male cancer cases.  
Radical surgery represents the treatment of choice in clinically localized prostate cancer and 
in > 10 year life expectancy prostate cancer. Nevertheless, radical surgery itself may be 
considered a high morbility treatment2.  
Mini-invasive procedure development, such as three-dimensional external radiotherapy, 
brachytherapy or cryotherapy, especially in elderly or anaesthetically high risk patients, 
represents a useful treatment in prostate cancer.  
HIFU (High-Intensity Focused Ultrasound) is a new and alternative choice in localized and 
low or intermediate-risk prostate cancer treatment3-5.  
For a variety of reasons, transrectal HIFU appears highly attractive as a minimally 
invasive treatment for localized prostate cancer. It is a method of delivering ultrasonic 
energy with resultant heat and tissue destruction to a discrete point without damaging 
intervening tissue or cells. HIFU has been used for the management of patients diagnosed 
with various types of cancer, including prostate, breast, liver, pancreas, kidney, bone, and 
soft tissue. 

2. Experimental studies 
It has been shown in canines and humans that HIFU is capable of ablating prostatic tissue 
both contact and irradiation free6,7. 
One of the first investigators who experimented the application of the technique to human 
beings has been S. Madersbacher8. 
Early studies considered focused ultrasound as a potential technique for neurosurgery 
(Lynn, 1942; Warwick and Pond, 1968). A significant development was the construction of 
precision apparatus suitable for human treatment by Fry et al. in 1958. 
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HIFU has also been used in other clinical fields including ophthalmology (Coleman, 1985), 
urology (by Foster and Gelet in 1993) and oncology (Chapelon in 1992 and Prat in 1995). To 
date, focused ultrasound has been used successfully in the management of many tumours, 
including prostate cancer, in which this technique represents a good treatment option. 
HIFU was also used by Madersbacher and colleagues as a treatment for Benign Prostatic 
Hyperplasia (BPH). To date, this technique is not still used to treat BPH, because of its side 
effects on bladder neck function. 

3. Description of the procedure 
HIFU is performed through a computerized surgical device equipped with a treatment 
table, an ultrasound treatment system connected to an endorectal probe, a safety infrared 
ray detector, a refrigeration system keeping the rectal mucosa temperature below 14°C and 
a monitor to set and control the treatment procedure through echographic screening (Fig. 1). 
For anatomical reasons, the transrectal approach appears ideally suited to ablate prostatic 
tissue because the proximity of HIFU transducer and target tissue facilitates HIFU treatment 
from the technical standpoint.  
After introducing the rectal probe, anatomic landmarks must be echographically set (apex, 
bladder neck, rectal side, prostate capsule), in order to make the computer able to determine 
the correct subdivision in different prostate portions (generally four).  
The probe is equipped with a transducer that gives out a beam of high-focused convergent 
ultrasounds. The HIFU transducer has an aperture of 37 cm and a focal distance of 25.5 cm.  
The focus has a -6 dB beam width of 1.6 mm and axial length of 10 mm. In the ultrasound 
converging point (focal point), the ultrasound beam absorption generates an immediate 
growth of temperature (85-100°C), destroying prostate cells in the circumscribed area. 
 

 
(Ablatherm®-Edap Technomed device). 

Fig. 1. Overview of HIFU procedure. The bed with the High-intensity ultrasound probe can 
be clearly seen. On the right, the ultrasound screen and the screen to set the machine and 
follow the procedure  
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Adequately translating the focal point with a robotic and automatic device, the successive 
ultrasound emissions may destroy all prostate cells (Fig. 2).  
 
 
 

 
 

Fig. 2. Anatomical scheme of HIFU endorectal device 

These lesions have a predictable size and shape, closely matching the focal region of the 
ultrasound source. As the lesion width is almost constant along their length, they can be 
placed side-by-side without leaving gaps (Fig. 3). 
 
 
 

             
 

Fig. 3. HIFU mechanism scheme. On the left, ultrasound beam positioning; in the middle, 
the area to treat; on the right, an overall view of the sections treated by high-intensity 
ultrasound. 

A standard procedure can be personalized in order to obtain ideal treatment settings: 
ultrasound frequency (standard 3 MHz), shot duration (standard 5 seconds) and waiting-
time between shots (standard 5 seconds) may be modified (Fig. 4). Elementary lesion 
volume measures 19-24 mm and its diameter measures 1.7 mm 
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Fig. 4. On the screen, it is possible to follow the procedure and to change settings, such as 
ultrasound frequency and shot duration. Thus, a safe and optimal treatment can be performed. 

4. Management of the patient before and after the procedure 
In order to safely perform the treatment, the surgeon is advised to follow some 
recommendations, in accordance with the European  and American guidelines: 
a. Anti-trombotic prophylaxis with sodic Dalteparin 5.000 I.U. the day before the 

procedure. Other low molecular weight heparin (LMWH) can be administrated, 
according with local policies. 

b. Antibiotic prophylaxis should be given in order to prevent infection. A quinolone 
represents a good choice, but other antibiotic can be used, according with local policies. 

c. Careful intestinal toilet. This is an important key point in infection prevention. Also, it 
is fundamental to obtain a good view of the whole prostate on ultrasound, which is 
important in order to treat the target area properly. This will also prevent some side 
effects of the treatment, such as bladder neck irritation, reduces the risk of rectum 
fistulisation, and improves the erectile function outcome. 

All patients undergo intra-spinal block with Chirocaine®.  
Marcaine® can be used instead of Chirocaine.  
If Marcaine is administrated, it is important to begin the procedure from the left lobe of the 
prostate, because this lobe is above due to the left decubitus of the patient on the device.  
In order to make the procedure more bearable and to obtain the best cooperation from the 
patient, Midazolam 0,03 mg/kg administration during the procedure is recommended. 
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Other benzodiazepine can be used, according with their pharmacocynetic and 
pharmacodynamic features. 
Reportedly, patients have no postoperative pain, except in case of complication. Just in the 
first two hours after the treatment the patient might complain of confusion and dazzling, 
but these are considered common consequences of the anaesthetic treatment.  
The anaesthetist should be involved pre-operatively, intra-operatively and post-operatively, 
in order to manage the patient properly before and during the treatment and in order to 
relieve post-operative pain and anaesthetic side-effects and/or complications. 

5. Mechanism 
Conceptually, a piezoelectric transducer generates a high intensity converging ultrasound 
beam that destroys local tissues through three mechanisms:  
1. Coagulative necrosis; 
2. Cavitation;  
3. Heat damage. 
These three key-points are discussed below. 

5.1 Coagulative necrosis 
Coagulative necrosis, is due to hyperthermia (85-100°C) generated in the focal point.  
Elementary lesion has ellipsoidal shape. The short length of the shot limits heat diffusion 
around the focal point. Shot by shot, it is possible to generate a plethora of elementary 
lesions until all prostate tissue is destroyed. 
Coagulative necrosis is a non-reversible phenomenon (Fig. 5). 
 

 
Fig. 5. On the left, pre-HIFU histology aspect; on the right, post-HIFU histology change 

This kind of lesion can be clearly seen on optical microscopy. Its effectiveness in cancer 
treatment is demonstrated by the absence of cell functional structures, such as membranes, 
active nuclei, and organelles.  
After the treatment, glandular structures cannot be seen any longer, thus demonstrating that 
the HIFU technique provides a lack of function in the treated prostate.  
Also liquefactive necrosis and apoptotic necrosis are reported as a common consequence of 
HIFU treatment (see § 6.1), but these kinds of necrotic lesions do not affect the whole 
amount of necrotic areas. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

154 

 
Fig. 4. On the screen, it is possible to follow the procedure and to change settings, such as 
ultrasound frequency and shot duration. Thus, a safe and optimal treatment can be performed. 

4. Management of the patient before and after the procedure 
In order to safely perform the treatment, the surgeon is advised to follow some 
recommendations, in accordance with the European  and American guidelines: 
a. Anti-trombotic prophylaxis with sodic Dalteparin 5.000 I.U. the day before the 

procedure. Other low molecular weight heparin (LMWH) can be administrated, 
according with local policies. 

b. Antibiotic prophylaxis should be given in order to prevent infection. A quinolone 
represents a good choice, but other antibiotic can be used, according with local policies. 

c. Careful intestinal toilet. This is an important key point in infection prevention. Also, it 
is fundamental to obtain a good view of the whole prostate on ultrasound, which is 
important in order to treat the target area properly. This will also prevent some side 
effects of the treatment, such as bladder neck irritation, reduces the risk of rectum 
fistulisation, and improves the erectile function outcome. 

All patients undergo intra-spinal block with Chirocaine®.  
Marcaine® can be used instead of Chirocaine.  
If Marcaine is administrated, it is important to begin the procedure from the left lobe of the 
prostate, because this lobe is above due to the left decubitus of the patient on the device.  
In order to make the procedure more bearable and to obtain the best cooperation from the 
patient, Midazolam 0,03 mg/kg administration during the procedure is recommended. 

High-Intensity Focused Ultrasound (HIFU) 
- An Alternative Choice in Prostate Cancer Treatment 

 

155 

Other benzodiazepine can be used, according with their pharmacocynetic and 
pharmacodynamic features. 
Reportedly, patients have no postoperative pain, except in case of complication. Just in the 
first two hours after the treatment the patient might complain of confusion and dazzling, 
but these are considered common consequences of the anaesthetic treatment.  
The anaesthetist should be involved pre-operatively, intra-operatively and post-operatively, 
in order to manage the patient properly before and during the treatment and in order to 
relieve post-operative pain and anaesthetic side-effects and/or complications. 

5. Mechanism 
Conceptually, a piezoelectric transducer generates a high intensity converging ultrasound 
beam that destroys local tissues through three mechanisms:  
1. Coagulative necrosis; 
2. Cavitation;  
3. Heat damage. 
These three key-points are discussed below. 

5.1 Coagulative necrosis 
Coagulative necrosis, is due to hyperthermia (85-100°C) generated in the focal point.  
Elementary lesion has ellipsoidal shape. The short length of the shot limits heat diffusion 
around the focal point. Shot by shot, it is possible to generate a plethora of elementary 
lesions until all prostate tissue is destroyed. 
Coagulative necrosis is a non-reversible phenomenon (Fig. 5). 
 

 
Fig. 5. On the left, pre-HIFU histology aspect; on the right, post-HIFU histology change 

This kind of lesion can be clearly seen on optical microscopy. Its effectiveness in cancer 
treatment is demonstrated by the absence of cell functional structures, such as membranes, 
active nuclei, and organelles.  
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HIFU treatment (see § 6.1), but these kinds of necrotic lesions do not affect the whole 
amount of necrotic areas. 
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5.2 Cavitation 
Cavitation is due to the gas microbubble (bubble clouds) vibration dissolved in prostate tissue. 
Lindau and Lauterborn investigated the collapse and rebound of a cavitation bubble near a flat 
rigid wall using a high-speed camera9.  
Due to the depression caused by the negative part of the ultrasound wave, intracellular water 
may enter the gaseous phase.  
That would lead to the development of microbubbles.  
When they reach the size of resonance, these bubbles suddenly collapse and produce high-
pressure shock waves, destroying adjacent tissue. 
In a study carried out by Chen H and colleagues10, the dynamics of cavitation bubble clouds 
generated at the tissue boundary in continuous HIFU fields has been experimentally 
investigated by a high-speed photography method.  
The experimental results revealed that the cavitation bubble clouds organize into two 
shapes, which were named ‘‘cone-shape” bubble cloud structure and ‘‘crown-shape” bubble 
cloud structure.  
The cavitation bubble cloud is visible at the tissue surface at 200 µs; then a tiny tip becomes 
obvious at 600 µs. The elongated tip leads to the formation of a cone-shape bubble cloud 
structure.  
After 1.8 ms, the cone-shape bubble cloud attaines a dynamically stable state.  
The bubble cluster grows larger and developes a crown-like shape. Meanwhile, it moves 
forward and finally hits the tissue boundary forming the crown-shape cavitation bubble 
cloud structure.  
Among the 171 image series recorded in the study carried out by Chen H et al, 85% showed 
the evolution of the cone-shape bubble cloud structure. Another 11% of the image series 
showed the dynamics of the crown-shape bubble cloud structure.  
The remaining 4% exhibited the interchanging of these two structures. 

5.3 Heat damage 
The tissue ablation induced by high-intensity ultrasound results primarily from bulk 
heating, with possible contributions from boiling and acoustic cavitation. Bubbles, when 
present, may enhance local absorption (Fig. 6).  
The position and shape of the heated region are determined by the intensity of the field near 
the focus, the attenuation and the effects of diffusion.  
The rate of change of temperature at any point is proportional to the absorbed power 
density and hence to the incident beam power and attenuation11.  
The irreversible changes in proteins associated with tissue denaturation and coagulation 
start at low temperature.  
When temperatures of approximately 60°C are approached, the rate of denaturation 
becomes so great that irreversible changes can occur in seconds.  
Temperature reached during HIFU treatment is clearly higher, as reported above: When 
lesioning occurs, the attenuation within the treated volume increases12, thus altering the 
absorbed power distribution, depending on the biologic feature of the prostate.  
Consequently, the region in which heat is deposited may be expected to change during the 
heating process. 
By a macroscopic point of view, we can say that heat growth is maximal in the middle of the 
treated volume and minimal in the external area of the treated volume.  
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This difference allows to surely set the treatment outlines and save the prostate apex, and 
the striated sphincter and vasculo-nervous bundles.  
 
 

 
Fig. 6. Elementary lesion formation and its effects on prostate parenchyma, due to heat and 
mechanical damage. 

6. HIFU-induced histopathological changes 
HIFU-induced histopathological changes can be studied thanks to light microscopy, 
immunoistochemistry and electron microscopy. 

6.1 Light microscopy 
At light microscopy, we can say that the prostatic structure is completely disrupted and 
hardly recognizable. Three different types of cellular necrosis are generally found: 
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a. liquefactive necrosis; 
b. coagulative necrosis; 
c. apoptotic necrosis.  
Cell death is generally due to a mixture of the three with liquefactive necrosis being the least 
common and coagulative necrosis the most common. 
Histological findings show consistent coagulative necrosis with precisely defined, sharp 
margins to normal tissue.  
Lesion size and position correlates well with the assumed target zones, thus demonstrating 
that HIFU permits therapeutic tissue ablation. 
Strictly speaking, HIFU treatment induces a spectrum of morphological changes ranging 
from apparent light microscopic necrosis to more subtle ultrastructural cell damage (see 
below). 
Necrotic tissue in the coagulative necrosis areas consists of homogenously stained 
eosinophilic fragments (Fig. 7a). 
 
 

 
Fig. 7a. Areas of coagulative necrosis can be clearly seen, thus demonstrating the 
effectiveness of HIFU treatment. 

Little structure is apparent aside from some faintly staining collagenous bands and rare 
indications of the former glandular epithelium. In some cases, necrotic tissue expelled from 
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the coagulative necrosis areas is visible in prostatic ductules of the margin area. Brightly 
staining blood droplets can be observed on the hematoxylin-eosin slide, of which most are 
concentrated in the coagulative necrosis area. 
The nuclei of epithelial and stromal cells are either pyknotic or totally absent, corresponding 
to cell necrosis. The nuclei are of normal size with a fine chromatin structure and 
sporadically small nucleoli. 
This epithelial cells also contain pale to eosinophilic cytoplasm, with few vacuoles. Although 
cell borders are not discernable in most of these cells, they can be identified locally. 
Every so often, extended haemorragic areas are found (Fig. 7b). 
 

 
Fig. 7b. Areas of tissue damage, including haemorragic areas 

Also, HIFU causes injuries to small vessels, with considerable oedema and swelling of 
endothelial cells in the margin between the treated and untreated areas. However, in the 
centre of treated tumor tissue, severely damaged tumor vessels show pyknotic nuclei and 
debris of nuclei, which indicated endothelial cell death. 
Endothelial cells exhibited an irreversible cell death. Almost all of the endothelial cell nuclei 
disappear, cellular margins were not distinct and junctions between individual cells were 
disrupted. 
The repair of lesions appears to have slow processes of damaged tissue absorption and 
granulation tissue replacement (Fig. 8). 
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Fig. 8. Granulation tissue and fibrosis 6 months after HIFU treatment. 

6.2 Immunoistochemistry 
The expression of PSA, panCK, and Ki67 in non-treated regions of the prostate is marginally 
stronger than in the HIFU region. CK8 is strongly expressed in luminal cells of normal and 
malignant glands outside the HIFU lesion, but pre-existing and malignant epithelium 
within the HIFU lesion does not express CK8, regardless of the histomorphological changes 
in conventional light microscopy.  
The hyperplastic epithelium at the periphery of the HIFU lesions reacts with the basal cell 
antibody 34βE12. 
In summary, we can say that prostate glandular epithelium after HIFU treatment  reacts 
with antibodies to pancytokeratin, prostate specific antigen (PSA), and Ki67, but does not 
express cytokeratin 8, which is indicative of severe cellular damage. 

6.3 Electron microscopy 
Ultrastructural examination after HIFU reveals disintegration of cellular membranes and 
cytoplasmic organelles consistent with cell necrosis. 
Electron microscopy is not routinely performed. When performed, it confirms 
submicroscopical cellular damage in the centre of the HIFU lesion.  
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Electron microscopy is capable to demonstrate cell necrosis also in areas that show no 
apparent morphological cell necrosis by conventional light microscopy.  
Treated areas lack nuclear membranes, but show a fine chromatin pattern that is clumped at 
the periphery of the nuclei, and conspicuous nucleoli.  
The cytoplasm contain some vacuoles, but organelle structures and cell membranes are not 
generally identified. 

7. Immunologic response after HIFU 
T-lymphocytes appear in granulation tissue along the ablation margin in all HIFU-treated 
neoplasms, with no infiltration in those showing typical signs of coagulation necrosis.  
The tumor-infiltrating lymphocytes are found mainly in granulation tissue along with 
immature fibroblasts, new capillaries, and other inflammatory cells.  
This observation suggest that their infiltration occurs after HIFU ablation and that these 
tumor-infiltrating lymphocytes are new lymphocytes moving into the ablated neoplasms 
from peripheral blood.  
As it has been reported by Hartveit and colleagues, this is a typical findings in all tissues 
treated with HIFU13.  
HIFU treatment may definitively increase the local infiltration of tumor infiltrating 
lymphocytes in the ablation area, including activated cytotoxic T-Cells and Natural-Killer 
cells14.  

8. The role of heat-shock proteins (HSP) 
Heat shock proteins (HSPs) were first discovered in 1962 as a group of highly conserved 
proteins that are induced by hyperthermia and other kinds of cellular insults.  
There are four principal HSP: HSP-90, HSP-70, HSP-60 and the subgroup of small HSPs 
including HSP27.  
Benign and malignant human prostatic cells respond to heat by increased expression of HSP 
in vitro and in vivo. 
To obtain a more detailed insight on the effect of heat on prostatic cells, heat shock protein 
expression of normal and malignant prostatic cells has been studied. 
Transrectal HIFU therapy induces intraprostatic necrosis surrounded by a zone 
characterized by a massive up-regulation of HSP expression.  
Recently, several molecular heat shock proteins have been reported to be involved in 
development and progression of hormone-refractory prostate cancer. 
HSP27 and HSP70 are the most strongly induced heat shock proteins during cellular 
stress (Fig. 9). 
HSPs are not all of prognostic value, however some have been demonstrated to have clinical 
utility as prognostic markers: among this group of heat shock proteins, the most important 
one is HSP-27, which particularly plays a role in many immunological processes and might 
stimulate immune defence responses against tumour cells15. 
Accumulating evidence suggests that HSP27 levels correlate with both hormone-refractory 
prostate cancer and development of resistance to heat. Nevertheless, the functional 
significance of changes in HSP27 expression associated with heat-resistant  prostate cancer 
remains undefined. 
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Fig. 9. HSP-70 expression in prostate tissue after HIFU treatment in a case of recurrence 

9. Long-term results of HIFU treatment 
Many authors have reported their series after HIFU treatment. 
One of the most recent is the multicentric study carried out by Crouzet et al16, who reported 
a series of 803 patients with a mean follow-up of 43 months. The results of this study are 
excellent, showing that local control and disease-free survival rate achieved with HIFU were 
similar to those expected with conformal external-beam radiation therapy (EBRT). 
The excellent cancer-specific survival rate reported in this study is also explained by the 
possibility to repeat HIFU and use salvage EBRT. 
The first UK series was reported by Ahmed et al and published on the British Journal of 
Cancer. 172 men were treated with HIFU with excellent result: 92.4% of patients had no 
recurrence after a mean follow-up of 346 days17. 
Blana et al published a series of 140 men treated with HIFU, reporting good oncological 
outcome in long-term follow-up (6.4 years), demonstrating the effective long-term cancer 
control achieved with HIFU in patients with low- or intermediate-risk localised prostate 
cancer18. 
Finally, it is correct to cite the negative results reported by Challacombe et al, who 
interrupted the treatment because of the poor oncological outcome19. 
From all the studies presented, there is clear evidence that the treatment could affect 
prostate cancer, as shown by both a substantial decrease in serum PSA and negative 
biopsies after therapy there is clear evidence that the treatment could affect prostate cancer.  
The effect has also been demonstrated on radical prostatectomy specimens examined 2 
weeks after HIFU. 
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There are no randomized controlled studies available to compare the outcome of these 
therapies with each other, other therapies, or watchful waiting. 
The combination of a TURP performed just before an HIFU seems to reduce the 
complications but without affecting the oncologic outcome negatively. 
As of today, it is not possible to compare the outcome of HIFU with other treatment 
modalities for localized prostate cancer. 

10. Complications and side effects of HIFU treatment 
HIFU is a minimally invasive treatment for prostate cancer, thus resulting in a low 
complication rate.  
Sometimes, minor complications can occour, in the vast majority of cases related to lower 
urinary tract.  
The first one is urinary retention, commonly treated with longer catheterism. The most 
common is urge incontinence, due to the irritative effect of high-focused ultrasound on the 
bladder neck. Generally, it disappears in a couple of month, and only in rare cases 
anticolinergic treatment is required. 
Lower urinary tract symptoms, such as frequency, nocturia, weak urinary stream, and so on, 
are prevented by Trans-Urethral Resection of Prostate (TUR-P), that is recommended to be 
done 6-8 weeks before HIFU treatment. Anyway, the surgeon is advised to administrate 
IPSS questionnaire (or equivalent) before the treatment end 3 months after the treatment, in 
order to assess persistent lower urinary tract symptoms, that should be treated 
pharmacologically or surgically, if needed. 
Infection is another possible complication of this treatment. Antibiotic prophylaxis should 
prevent this complication, if administrated in accordance with guidelines on infection 
prevention. 
Among the major complications, the most important is recto-vesical or recto-urethral 
fistula. Only few cases are reported in literature. This complication can be initially treated 
with longer catheterization, but in some cases surgical repair is required. A common tip to 
avoid this complication is to safely set the target area on the ultrasound screen, as the 
slight wall of the rectum can easily lead to fistulization. Also, patients previously 
diagnosed with ulcerative recto-colitis must not be treated with high-intensity focused 
ultrasound. 
The most important side-effect of HIFU treatment is erectile disfunction and impotency, due 
to the effect of high intensity ultrasound on the neural bundle. This effect is well known and 
must be discussed with the patient before the treatment. 
Color-doppler-combined technique is reported in literature in order to perform a sort of 
vessel-sparing procedure, thus resulting in a better outcome by the andrological point of 
view. However, there is not common agreement among the investigators about the 
effectiveness and the feasibility of this technique. For this reason, it cannot be recommended 
at the present time (Fig. 10). 
The best management of the patient should include IIEF questionnaire (or equivalent) to be 
giver before the treatment and 6 months after the treatment in order to assess the sexual 
outcome. 
Patients who are keen on having sexual activity should receive a proper treatment. 
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not affected by tumor (red line). 

Fig. 10. Color-doppler device for HIFU treatment. Thanks to this additional equipment, it is 
possible to perform a highly selective treatment (blu line). This can preserve vascular bundle 
or a portion of prostate  

11. Summary 
At the time of diagnosis, prostate cancer is organ-confined in 70% of the cases.  
The choice of the appropriate treatment for localized prostate cancer is one of the most 
controversial issues in urologic oncology. Approximately, the most majority of these 
patients undergo local therapy: surgery or external beam radiation. The rest of the 
remaining patients do not fit this treatment and are scheduled for Androgen Depriving 
Therapy (ADT) or watchful waiting.  
Besides these treatments, other mini-invasive procedures have emerged in the last few 
years, such as Brachytherapy, Cryosurgical Ablation, Radiofrequency Interstitial Tumour 
Ablation and High-Intensity Focused Ultrasound (HIFU). 
HIFU represents an alternative choice in mini-invasive treatment of prostate cancer. The 
treatment is performed under regional anaesthesia and is generally preceeded by limited 
Trans-Urethral Resection of Prostate (TUR-P).  
It is a transrectal procedure: after introducing the rectal probe, anatomic limits must be 
echographically set (apex, bladder neck, rectal side, prostate capsule), in order to make the 
computer able to determine the correct subdivision in different prostate portions (generally four).  
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An absolute contraindication to the procedure is every rectal anatomic or pathologic 
condition that excludes the transrectal approach. 
The technology of the device used to perform the treatment allows to exactly destroy a pre-
selected area and to save all the tissues around it. 
Conceptually, a piezoelectric trasducer generates a high intensity converging ultrasound 
beam that destroys local tissues through three mechanisms:  
1. coagulative necrosis, due to hyperthermia (85-100°C) generated in the focal point. 

Elementary lesion is ellipsoidal and the short length of the shot limits heat diffusion 
around the focal point. Shot by shot, it is possible to generate a plethora of elementary 
lesions until all prostate tissue is destroyed;  

2. cavitation, due to the gas microbubble vibration dissolved in prostate tissue;  
3. heat growth, maximal in the middle of the treated volume and minimal in the external 

area of the treated volume.  
This difference allows to surely set the treatment outlines and save the prostate apex (and 
the striated sphincter) and vasculo-nervous bundles.  
HIFU is a minimally invasive ablative technology for managing localized prostate cancer in 
both the primary and salvage setting. It is a single-session procedure with the possibility of 
a re-treatment if required.  
The advantage of this technique are short hospital stay, reduced convalescence, low 
morbidity and preservation of continence and erectile function. 
As reported in literature, HIFU demonstrated a good oncologic outcome.  
The PSA nadir is a major predictive factor for HUFU success and it is generally reached 
within 6 months after the treatment in all patients.  
The most recent results are reported in a study carried out by Crouzet et al. In this 
multicentric study  the mean PSA nadir was 1.0±2.8 ng/mL with a median of 0.25 ng/mL. 
The 5-year and 7-year Disease Free Survival Rate (DFSR) for low, intermediate-, and high-
risk patients (according to D’Amico risk stratification criteria) were, respectively, 83-75%, 
72-63% and 68-62%. 
As expected by most investigators, the development of more sophisticated technologies 
should improve these results and lead to a widespread use of this technique. Focal 
treatment or doppler-combined devices for nerve- or vessel- sparing procedures will be 
available in the next years. 
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1. Introduction 

Therapeutic management of prostate cancer has become complex, multidisciplinary and 
stage-specific. (Heidenereich et al., 2011) Based on PSA level, histopathological grading 
and clinical staging, prostate cancer is classified as low-, intermediate- and high risk for 
disease recurrence. The risk status often plays a major role in deciding further therapy. 
(Kirby & Madhavan, 2010) It is usually impossible to state that one therapy is superior to 
another because of the lack of randomized controlled trials. However some 
recommendations can be made. (Heidenereich et al., 2011, Aus et al. 2001) Based on 
European Association of Urology recommendations in 2010, patients with low-risk (PSA 
≤10 ng/ml, Gleason score <6 and cT1c-cT2a) or intermediate risk prostate cancer (PSA 
10.1-20 ng/ml, Gleason score 7 or cT2b-c) are to be treated interdisciplinary with an 
urologist and a radiation oncologist. Treatment options for these patients vary from 
watchful waiting and active surveillance to radical prostatectomy or definitive 
radiotherapy. Multidisciplinary tumor board is needed when discussing neoadjuvant and 
adjuvant treatment options in high-risk prostate cancer patients (PSA>20ng/ml, Gleason 
score 8-10 or ≥cT3a) (Heidenereich et al., 2011, Choe & Liauw, 2010). 
Radiotherapy is widely used as curative treatment modality for prostate cancer. There is a 
diverse array of radiotherapeutic strategies that can be effectively used to treat both organ-
confined and locally advanced disease, alone or in combination with androgen-deprivation 
therapy. Furthermore, it has also a significant role in post-prostatectomy setting, as adjuvant 
or salvage radiotherapy. 
In recent decades, radiotherapy in prostate cancer has undergone significant clinical and 
technological advances that aim to optimize cancer control outcomes while minimizing 
treatment morbidity. (Choe & Liauw, 2010, Hayden et al., 2010) 

2. External-beam radiotherapy in prostate cancer 
External-beam radiotherapy has a very long history in the curative treatment of prostate 
cancer. It is proven and most extensively used radiation modality. As a flexible, 
noninvasive, outpatient therapy, external-beam radiotherapy can be used in all stages of 
prostate cancer. (Hayden et al., 2010) It is based on daily delivery of radiation to a target 
volume using high-energy radiation beams from linear accelerators (or cobalt machines) 
over a course of 7 to 9 weeks. 
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In the last 30 years it has undergone a long, improving path from conventional, two-
dimensional radiotherapy to intensity-modulated and image-guided radiotherapy and 
onwards. In low-risk prostate cancer its efficacy appears to be comparable to that of radical 
prostatectomy but with different toxicities (Choe & Liauw, 2010). For patients not suitable 
for surgery, external-beam radiotherapy will be the treatment of choice in most cases, alone 
or combined with androgen-deprivation therapy. 

2.1 Conventional radiotherapy 
Introducing high-energy radiotherapy machines it become possible to deliver tumoricidal 
doses to target volume while minimizing damage to the skin and adjacent organs. 
Historically, various techniques have been used, ranging from parallel anteroposterior-
/posteroanterior (AP/PA) portals to lateral portals (box technique) or rotational fields to 
irradiate or supplement the dose to the prostate. (Chao et al, 2002) Due to the difficulty of 
localizing the prostate gland, a large volume was treated to ensure proper coverage. More of 
the surrounding tissues were included in the treated volume so the safely applicable dose 
was limited to 60-65Gy. (Choe & Liauw, 2010) 
The treatment fields for prostate cancer were simulated and designed on plane films and 
using bony markers with the patient in the supine position. Rectum and bladder were 
marked by intraluminal injection of iodinated contrast. Small intestine was marked with 
barium contrast ingested per os one hour prior to simulation.  
If the external-beam radiotherapy was applied to the prostate only (local technique), the field 
size was approximately 8x10 cm for T1 and T2 tumors, 10x12 cm or 12x14 cm for T3 and T4 
prostate cancer. Patients younger than 71 years of age with clinical T1c, T2a, and Gleason score 
more than 7 and PSA 20ng/ml or more, as well as patients with T2b, c T3 and T4 were treated 
to the whole pelvis with the field size of 15x15 cm, or 15x18 cm to cover the common iliac 
nodes. The inferior margin of the field usually was 1.5 cm distal to the junction of the prostatic 
and membranous urethra that is at or caudal to the bottom of the ischial tuberosities. The 
lateral margins were approximately 1 to 2 cm from the lateral bony pelvis. 
 

   
           (a)        (b)   

Fig. 1. Simulation AP radiograph for field verification (a) size 12x12 cm and (b) 14x14 cm 
Low field border is on the lower border of ishiadic bone and the field centre on the 
symphisis. Barium contrast in bowels (With thanks to the Institute for oncology and 
radiology of Serbia, Belgrade) 
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The initial lateral fields included a volume similar to that treated with AP/PA portals. The 
anterior margin was 1.5 cm posterior to the projection of the anterior cortex of the pubic 
symphisis. Posteriorly, the fields included the pelvic and presacral lymph nodes above the 
S3 segment, which allowed some sparing of posterior rectal wall distal to this level. 
Large treated volume was obtained since the average variation of prostate position relative 
to bony markers was approximately 8 mm in the superior and posterior positions, 7 mm in 
the inferior, 5 mm in the lateral and 4 mm in anterior position. The seminal vesicles are 
located high in the pelvis, and posterior to the bladder, which was very critical when 
reducing treated volume in T3 patients. 
When indicated, the periaortic lymph nodes could be treated through extended AP/PA 
portals or separate periaortic fields placed above the pelvic fields. The superior margin of 
the periaortic field was at the Th12-L1 vertebral interspace with the width usually above 10 
cm (determined by lymphangiogram or CT scan). (Chao et al., 2002, Dobbs et al., 1999) 
Conventional external-beam radiotherapy required daily radiation delivery to target 
volume using high-energy beams (more than 10MV). In most institutions a standard 
fractionation was used with 1.8 to 2Gy per day. In radical approach, initially a dose of 45-
50Gy was applied to the whole pelvis or to the prostate through two parallel opposed 
fields (AP/PA). Than addition of a boost dose was delivered, up to a total dose of 65-66Gy 
through lateral opposed fields, two anterior or two posterior oblique fields. (Chao et al., 
2002, Dobbs et al., 1999) 

2.2 Two-dimensional radiotherapy (2D-RT) 
Once a decision is being made to treat prostate cancer with external-beam radiotherapy, the 
radiotherapy plan is defined either to limit treatment to the gland or to extend treatment 
field to include the periprostatic tissues, seminal vesicles and pelvic lymph nodes. (Hayden 
et al. 2010) CT or MRI of the abdomen and pelvis is used to assess the involvement of 
surrounding structures. MRI is particularly useful for distinguishing capsular invasion, 
seminal vesicle involvement and periapical extension. CT scanning for treatment planning is 
performed to every patient, which means that two-dimensional (2D) radiotherapy is a step 
forward comparing to conventional radiotherapy. 
The patient is immobilized in supine position with skin tattoos over the pubic symphisis 
and laterally over the iliac crests to prevent lateral rotation. CT scans of pelvis are 
obtained with slice thickness of 4-5 mm. No oral, rectal or intravenous contrast is used. 
The CT section at the centre of the volume is used as the main planning slice to outline 
patient contour, target volume, rectum, and bladder. The margins of the target volume are 
determined by the tumor extent. The gross tumor volume contains entire prostate gland, 
but if there is a risk of seminal vesicles involvement, they must be included in target 
volume too. The gross tumor volume is outlined on the central slice only. To allow 
position variation, an additional margin is added to gross tumor volume (1-1.5 cm in all 
directions) defining planning target volume (PTV). For two-dimensional planning, PTV is 
outlined on multiple sections to ensure that the entire tumor is encompassed. The rectal 
outline must be transposed on to the central section so that the dose can be adequately 
calculated. Shaping the target volume by shielding blocks or multileaf collimators reduces 
the dose to normal tissues. 
Treatment technique depends on the target volume size and shape. Three-field technique 
using an anterior and two posterior oblique or opposed lateral fields give a high dose to the 
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prostate but spare the posterior rectal wall. Four-field (box) technique may result in better 
dose distribution when seminal vesicles are included in target volume, but increases the 
dose posteriorly. 
The patient is than treated daily, 1.8 to 2Gy per fraction, on linear accelerator. The correct 
position is assured with skin tattoos. The field centre is marked with a tattoo also. All fields 
are treated isocentrically with shielding as instructed. The recommended dose is 64Gy in 32 
fractions given in 6.5 to 7 weeks. (Dobbs et al., 1999) 

2.3 Three-dimensional conformal radiotherapy (3D-CRT) 
Introducing CT-based radiotherapy simulations by the mid 1980s and multileaf collimator 
in new aged linear accelerators, it became possible to arrange treatment fields to 
individually match prostate target volume minimizing high dose exposure to adjacent 
normal tissues. This led to dose escalation without inducing more toxicity and 
implementing three-dimensional conformal radiotherapy in clinical practice as a gold 
standard in prostate cancer radiotherapy treatment. Practically, the aim is to minimize 
treatment toxicity for patients with more favorable disease, and to maximize locoregional 
tumor control for those with less favorable disease. (Hayden et al., 2010, Dearnaley, 2001, 
Gazdda et al., 1996/97) 
For 3D-CRT treatment planning a multi-slice CT scan and 3D planning system is used. In 
order to minimize random and systemic setup error, prior to CT scan, patient should be 
positioned and immobilized in a fashion that position obtained can be maintained and 
reproduced. This is secured by the use of alpha cradles, shells or by positioning the patient 
in supine position with leg restraints. In all this cases a midline and lateral laser lights are 
used for set up. These markers are tattooed on the skin over the pubic symphisis and 
laterally over the iliac crests. This is very important for daily positioning of the patient and 
prevention of lateral rotation. The position is later verified by portal image. (Dobbs et al., 
1999, Hayden et al., 2010, Malone et al., 2000) 
CT scan of pelvis is performed in a treatment position. Patient should empty the rectum 
and the bladder should be comfortably full both on the simulation and on the radiation. 
This standard should be followed because the variation in bladder and rectum distension 
results in significant prostate displacement. A great controversy still remains regarding 
prostate apex. MRI of pelvis and CT/MRI fusion is recommended to reduce inter-
observer variability in contouring, improving target delineation accuracy, particularly the 
prostate apex. This fusion is also recommended were significant CT artifact is present i.e. 
from hip prosthesis. 
Once the CT and/or MRI scans are obtained on each slice a target volume and organs at risk 
are delineated. Organs at risk are adjacent structures endangered by high radiation dose 
delivered to treated volume. These organs include bladder, rectum, femoral heads and small 
bowel when it is in the treatment field. (Fiorino et al., 2009) 
In 3D-CRT of prostate cancer target volume consists of clinical target volume (CTV) and 
planning target volume (PTV). CTV includes prostate only, or prostate with seminal vesicles 
and lymph nodes depending on risk category of the disease. In low-risk prostate cancer, the 
risk of seminal vesicles involvement is less than 5%, so the CTV should be restricted to prostate 
only. But, for intermediate risk patients the risk of seminal vesicle involvement is higher (over 
15%) hence the proximal third of the seminal vesicles (1 cm) should be included in CTV. For 
high-risk patients proximal 2 cm of seminal vesicles should be in encompassed with CTV. In 
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cases were seminal vesicle involvement is proven, whole of them should be included in CTV. 
Any extracapsular extension is also delineated under the CTV, and even a margin of 2-5 mm 
(excluding rectum) should be considered in high–risk and T3 disease. (Hayden et al., 2010, 
Koh et al., 2003, Boehmer et al., 2006) According to RTOG guidelines in 2009, pelvic lymph 
node irradiation may be considered in high-risk patients judged by the treating clinician. The 
risk of lymph node involvement approaches the risk of distant metastases so the benefit of 
lymph node irradiation remains controversial.  (Lawton et al., 2009) 
PTV is a margin added to CTV to reduce the impact of set-up error and organ motion on 
CTV displacement. PTV also covers inter-observer variability in both delineating of 
mentioned structures and verification process. According to RTOG recommendation, a 
PTV is determined by institutional set-up and verification protocol, and measurement of 
institutional random and systemic errors of prostate position. (Lawton et al., 2009) In 
many institutions the acceptable CTV-PTV margin ranges from 5 do 10 mm. (Hayden et 
al., 2010) (Figure 2.) 
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Fig. 2. Delineation of target volume (prostate-pink and seminal vesicles-purple) and organs 
at risk (bladder-green, rectum-red and femoral heads-light green and dark green) 
delineation. PTV margin-magenta (a, b, c). Sagital reconstruction (d). (With thanks to the 
Institute for oncology and radiology of Serbia, Belgrade) 
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positioned and immobilized in a fashion that position obtained can be maintained and 
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in supine position with leg restraints. In all this cases a midline and lateral laser lights are 
used for set up. These markers are tattooed on the skin over the pubic symphisis and 
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and the bladder should be comfortably full both on the simulation and on the radiation. 
This standard should be followed because the variation in bladder and rectum distension 
results in significant prostate displacement. A great controversy still remains regarding 
prostate apex. MRI of pelvis and CT/MRI fusion is recommended to reduce inter-
observer variability in contouring, improving target delineation accuracy, particularly the 
prostate apex. This fusion is also recommended were significant CT artifact is present i.e. 
from hip prosthesis. 
Once the CT and/or MRI scans are obtained on each slice a target volume and organs at risk 
are delineated. Organs at risk are adjacent structures endangered by high radiation dose 
delivered to treated volume. These organs include bladder, rectum, femoral heads and small 
bowel when it is in the treatment field. (Fiorino et al., 2009) 
In 3D-CRT of prostate cancer target volume consists of clinical target volume (CTV) and 
planning target volume (PTV). CTV includes prostate only, or prostate with seminal vesicles 
and lymph nodes depending on risk category of the disease. In low-risk prostate cancer, the 
risk of seminal vesicles involvement is less than 5%, so the CTV should be restricted to prostate 
only. But, for intermediate risk patients the risk of seminal vesicle involvement is higher (over 
15%) hence the proximal third of the seminal vesicles (1 cm) should be included in CTV. For 
high-risk patients proximal 2 cm of seminal vesicles should be in encompassed with CTV. In 
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cases were seminal vesicle involvement is proven, whole of them should be included in CTV. 
Any extracapsular extension is also delineated under the CTV, and even a margin of 2-5 mm 
(excluding rectum) should be considered in high–risk and T3 disease. (Hayden et al., 2010, 
Koh et al., 2003, Boehmer et al., 2006) According to RTOG guidelines in 2009, pelvic lymph 
node irradiation may be considered in high-risk patients judged by the treating clinician. The 
risk of lymph node involvement approaches the risk of distant metastases so the benefit of 
lymph node irradiation remains controversial.  (Lawton et al., 2009) 
PTV is a margin added to CTV to reduce the impact of set-up error and organ motion on 
CTV displacement. PTV also covers inter-observer variability in both delineating of 
mentioned structures and verification process. According to RTOG recommendation, a 
PTV is determined by institutional set-up and verification protocol, and measurement of 
institutional random and systemic errors of prostate position. (Lawton et al., 2009) In 
many institutions the acceptable CTV-PTV margin ranges from 5 do 10 mm. (Hayden et 
al., 2010) (Figure 2.) 
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at risk (bladder-green, rectum-red and femoral heads-light green and dark green) 
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When the delineation process is completed, the medical physicists arrange beam angles and 
adjust them to maximize target coverage and minimize high-dose exposure to normal 
organs. (Choe & Liauw, 2010) (Figure 3.) 
 
 
 
 

 
 

Fig. 3. Field arrangement for four-field (box) treatment (With thanks to the Institute for 
oncology and radiology of Serbia, Belgrade) 

Digitally reconstructed radiograph (DRR) is created by computer program transforming the 
CT slices into a radiograph image. DRR represents the referent image to which the later 
portal films of treatment field position are compared. (Figure 4.) 
Dose-volume-histogram (DVH) is also created and it shows the percent of prescribed dose 
to every delineated structure. For organs at risk the ALARA principle (as low as reasonably 
achievable) is recommended following the tolerant dose of each organ. But, although DVH 
gives valuable information on the dose to each structure, it is calculated on a single 
pretreatment pelvic organs position, and they are mobile. That is the reliability on a single 
pretreatment DVH is limited, and does not have to correlate with late toxicity (Fiorino et al., 
2009) (Figure 5.) 
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Fig. 4. Digitaly reconstructed radiographs (DRR) for AP (a) and right lateral (b) field (With 
thanks to the Institute for oncology and radiology of Serbia, Belgrade) 
 

 
Fig. 5. Dose-volume-histogram (DVH) showing the doses delivered to each delineated 
structure (With thanks to the Institute for oncology and radiology of Serbia, Belgrade) 
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Fig. 5. Dose-volume-histogram (DVH) showing the doses delivered to each delineated 
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According to EAU guidelines in prostate cancer in 2010, for external radiotherapy, a dose of 
at least 74Gy to PTV is recommended for low-risk prostate cancer because the biochemical 
disease-free survival is significantly higher when compared to a dose of under 72Gy (69% 
vs. 63%; P=0.046). For intermediate-risk prostate cancer the dose is ranging from 76Gy to 
81Gy, and for high-risk prostate cancer a combination with androgen deprivation is 
recommended regardless dose escalation since the risk of systemic relapse has to be 
covered. (Heidenereich et al., 2011) 
The patient is treated daily, 1.8 to 2Gy per fraction, on linear accelerator in a position that 
matches the position taken during CT simulation. The correct position is obtained by 
immobilizing devices and by setting up the skin tattoo markers to treatment room wall 
lasers. Once the radiotherapy has started, portal films of arranged fields are taken on the 
accelerator, in treatment position and compared with digitally reconstructed radiograph 
(DRR) for set-up or other errors several times during radiotherapy course. 

2.4 Intensity-modulated radiotherapy (IMRT) 
Intensity-modulated radiotherapy is considered a grate improvement in radiation oncology. 
It is a form of 3D-CRT in which the optimization of the dose prescribed to the target volume 
is achieved by x-ray beam intensity changes. By using computer algorithms the intensity of 
the beam is changed in order to increase the dose difference between the target volume and 
organs at risk. 
Radiotherapy treatment planning using IMRT is based on a CT slices on which the 
physician delineates target volumes as for the 3D-CRT, as well as organs at risk. For each 
delineated structure the tolerant dose in imputed in the mathematical algorithms and than 
the beam intensity is calculated as a function of beam angle. The beam angle is individually 
adjusted by inclination of the radiotherapy bed, collimator or gentry. (Valicenti et al., 2000) 
Unlike 3D-CRT, in IMRT the dose from each beam is not delivered all at once. At each beam 
angle, the intensity of the beam is modulated by multiple smaller subfields that change in 
time. This allows a high degree of dose conformity around complex and irregularly shaped 
tumors (Choe & Liauw, 2010) and dose escalation up to 86Gy. (Zelefsky et al., 2002) 

2.5 Organ motion tracking and image-guided radiotherapy (IGRT) 
Highly conformal radiation therapy requires precise localization of the prostate. Since the 
prostate gland is a movable organ due to breathing and distention of rectum and bladder, a 
variety of strategies have been developed to account prostate motion including 
transabdominal ultrasound-based imaging, on-line CT and implantation of radiopaque 
markers. 
The prostate gland can not be visualized on portal images, but radiopaque fiducial markers 
can be placed within the prostate. These markers can be visualized on portal imaging so 
prior to every treatment a correction of targeting can be made. (Choe & Liauw, 2010) A 
minimum of three markers should be implanted under ultrasound guidance in the 
ipsilateral apex, base and contra-lateral mid-gland one week prior to simulation. (Hayden et 
al., 2010) This technique is used to track interfraction movement (prostate movement 
between treatments), but it cannot account prostate movement during treatment 
(intrafractional movement). Nowadays there is a growing interest in real-time tracking of 
the prostate. There is a special system that uses a real-time tracking of the radiofrequency 
transponders implanted into the prostate and if they present outside of the predetermined 
margins the radiation stops.  
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These new technologies are still under investigation, but first results are optimistic. (Choe & 
Liauw, 2010) When IGRT is used prostate displacement caused by rectal distension is 
largely corrected. (Hayden et al., 2010) 

2.6 Acute and late toxicity of external-beam radiotherapy in prostate cancer 
Radiation-induced complications can be acute and late. Acute adverse events occur during 
treatment and late may develop months to years after treatment. When we irradiate the 
prostate, acute and late toxicity are a consequence of high dose given to the surrounding 
organs i.e. bladder, rectum and skin. The severance of these side-effects largely depends on 
the tissue volume irradiated and relates to the treatment technique. 
During conventional radiotherapy of the prostate acute toxicity include acute proctitis 
followed by rectal discomfort, tenesmus and diarrhea, and rarely rectal bleeding. It is 
mostly mild and resolves after symptomatic therapy with hydration and antidiarrheal and 
anti-inflammatory medication. Skin reactions include erythema, dry and humid 
desquamation. According to RTOG scale (RTOG, 1999) acute toxicity has four grades of 
severity stated in table 1. 
 

Grade 0 1 2 3 4 

Dermatitis No 
complications 

Mild erythema 
or dry 
desquamation 

Moderate 
erytherma or 
incipient moist 
desquamation, 
mild skid 
edema 

Confluent 
moist 
desquamation 
more than 1.5 
cm of the skin, 
moderate 
edema 

Ulcerations or 
skin necrosis 

Colitis No 
complications Asymptomatic 

Abdominal 
pain, mucus 
and/or blood 
in stool 

Abdominal 
pain, fever, 
peritoneal 
signs or ileus 

Perforation 

Diarrhea No 
complications 

Up to 4 stools 
per day 

4-6 stools per 
day, night 
stools 

More than 7 
stools per day 
and/or 
incontinency 
or parentheral 
substitution 
due to 
dehydrations 

Hemodynamic 
collapse 

Cystitis, 
dysuria 

No 
complications Mild dysuria 

Moderate 
dysuria that 
need 
symptomatic 
therapy 

Symptoms not 
relieved on 
symptomatic 
therapy 

 

Table 1. Acute toxicity in radical radiotherapy of prostate cancer-RTOG scale 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

176 
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81Gy, and for high-risk prostate cancer a combination with androgen deprivation is 
recommended regardless dose escalation since the risk of systemic relapse has to be 
covered. (Heidenereich et al., 2011) 
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matches the position taken during CT simulation. The correct position is obtained by 
immobilizing devices and by setting up the skin tattoo markers to treatment room wall 
lasers. Once the radiotherapy has started, portal films of arranged fields are taken on the 
accelerator, in treatment position and compared with digitally reconstructed radiograph 
(DRR) for set-up or other errors several times during radiotherapy course. 
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the beam is changed in order to increase the dose difference between the target volume and 
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Unlike 3D-CRT, in IMRT the dose from each beam is not delivered all at once. At each beam 
angle, the intensity of the beam is modulated by multiple smaller subfields that change in 
time. This allows a high degree of dose conformity around complex and irregularly shaped 
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Highly conformal radiation therapy requires precise localization of the prostate. Since the 
prostate gland is a movable organ due to breathing and distention of rectum and bladder, a 
variety of strategies have been developed to account prostate motion including 
transabdominal ultrasound-based imaging, on-line CT and implantation of radiopaque 
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The prostate gland can not be visualized on portal images, but radiopaque fiducial markers 
can be placed within the prostate. These markers can be visualized on portal imaging so 
prior to every treatment a correction of targeting can be made. (Choe & Liauw, 2010) A 
minimum of three markers should be implanted under ultrasound guidance in the 
ipsilateral apex, base and contra-lateral mid-gland one week prior to simulation. (Hayden et 
al., 2010) This technique is used to track interfraction movement (prostate movement 
between treatments), but it cannot account prostate movement during treatment 
(intrafractional movement). Nowadays there is a growing interest in real-time tracking of 
the prostate. There is a special system that uses a real-time tracking of the radiofrequency 
transponders implanted into the prostate and if they present outside of the predetermined 
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These new technologies are still under investigation, but first results are optimistic. (Choe & 
Liauw, 2010) When IGRT is used prostate displacement caused by rectal distension is 
largely corrected. (Hayden et al., 2010) 

2.6 Acute and late toxicity of external-beam radiotherapy in prostate cancer 
Radiation-induced complications can be acute and late. Acute adverse events occur during 
treatment and late may develop months to years after treatment. When we irradiate the 
prostate, acute and late toxicity are a consequence of high dose given to the surrounding 
organs i.e. bladder, rectum and skin. The severance of these side-effects largely depends on 
the tissue volume irradiated and relates to the treatment technique. 
During conventional radiotherapy of the prostate acute toxicity include acute proctitis 
followed by rectal discomfort, tenesmus and diarrhea, and rarely rectal bleeding. It is 
mostly mild and resolves after symptomatic therapy with hydration and antidiarrheal and 
anti-inflammatory medication. Skin reactions include erythema, dry and humid 
desquamation. According to RTOG scale (RTOG, 1999) acute toxicity has four grades of 
severity stated in table 1. 
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Dermatitis No 
complications 

Mild erythema 
or dry 
desquamation 

Moderate 
erytherma or 
incipient moist 
desquamation, 
mild skid 
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Confluent 
moist 
desquamation 
more than 1.5 
cm of the skin, 
moderate 
edema 
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skin necrosis 

Colitis No 
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Abdominal 
pain, fever, 
peritoneal 
signs or ileus 

Perforation 

Diarrhea No 
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Up to 4 stools 
per day 

4-6 stools per 
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More than 7 
stools per day 
and/or 
incontinency 
or parentheral 
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due to 
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Hemodynamic 
collapse 

Cystitis, 
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No 
complications Mild dysuria 

Moderate 
dysuria that 
need 
symptomatic 
therapy 

Symptoms not 
relieved on 
symptomatic 
therapy 

 

Table 1. Acute toxicity in radical radiotherapy of prostate cancer-RTOG scale 
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The most frequent adverse event on the urinary tract is radiation cystitis producing dysuria, 
nocturia, frequency and urgency. It is low graded in most cases (7.7%) while severe urinary 
complications are seen in less than 0.5% of patients. According to RTOG study on over 1000 
prostate cancer patients treated with external-beam radiotherapy, acute toxicity occurs in 70-
90% of the patients with mild symptoms. Moderate symptoms are developed in 20-45% of 
the patients while 1-4% has severe or prolonged reactions. (Dearnaley, 2001) 
Although acute toxicity is very unpleasant for the patient it usually resolves after the 
treatment. Late toxicity is of much more concern since it is unpredictable and very often 
irreversible. According to RTOG, late toxicity also has four grades of severity (table 2). 
Mostly it is mild and does not influence quality of life, but sever late toxicity is reported in 4-
8% of patients. Most common genitourinary side effects are chronic cystitis (5%), 
incontinency, urethral stricture (5%, mostly patients with previous transurethral resection of 
the prostate), bladder ulceration and impotency (30-40%). Late toxicity on rectum affects 3% 
of the patients and includes tenesmus, sphincter dysfunction, occasional bleeding, strictures 
or ulcerations. (Dearnaley, 2001) 
 
 

Grade 0 1 2 3 4 

Bladder No 
complications 

Mild epithelia 
atrophy, 
discreet 
teleangiectasia 

Diffuse 
teleangiectasia, 
macroscopic 
hemathuria 

Frequent 
urinating, 
dysuria and 
hemathuria, 
bladder capacity 
less than 150 ml 

Bladder 
necrosis, 
capacity less 
than 100 ml, 
hemorrhagic 
cystitis 

Skin No 
complications 

Mild skin 
atrophy, 
hyperpigment
ation, hair loss 

Moderate skin 
atrophy, 
teleangiectasis, 
total hair loss 

Severe skin 
atrophy, severe 
teleangiectasia 

Ulceration 

Bowels No 
complications 

Mild diarrhea 
or increased 
bowel motion, 
or mild rectal 
bleeding 

Moderate 
diarrhea, 
abdominal pain, 
rectal mucus or 
harder bleeding 

Ileus or bleeding 
that requires 
surgical 
treatment 

Necrosis, 
perforation, 
fistula 

Table 2. Late toxicity in radical radiotherapy of prostate cancer-RTOG scale 

Introducing 3D-CRT and IMRT the volume of bladder and rectum irradiated is limited, but 
the dose escalation can still induce significant toxicity. In trials of dose escalation, reported 
rates of acute toxicity are very similar to those of conventional radiotherapy. Late toxicity 
however is still considered high. MD Anderson trial has shown a significant gastrointestinal 
toxicity (grade 2 or more) in 25% of patients with escalated dose comparing to 13% in low 
dose group (78Gy vs. 70Gy). (Kuban et al., 2008) The Dutch trial reported 26% of late rectal 
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toxicity grade 2, and Medical research council 33% in dose escalated group. (Al-Mamgani et 
al., 2008, Dearnaley et al., 2007) These results compare with reports of IMRT treatment with 
81Gy (3% of patients experienced late rectal toxicity at grade 2 or grater) and treatment with 
IGRT with 79.8Gy (12% of patients with grade 2 rectal toxicity). (Hayden et al. 2010) For 
urinary toxicity none of these trials found significant correlation between late adverse events 
and radiation dose. Although improved radiotherapy techniques appear to enable dose 
escalation with less toxicity, the optimal dose that can eradicate the disease without the risk 
of toxicity is jet to be defined. (Choe & Liauw, 2010) 

2.7 Results of external-beam radiotherapy of prostate cancer 
Following external-beam radiotherapy, long-term clinically assessed local tumor control is 
good for patients with stage T1 cancers (83% at 15 years), but it is falling to 65-68% for T2 
and 44-75% for T3 cancers. Reported incidence of positive biopsy after external-beam 
radiotherapy vary from 18 to 45% and increases with disease bulk from 15% for T1 disease, 
to 68-79% for men with T2 and T3 cancers. Regarding biochemical control, Hanks et al. 
reported a long-term biochemical control in 72% of T1 cancers, falling to 22% and 28% for 
bulky T2 and T3 cancers in a mean follow-up of 12.6 years. 
PSA level and Gleason score are powerful predictors of outcome. In patients with low 
Gleason score the rate of biochemical control ranges about 75%,  compared to only 18% for 
Gleason score 7 and 0% for Gleason score 8 or 9. In patients with pretreatment PSA more 
than 20 ng/ml only 28% remained biochemically free of progression at 4 years in the results 
of Hanks et al (Dearnaley, 2001) 
Several randomized controlled trials and one meta-analysis shown that improved 
biochemical outcomes (biochemical failure free survival) are associated with dose escalation. 
(Kuban et al., 2008, Al-Mmgani et al., 2008, Dearnaley et al., 2007, Zietman et al., 2010, Viani 
et al., 2009). Radiation Therapy Oncology Group trials have even shown that higher 
radiation dose improves disease-specific and overall survival in high-grade prostate 
cancer. (Valicenti et al., 2000) Despite promising results of dose escalation there are still 
uncertainties regarding routine application of dose escalation especially. The subgroup of 
patients that will benefit the most from dose escalation is not clearly defined. These trials 
enrolled men in all risk groups of localized prostate. Only U.K. Medical Research Council 
trial divided patients in risk groups showing the benefit of dose escalation in all groups. 
But statistically significance was reached only in high-risk group. In the Dutch trial the 
benefit from dose escalation from 68 to 78Gy was also registered in intermediate and 
high-risk patients. These results led to a question whether a higher dose is required for 
low-risk prostate cancer. Although MD Anderson trial shown the benefit form dose 
escalation in high-risk group of patients, it also reported longer follow-up of 8.7 years that 
can indirectly demonstrate a benefit of dose escalation even in the low-risk group. While 
the improved biochemical outcomes are practically proven with dose escalation, there is 
still no sufficient evidence of improvement in cancer-specific survival and overall 
survival. (Choe & Liauw, 2010) 
Regarding overall survival, radiotherapy is efficient method for many cases of localized 
prostate cancer. Five-year overall survival for T1 and T2 stage ranges about 70-80%, and 90% 
of local tumor control. Locally advanced stages have poorer prognosis with 5-year overall 
survival of 40-50%. High Gleason score is the most significant negative prognostic marker 
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The most frequent adverse event on the urinary tract is radiation cystitis producing dysuria, 
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Grade 0 1 2 3 4 

Bladder No 
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atrophy, 
discreet 
teleangiectasia 

Diffuse 
teleangiectasia, 
macroscopic 
hemathuria 
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dysuria and 
hemathuria, 
bladder capacity 
less than 150 ml 

Bladder 
necrosis, 
capacity less 
than 100 ml, 
hemorrhagic 
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Skin No 
complications 
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atrophy, 
hyperpigment
ation, hair loss 
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teleangiectasis, 
total hair loss 
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or increased 
bowel motion, 
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bleeding 
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diarrhea, 
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rectal mucus or 
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that requires 
surgical 
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perforation, 
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Table 2. Late toxicity in radical radiotherapy of prostate cancer-RTOG scale 
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toxicity grade 2, and Medical research council 33% in dose escalated group. (Al-Mamgani et 
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since it is associated with higher malignant potential. Cancer related death for high Gleason 
score tumors (8-10) is about 60-80% in 15 years. (Hadzi-Djokic, 2005) 

3. Brachytherapy in prostate cancer 
In the age of the developed imaging technology (CT, MRI, PET, US), and advanced 
biochemical markers (tumor-specific and nonspecific), a large number of tumors, including 
prostate cancer, are being diagnosed in the early stages. In early stages of prostate cancer 
(T1-T2 N0 M0, PSA <10ng/ml, Gleason Score <6, prostate volume <50ml, maximum urinary 
flow>15ml/s), in addition to the conventional, laser and robotic prostatectomy, 
hyperthermia, hormone therapy and brachytherapy is often applied. 
In brachytherapy sealed sources of radiation are placed either in direct contact or in 
proximity of the tumor, so the interstitial brachytherapy for localized prostate cancer often 
represents the method of choice, and its efficiency is not far behind the effectiveness of 
surgery, with less morbidity. Brachytherapy allows local application of extremely high 
doses (up to 160Gy, even more). The effectiveness of prostate cancer brachytherapy is 
directly correlated with the total dose and precision of administration, which represents its 
advantage over transcutaneous radiotherapy. 
Prostate cancer is usually multicentric, so the brachytherapy target is the entire prostate, and 
the total dose has to cover the area of about 2-5 mm beyond the prostate capsule. From the 
point of radiotherapy, particularly brachytherapy, the initial prostate cancer (prostate itself, 
with or without vesicles involved) represents the ideal target, with adequate spare of the 
urethra, rectum, bladder and perineal area. Moreover, brachytherapy can be applied within 
a combined radiotherapy (brachytherapy + transcutaneous radiotherapy) by the additional 
dose (boost), as well as in the case of local recurrence or rest after prostatectomy or 
transcutaneous radiotherapy. 
Brachytherapy for prostate cancer is not a new therapy method, though in the history of 
medicine it experienced its ups and downs, mainly due to the previous imperfections of 
visualization techniques and applications, as well as, imperfection in radiation and 
dosimetric characteristics of the radiation sources, while today it is a routine method of 
treatment. With the introduction of transrectal ultrasound (TRUS), CT and development of 
new sources of radiation (103Pd, and 192Ir), techniques of radioisotope implantation (loading 
and afterloading) and computer systems for brachytherapy planning in routine clinical 
practice, interstitial brachytherapy for prostate cancer began to experience another upswing, 
but with markedly better results and lower morbidity. 
Today, two modalities for interstitial brachytherapy are applied: 
1. low dose rate (LDR), about 2Gy/day, with low activity 125I sources (from 0.03 to 1.5GBq 

per seed, max. photon energy of 35.5 keV, the half-life about 60 days in the form of 
cylinders /height 4.5 mm, 0.8 mm diameter, encapsuled in titanium sleeve/) or 103Pd 
(Blasko et al., 2000) (dose rate to about 5Gy/day; activity around 0.07GBq per source, 
the maximum photon energy of 21 keV, the half-life 17 days in the form of cylinder/ 
height 4.5 mm, 0.8 mm diameter /or spheres/ diameter of about 1 mm /) – a 
permanent implant; 

2. (high) dose rate (HDR) about 0.2 to 3Gy / min with radioactive 192Ir source in the form 
of cylinder /dimensions around 0.6 x3,5 mm / (initial activity of about 370GBq; time 
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half-life of 74.2 days, mean photon energy of about 380keV,) - a temporary 
implantation. 

3.1 Low dose rate brachytherapy 
Strictly speaking, from the point of view of radiobiology, the only differences (not great) in 
the indications for applying permanent (LDR) or temporary implantation (HDR) are mostly 
related to tumor grade. For example, with  low-grade and low-risk tumors (eg Stage<T2a, 
PSA<10, Gleason Score 2-4) and slow-growing tumors, we expect greater efficiency in the 
application of permanent implants, while with tumors of high grade and higher risk, higher 
efficiency is expected from temporary implantation. Although there are relative differences 
in the indications for application of LDR or HDR brachytherapy, it seems that the 
predominant technique is the one with permanent implants (LDR). Selection of isotopes (125I 
or 103Pd) is in the favor of the cheaper iodine, so if otherwise not indicated it's considered 
that radioisotope 125I is being used in LDR brachytherapy for treating prostate cancer. 
Permanent implants are rarely used in cases of rest or local recurrence after prostatectomy 
or transcutaneous radiotherapy. In this case a HDR brachytherapy with 192Ir of initial 
activity over 370 GBq, by using afterloading device, is applied. 
Prostate brachytherapy requires a multidisciplinary approach, which assumes collaboration 
between urologists, radiation oncologists (brachytherapists), anesthesiologists and 
brachytherapy physicists. Regardless of which brachytherapy modality is implemented in 
prostate brachytherapy, and with the aim to providing a top quality treatment, all steps are 
strictly determined: 
1. Assessing the stage and spread of the disease (laboratory-biochemical, prostate 

morphology / palpatory findings, prostate size - US and TRUS /, histopathological 
verification and determination of Gleason Score, a CT/MRI, scintigraphy, 
determination of TNM disease stage) 

2. Assessing the possibility of applications (talk with the patient, the patient’s state, 
maximum urinary flow rate, the presence of residual urine, previous TUR, assessment 
of cardiovascular conditions, the possibility of implanting, anatomy of the pelvis, 
prostate size, type of implant LDR vs. HDR) 

3. Preparing the patient prior to implantation - 24 hours in advance (admission of the 
patient, medical therapy, anti-coagulant and antibiotic, preparation of the patient, 
rectum cleaning) 

4. Preparation of instrumentarium (selection and sterilization of instruments, calibration 
of stepper, network and TRUS ) (Figure 6.) 

5. Patient’s positioning and anesthesia (in lithotomic position on the movable therapy 
table; spinal or general anesthesia) 

6. Placing markers of critical radiosensitive structures (Folly catheter for marking the 
bladder and urethra) 

7. Setting TRUS probes, template and steper, and prostate visualisation, and visualisation 
of urethra and rectum (in steps of max. 5 mm from base to apex (Grey et al., 2000), 
(Figure 7. a, c)  

8. Pre-planning (determinatuion of the number and location of radiation sources and 
methods of implantation) 

9. The application (placing the radiation source guides/needles; in the LDR technique 
inserting a radiation source - seeds) - TRUS-guided (Figure 8. b) 
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10. Verification and correction (cistoscopic, fluoroscopic, x-ray (Figure 7. c) - optional CT 
and/or MRI; in case of LDR brachytherapy adding of seeds, if necessary) 

11. Computer reconstruction (seeds / LDR / - needles / HDR /, prostate capsule, the 
position of the urethra and rectum), optimization, plan analysis (the determination of 
DVH - Dose Volume Histogram, ie. minimum volume of prostate receiving 90%, 100%, 
150% and 200% of the total dose, and the dose and volumes that receive critical 
radiosensitive structures), (Figure 7. d, e); 

12. Irradiation; for HDR brachytherapy: deapplication of needles or observation of the 
patient (LDR) 

13. Transport of patient to the patient room 
14. Patient care (analgesic and antibiotics therapy, toilet) 
15. Check-up (of dysuric problems and estimate the degree of proctitis) and discussion 

with the patient, the patient's discharge 
16. Regular checks (during treatment /HDR/ and in 2, 3, 6, 12 and 18 months, then 

annually - the level of PSA, rectal examination, assessing the level of dysuric problems 
and evaluation of potency) 

 
 
 

 
 

Fig. 6. Schematic representation of TRUS-guided brachytherapy with radioactive seeds. 
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(a)      (b)      (c)  

 

  
(d)    (e) 

(a) TRUS guided needles application 
(b) Administrated needles /guides of 192Ir source  
(c) Radiographic verification of the needles’ positions 
(d) Isodose transversal view 
(e) 3D treatment volume  
(With the thanks of the General Hospital Medical System, Belgrade) 

Fig. 7. Steps in HDR prostate cancer brachytherapy - real patient  

When using permanent implantation (monotherapy) radiation sources (seeds) remain in the 
prostate of the patient. It is therefore recommended to the patient a minimal two-week 
sexual abstinence and avoidance of contact with pregnant women and small children for a 
minimum of 2 months. A typical therapeutic dose of radiation, when 125I is implanted, is in 
the range 140-160Gy, and when 103Pd is implanted to about 125Gy. In a case of a "boost" 
dose, for 125I a somewhat lower dose of 80-120 is applied or to about 90-100Gy for 103Pd. 
(Blasko et al., 2000, Beyer, 2001) 

3.1.1 Results of low dose rate brachytherapy 
Prostate cancer with its characteristics and different biological behavior represents a 
problem in the analysis of brachytherapy final outcomes in terms of overall survival or local 
control. We are aware that many patients with untreated prostate cancer can survive tens of 
years, ie. do not die from prostate cancer. Therefore to evaluate the effectiveness of 
treatment of patients with prostate cancer, as for overall survival and local control, the PSA 
level was adopted. 
Greem and associates (Greem et al., 1997 )provide representation of the results of treatment 
of patients with permanent implants (monotherapy), showing a five-year survival of NED 
(no evidence of disease) of 94%, 84% and 54% for low risk, medium risk and higher risk 
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group of 403 patients, respectively . Blasko and associates (Blasko et al, 2000) show the 
results of a five-year biochemical PSA control: 94%, 82% and 65% for low risk, medium risk 
and higher risk respectively. Slightly worse, but comparable results are displayed by other 
authors: 85-94%, 33-82% and 5-65% for low risk, medium risk and high-risk group, 
respectively (Beyer, 2001). Based on these results, most urologists and brachytherapists 
exclude a group of patients at high risk from the LDR brachytherapy and consider them 
patients with advanced disease in which the tumor penetrated the prostate capsule. 
Association of American Brachytherapy Society has established a Low Dose-Rate Task 
Group (Merrick, G., Zelefsky, M., Sylvester, E., Nag, S., Bice, W) with the task of defining the 
general criteria for inclusion of patients with prostate cancer in the group for the treatment 
by permanent implants (LDR): expected survival > 5 years, clinical stage T1b-T2c and 
selected T3, Gleason Score<10, PSA<50ng/ml, without involved lymph nodes, no distant 
metastases, Karnofsky performance status> 70%. Criteria for exclusion are: inflammatory 
prostate disease, severe urinary obstruction, the middle lobe hyperplasia, extensive TUR 
defects, a prostate size greater than 60x50 mm, the extension of disease to the seminal 
vesicles and bladder, involved lymph nodes, previously conducted EBRT. Absolute 
contraindications are distant metastatic disease, the inability of anesthesia (general, spinal, 
epidural), no possibility of peaceful lying, expected survival <5 years. 
It is obvious that the consistent application of these criteria for inclusion and exclusion 
would ensure consistent application of LDR brachytherapy in this roup of patients, with the 
results of treatment (five-and even ten-year PSA control NED> 85%). 

3.1.2 Toxicity of low dose rate brachtherapy 
Mild and transient acute urinary symptoms (LENT SOMA, 1995) (hematuria and dysuria 
grade G1-G2) often accompany LDR brachytherapy, while the acute symptoms on the rectum 
(proctitis, tenesms and bleeding) are rare and mainly a result of edema and hematoma. All of 
the symptoms can be associated to radiation or trauma during the application procedure. 
As late symptoms of bladder neck irradiation, chronic irritative urinary symptoms may occur 
and in a small number of cases due to urethral scarring, obstruction or incontinence may 
occur. Late effects on the rectum are mild, and manifested by periodic bleeding and 
proctitis. Erectile function was preserved for over 70% of treated patients whose erectile 
function was satisfactory before the implementation of brachytherapy. In order to preserve 
erectile function, it is important to avoid positioning of seeds in the perineal area, outside 
the prostate apex, which prevents the occurrence of fibrosis and consequent 
devascuralisation of this region. Most patients (over 2/3) treated with permanent implants, 
estimate their quality of life as good, which is just as important as biochemical and clinical 
course of disease. 
However, due to the relatively limited fixation of radioactive seeds (which are smooth on 
the surface) there is a possibility of their inter-prostate migration and the creation of "hot" 
and "cold" zones, as well as, their migration to other organs (rectum, bladder and pelvic 
veins and even lungs), which sometimes requires serious surgical treatment and drastically 
reduces the quality of patient's life. 

3.2 High dose rate brachytherapy 
HDR temporary prostate cancer brachytherapy with 192Ir entered into clinical practice 
mainly in combination with transcutaneous radiotherapy about 20 years ago. Obviously, it 
was necessary to acquire certain technical and technological advances for its application 
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Soon, the advantages of HDR regime compared to LDR brachytherapy of prostate cancer 
were noticed, which are reflected in: the high precision of application, the possibility of 
subsequent dose optimization, more accurate dose planning and application, sparing the 
surrounding tissues and organs, more favorable radiobiological effect, the fact that after 
treatment there are no sources of radiation in the patient and therefore no possibility of 
source "seeds" migration into the bladder, rectum or surrounding larger blood vessels, there 
is no irradiation of staff, there is the possibility of extending indicational scope of 
application and easier possibility of combination with transcutaneous radiotherapy. 
However, when it comes to temporary HDR brachytherapy of prostate cancer as 
monotherapy, less obvious results and experiences are presented in the literature, so one can 
get the wrong impression that this modality of brachytherapy is either less efficient or at 
very least, least mystified. To clarify this problem to an extent, if not totally resolve, the 
association of American Brachytherapy Society has formed a High-Dose Rate Task Group 
(Hsu, C., Yamada, Y., Vigneaut, E., Pouliout, J.) with the aim to define general criteria for 
inclusion of patients with prostate cancer in the treatment group Temporary implants 
(HDR), which was formed following the general criteria for inclusion: clinical stageT1-T3 
and selected T4, Gleason Score any, PSA no upper limit, no distant metastases (T1-3N0M0).  
Criteria for relative exclusion are: severe urinary obstruction, extensive TUR defects, the 
TUR within 6 months, vascular disease. Absolute contraindications are impossibility to 
anesthesia and no possibility of peaceful lying  
Given all the above-mentioned recommendations, for inclusion and exclusion, and in 
particular those given by the American Brachytherapy Society, extended operational criteria 
and opinions can be formed related to the application of HDR brachytherapy in different 
patient groups, including recommendations on the total dose and method of its fractions, 
and as: 
 monotherapy - with tumor stage T1-T2 N0 M0, Gleason Score <7 and prostate volume 

to 70 cc and T3 confined to the prostate (TD - 31.5 Gy/3 fr. To TD45/6 hypofractioned 
(Duchesne & Peters, 1999) or hyperfractioned / pause between the fraction of at least 6 
hours or even up to 54Gy/9 fr./5 days (Yoshioka et al., 2006) (where the stage T3 N0 
M0 may include seminal vessicles); 

 boost in the combined radiotherapy approach (TD - 12 (Mate et al., 1998) -24 (Demanes 
et al., 2009) Gy/1-4 fr. EBRT ± 36-50Gy or 9-15Gy/1-2 fr. EBRT ± 65Gy ); 

 for recurrent disease confined to the prostate (depending on the previousl therapy TD> 
Gy/1-2 7-14 fr. to 8Gy/4 fr.) 

 further: to have no contraindications (no indication for exclusion). 

3.2.1 Results of high dose rate brachytherapy 
Yoshioka et al (Yoshioka et al., 2006) presented the results of 111 patients (15 low, 28 
medium and 68 high risk, according to the ASTRO criteria (ASTRO, 1997) treated with 
HDR temporary implantation (monotherapy), showing a three-year and five-year survival 
without signs of biochemical disease of 83% and 70%, and overall survival of 100% and 
97%, respectively. For the 17 patients from high risk groups, in which biochemical relapse 
was observed, in 9 patients the presence of distant metastases were confirmed, of which 4 
patients died. Given that this group of patients is not stratified based on risk, it is clear 
that the shown results after the HDR brachytherapy are comparable or even better than in 
patients treated with permanent implants (monotherapy) (Blasko et al., 2000, Beyer, 2001, 
Greem et al., 1997). 
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group of 403 patients, respectively . Blasko and associates (Blasko et al, 2000) show the 
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veins and even lungs), which sometimes requires serious surgical treatment and drastically 
reduces the quality of patient's life. 
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3.2.2 Toxicity of high dose rate brachytherapy 
Mild and transient acute urinary symptoms (dysuria and hematuria of grade G1) followed 
HDR brachytherapy in about 50% of patients in the first week or two, and persist for up to 
6 months in less than 35% of treated patients, while grade G2 symptoms occurred in about 
11 % of patients in the first weeks after treatment and after 6 months they completely 
disappeared. Pronounced symptoms of grade G3 (urethral stricture at the level of bladder 
base) are very rare (less than 2%), and they require a retention of urinary catheter, and 
usually occur immediately after irradiation, and disappear within ten days. Acute 
symptoms of grade G1 rectum (proctitis, tenesma and bleeding) are rare and mainly are 
result of edema and hematoma, and occur in less than 25% of patients in the first weeks 
and decrease to about 8% in the 6-month after conducted therapy. Acute complications of 
grade G3 were not observed. 
All listed acute symptoms may be connected to radiation and trauma during application 
procedure, although problems have not been noted during the application itself. 
The frequency and severity of late complications after HDR brachytherapy is similar to the 
permanent implant brachytherapy (LDR), except that complications associated with the 
migration of radiation sources do not occur. 
When HDR brachytherapy (22-24 Gy/5-6 fr.) is applied in combination with transcutaneous 
radiotherapy (EBRT to 40Gy), the results of treatment (five-year survival 
NED/biochemical/and overall survival) of 63% in patients with high risk are comparable and 
slightly better than with the application of brachytherapy (LDR and HDR) as a monotherapy. 
(Deamens et al., 2009) In the same paper, the authors conclude that no benefit was noted when 
applying deprivate androgen therapy in relation to combined radiotherapy. 
Acute and late effects on the bladder and rectum are more pronounced in cases of combined 
radiotherapy, which can be expected. 

4. Postoperative radiotherapy in prostate cancer 
Radical prostatectomy is proven treatment modality for prostate cancer control for a long 
time. Some authors report 10-year cancer-specific survival of 85-90% in localized prostate 
cancer after radical prostatectomy, and 82% at 15 years. Survival is better if the tumor is low 
grade i.e. low Gleason score and low stage.  
The risk of surgical margins positivity is of great concern after radical prostatectomy. 
Positive margins are noticed in 28% of patients with T1-T2 prostate cancer and prostate apex 
is the most common site. For T3 cancers this percent is even higher-up to 52%.  
High tumor stage (T3a and T3b) and a positive surgical margin are strong predictors of local 
recurrence, biochemical and clinical failure. In general, it is considered that the percent of 
local recurrence after radical prostatectomy ranges about 15% for T2 prostate cancers, and 
50-70% for T3 tumors. 
In order to analyze the impact of predictive factors on development of local recurrence, 
univariate and multivariate analyzes were performed. In univariate analyzes strong 
predictors of local relapse are high-grade cancer, positive surgical margins and involvement 
of seminal vesicles. In multivariate analyzes these predictors are high-grade tumor, positive 
surgical margin and elevate prostatic phosphatase.  
Identification of patients that are candidates for adjuvant therapies after radical 
prostatectomy is still a great issue. The adequate treatment modality for these patients is an 
open question too. There is no consensus yet.  
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After radical prostatectomy, the application of radiotherapy can lower the incidence of local 
relapses, but its effect on distant metastases appearance is not confirmed. Alternative 
regimen is the use of androgen-deprivation therapy alone or in combination with 
radiotherapy which can also improve local control and eradication of distant metastases. 
(Hadzi-Djokic, 2005) 
Three randomized trials (Bolla, Wiegel & Thompson), have shown an advantage in 
biochemical relapse-free survival with postoperative radiotherapy for men with positive 
surgical margins or pT3 disease. These trials compared postoperative radiotherapy with 60-
Gy to the prostatic fossa to radical prostatectomy alone in men with high-risk prostate 
cancer. With the use of postoperative irradiation the 5-year biochemical progression-free 
survival was significantly improved, as well as clinical progression-free survival. 
Thompson’s trial has also show an advantage of overall survival (10.3 years for irradiated 
patients after prostatectomy to 3.1 year for prostatectomy only). Bolla failed to demonstrate 
this advantage. That means that not all men with adverse prognostic factors will relapse. 
Also, not all men treated with postoperative radiotherapy will be cured. Combined 
treatment is also associated with greater toxicity than radiotherapy or prostatectomy alone. 
So what will the optimal treatment be? (Hayden et al., 2010, Bolla et al., 2005, Wiegel et al., 
2009, Thompson et al., 2009) Eastham et al. managed to give actually 4 possible scenarios for 
post-prostatectomy setting: (1) there is no residual disease and adjuvant radiation is not 
necessary; (2) persistent disease is present in the prostatic fossa only and adjuvant 
irradiation may provide long-term cure; (3) there is a residual local disease as well as 
microscopic disseminated disease and adjuvant irradiation may eradicate local disease but 
will have no impact on the systemic component; (4) disease is only systemic and adjuvant 
local irradiation is not necessary.  
Salvage radiotherapy in the setting of a rising PSA after prostatectomy is unproven and still 
controversial. This is most likely the result of inadequately selected patients for post-
prostatectomy irradiation. Many of them already have systemic recurrence so a detail 
diagnostic workout is necessary. (Eastham et al., 2010)  
The special issue is the use of adjuvant hormone therapy. Some studies show that the 
application of adjuvant hormone therapy reduces the risk of positive surgical margins, 
improves local disease control, eradicates micro metastases and prolongs time to 
progression and overall survival. On the other hand, neoadjuvant hormone therapy, prior to 
surgery, in order to downstage the disease, has not been proven for successes neither in 
preventing biochemical or clinical relapse nor in improving survival so in most centres it is 
deserted. (Dearnaley, 2005) 

5. Androgen-derprivation therapy combined with radiotherapy of the prostate 
cancer 
Radiotherapy is traditionally the treatment of choice in locally advanced prostate cancer. 
Unfortunately the results of radical radiotherapy regarding 10-years and 15-years overall 
survivals are not satisfactory (Zlotecki, 2001) (Table 3.) 
Androgen deprivation therapy is used routinely in combination with radiotherapy for 
locally advanced prostate cancer, but recent studies show that it improves treatment result is 
localized and intermediate-risk disease.(Milecki et al., 2010). 
Hormone therapy, that is in fact androgen deprivation, can be realized in several ways: 
orchyectomy, blockade of the hypothalamus-hypophysis-gonade path (with gonadothropin 
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realizing hormone agonist) or by direct blockade of androgen receptors with androgen 
antagonists. (Anderson, 2003) Although, it is generally thought that androgen deprivation 
combined with radiotherapy influence the results of treatment in local and systemic way, it 
is uncertain whether that action is the result of radiosensitizing, systemic micro metastases 
eradication or both. Androgen deprivation leads to the shrinkage of the entire prostate 
gland reducing the irradiated volume to which the higher dose can be applied. In several 
studies this prostate shrinkage is ranging form 30% to 40%. Some authors say that it 
improves radiotherapy effectiveness by oxygenation of hypoxic cancer cells and that it even 
induces apoptosis and tumoricidal immune system response.  
 
 

Study/Institution Clinical T stage 10 Year Survival 
(%) 

15 Year Survival 
(%) 

Pattern of Care T3-T4 33 23 

RTOG 75-06 T3-T4 38 No results 

Mallinckrodt T3 38 No results 

Stanford T3 35 18 

Stanford T4 15 15 

M.D. Anderson T3 45 31 

 

Table 3. 10 and 15-year survival rate for patients with locally advanced prostate cancer 
treated with radical RT 

The role of androgen deprivation therapy is unclear in men with low risk prostate cancer 
but some patients still received it as primary or neoadjuvant treatment. The Radiation 
Therapy Oncology Group (RTOG) 94-08 randomized trial included almost 2000 men with 
T1b-T2 prostate cancer and PSA less than 20ng/ml. Androgen deprivation therapy was 
administered 4 months prior or concomitantly with radiotherapy. Overall survival at 8 years 
was 76% vs. 73% for combined treatment and radiotherapy only, respectively. The disease-
specific survival was 98% for hormone and irradiation vs. 99% for radiotherapy alone. This 
study did not bring solid results, as well as many others, because some patients were 
clinically in a higher risk stage than deemed low risk according to National Comprehensive 
Network classification. Retrospective studies of Bolla et al. and Cietzki at al. are among few 
that have shown the advantage of radiotherapy combine with androgen-deprivation in low 
risk prostate cancer (Milecki et al., 2010)  
For intermediate and high-risk patients many randomized studies were performed such as 
RTOG 85-31 (977 patients T1-T2, T3, N+, adjuvant hormone therapy vs. radiotherapy alone), 
RTOG 86-10 (456 patients, T2-T4, neoadjuvant/concomitant hormone therapy for 4 months vs. 
radiotherapy alone), EORTC 22863 (415 patients, T1-T4 prostate cancer, concomitant/adjuvant 
hormone therapy for 36 months vs. radiotherapy alone). In 5-years follow-up all of them have 
shown a statistically significant difference in improved local disease control, reduction of 
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distant metastases and longer progression free survival in hormone therapy-radiotherapy 
group. (Jelić et al., 2005) (Table 4.) 
 
 

 N Stage Therapy Therapy 
duration 

Local 
control PFS (%) OS 

(%) Follow-up 

RTOG  
85-31 977 T1-T2, 

N+,T3 

Adj 
vs. 

only RT 
>24m vs. 0 + 53 vs. 20 

p<0.0001 

Gs 8-10 
66 vs. 55 
p=0.03 

5 years 

RTOG  
86-10 456 T2-T4 

Neoadj/conc 
vs. 

only RT 
4m vs. 0 + 33 vs. 21 

p=0.004 

Gs 2-6 
70 vs. 52 
p=0.015 

5 years 

EORTC 
22863 415 T1-T4 

conc/adj 
vs. 

only RT 
36m vs. 0 + 85 vs. 48  

p<0.001 
79 vs. 62 
p=0.01 5 years 

RTOG  
92-02 1554 T2c-

T4 

Neoadj/conc
/adj 
vs. 

Neoadj/conc 

28m vs. 0 + 
46.4 vs. 

28.1 
p<0.001 

Gs 8-10 
81 vs. 70.7 

p=0.044 
5 years 

RTOG  
94-13 1323 T1c-

T4 

Neoadj 
vs. 
adj 

4m vs. 4m + NA NA 4 years 

 

Table 4. Hormone therapy and RT. Randomized studies 

Bolla M. recommends concomitant and adjuvant hormone therapy for three years in 
combination with radiotherapy for patients with locally advanced, intermediate or high-risk 
prostate cancer. (Bolla, 2003) 
Although it is shown that androgen deprivation before, concomitantly and/or after 
radiotherapy significantly improves local disease control, minimizes progression and 
prolongs overall survival in locally advanced prostate cancer on intermediate and high-risk, 
there is not enough evidence for recommendation of optimal time to start hormone therapy, 
the type of hormones and the duration of the treatment which in clinical trials lasts from 3 
months to 3 years. (ESMO, 2003) 

6. Radiotherapy in metastatic prostate cancer 
For patients in which prostate cancer develops quickly with bony and/or other metastases 
and elevation of PSA, androgen deprivation is considered a therapeutic method of choice. It 
includes orchyectomy or TAB. Radiotherapy is considered only as palliative for painful 
bony metastases or threatening pathological fracture. 
Radiotherapy of bony metastases is mostly performed as local therapy to involved bones 
but sometimes it can be applied as half-body or total-body irradiation. For solitary or 
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realizing hormone agonist) or by direct blockade of androgen receptors with androgen 
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study did not bring solid results, as well as many others, because some patients were 
clinically in a higher risk stage than deemed low risk according to National Comprehensive 
Network classification. Retrospective studies of Bolla et al. and Cietzki at al. are among few 
that have shown the advantage of radiotherapy combine with androgen-deprivation in low 
risk prostate cancer (Milecki et al., 2010)  
For intermediate and high-risk patients many randomized studies were performed such as 
RTOG 85-31 (977 patients T1-T2, T3, N+, adjuvant hormone therapy vs. radiotherapy alone), 
RTOG 86-10 (456 patients, T2-T4, neoadjuvant/concomitant hormone therapy for 4 months vs. 
radiotherapy alone), EORTC 22863 (415 patients, T1-T4 prostate cancer, concomitant/adjuvant 
hormone therapy for 36 months vs. radiotherapy alone). In 5-years follow-up all of them have 
shown a statistically significant difference in improved local disease control, reduction of 
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distant metastases and longer progression free survival in hormone therapy-radiotherapy 
group. (Jelić et al., 2005) (Table 4.) 
 
 

 N Stage Therapy Therapy 
duration 

Local 
control PFS (%) OS 

(%) Follow-up 

RTOG  
85-31 977 T1-T2, 

N+,T3 

Adj 
vs. 

only RT 
>24m vs. 0 + 53 vs. 20 

p<0.0001 

Gs 8-10 
66 vs. 55 
p=0.03 

5 years 

RTOG  
86-10 456 T2-T4 

Neoadj/conc 
vs. 

only RT 
4m vs. 0 + 33 vs. 21 

p=0.004 

Gs 2-6 
70 vs. 52 
p=0.015 

5 years 

EORTC 
22863 415 T1-T4 

conc/adj 
vs. 

only RT 
36m vs. 0 + 85 vs. 48  

p<0.001 
79 vs. 62 
p=0.01 5 years 

RTOG  
92-02 1554 T2c-

T4 

Neoadj/conc
/adj 
vs. 

Neoadj/conc 

28m vs. 0 + 
46.4 vs. 

28.1 
p<0.001 

Gs 8-10 
81 vs. 70.7 

p=0.044 
5 years 

RTOG  
94-13 1323 T1c-

T4 

Neoadj 
vs. 
adj 

4m vs. 4m + NA NA 4 years 

 

Table 4. Hormone therapy and RT. Randomized studies 

Bolla M. recommends concomitant and adjuvant hormone therapy for three years in 
combination with radiotherapy for patients with locally advanced, intermediate or high-risk 
prostate cancer. (Bolla, 2003) 
Although it is shown that androgen deprivation before, concomitantly and/or after 
radiotherapy significantly improves local disease control, minimizes progression and 
prolongs overall survival in locally advanced prostate cancer on intermediate and high-risk, 
there is not enough evidence for recommendation of optimal time to start hormone therapy, 
the type of hormones and the duration of the treatment which in clinical trials lasts from 3 
months to 3 years. (ESMO, 2003) 

6. Radiotherapy in metastatic prostate cancer 
For patients in which prostate cancer develops quickly with bony and/or other metastases 
and elevation of PSA, androgen deprivation is considered a therapeutic method of choice. It 
includes orchyectomy or TAB. Radiotherapy is considered only as palliative for painful 
bony metastases or threatening pathological fracture. 
Radiotherapy of bony metastases is mostly performed as local therapy to involved bones 
but sometimes it can be applied as half-body or total-body irradiation. For solitary or 
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localized bony metastases radiotherapy is applied through simple fields (two opposed 
fields, single direct field etc). A higher daily dose of 2.5 Gy or 3 Gy is given. Single dose of 8 
Gy (single shoot), 20 Gy in 5 fractions or 30Gy in 10 fractions are considered to have the 
same results regarding pain relief and survival. 
Half-body irradiation is performed when there are many disseminated bony metastases and 
probably as many occult. The dose of 8 Gy is applied to lower half, and 6 Gy to upper half of 
the body. If we treat the whole body, the gap between irradiation of upper and lower half of 
the body is four weeks. (Samija et al., 1996) 
On the other hand, for patients with extensive locoregional prostate cancer, radiotherapy 
can be applied to pelvis with a total dose of 50-60Gy in order to reduce pain, hemathuria, 
urethral obstruction or lymphedema (Jelić, 2005) 

7. New radiation techniques 
The biological effect of ionizing radiation to cancer cells and normal tissues it based on the 
fact that the cancer cells are more susceptible to radiation because the lack of normal 
repair mechanism. Hypofractionated radiotherapy can reduce the duration of treatment 
since larger dose is given per day and the cumulative dose is adjusted to a lower dose. 
The randomized trials that compared hypofractionation with conventional RT did not 
have long enough follow-up and used to low total dose for current standards. But the 
investigation is still on. The extreme form of hypofractionation is stereotactic body 
radiotherapy (radiosurgery). This method uses only few fractions but with very high 
doses applied to a target volume in a very precise fashion. Although these techniques are 
attractive for theoretical advantage in radiobiology, the risk of late toxicity is 
considerable. 
Another possible radiotherapy approach to enhance radiotherapeutic ratio for prostate 
cancer is to utilize charged particles such as protons and carbon ions. The clinical benefit is 
still unclear but the optimism is based upon the fact that charged particles deposit most of 
their energy at a given depth followed by a dose fall-of with almost no dose deposition 
beyond the point of maximal dose called Bragg peak which can lead to increased normal 
tissue sparing. For proton therapy, a dosimetric analysis did not show a significant 
improvement in conformity to spare normal tissues over photon IMRT. Clinical outcome 
and toxicity is also similar. Carbon ion has the same dose distribution as proton beams with 
Bragg peak and following dose fall-of. But the relative biological effectiveness of carbon ion 
is four times higher than protons and photons that can lead to improved local tumor control 
without causing more toxicity. However these technologies are still developing and results 
are yet to be seen. (Choe & Liauw, 2010) 

8. Conclusion 
Radiotherapy is widely used as curative treatment modality for many cases of prostate 
cancer. There is a diverse array of radiotherapeutic strategies that can be effectively used to 
treat both organ-confined and locally advanced disease, alone or in combination with 
androgen-deprivation therapy. In recent decades it has undergone significant clinical and 
technological advances that aim to optimize cancer control outcomes while minimizing 
treatment morbidity. 
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1. Introduction 
There are around 35,000 new cases of prostate carcinoma (PCa) in the UK per annum, 
making it the most common solid malignancy. Approximately 10,000 men die of PCa each 
year in the UK (http://infocancerresearchukorg/cancerstats/). Disease incidence is 
increasing partly due to earlier detection and the increasing age of the population. 
Environmental causes especially dietary factors have been postulated but this is still an area 
of research. At presentation ~60% of patients have localised, ~30% locally advanced and 
10% metastatic disease.  
Radical radiotherapy (RT) can be used as part of curative therapy for both localised and 
locally advanced disease but has no proven role in the metastatic setting. Recently, radiation 
has been shown to cause immunogenic tumour cell death and to modify 
immunosuppression in the tumour environment. Importantly, reduction of tumour burden 
by RT, in an ablative setting, has been shown to depend largely on T cell responses (Lee et 
al., 2009). Combination of ionising radiation (IR) and immunological approaches in pre-
clinical models of PCa has also proved to be synergistic. Immunotherapy offers a unique co-
treatment that enables the patients’ own immune cells to contribute to the success of RT. 
Immunological memory, developing as the result of the combination treatment, may 
provide long-term protection from tumour recurrence. There are however very few clinical 
trials addressing how immunotherapy and RT can be best combined for clinical efficiency.  

2. Radiotherapy of prostate cancer 
There are four major treatment approaches for localised prostate cancer: active surveillance, 
radical prostatectomy, external beam radiotherapy (EBRT) and low-dose rate (LDR) 
brachytherapy. RT is conventionally delivered with photons with delivery systems that 
have developed considerably over the past decade, leading to lower toxicity and allowing 
safe dose escalation. Higher doses have been demonstrated to improve tumour control 
outcomes in several large Phase III trials (Viani et al., 2009). Present trials are evaluating the 
role of intensity modulated radiotherapy (IMRT), hypofractionation (treatment in ~4 weeks) 
and improved imaging during treatment with image-guided radiotherapy (IGRT) (Khoo & 
Dearnaley, 2008). Further developments in EBRT delivery systems allow highly targeted 
treatment in 5-7 fractions, called stereotactic body radiotherapy (SBRT), although tumour 
control outcomes are not yet known (King et al., 2011; Madsen et al., 2007). 
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Proton therapy is the delivery of EBRT using protons instead of photons. Protons have a 
different pattern of dose delivery within tissue, with energy deposited in a very tightly defined 
area as the protons slow. This results in less radiation being delivered beyond the target, and 
has become the radiotherapeutic modality of choice for childhood cancers and several other 
tumors. The evidence base for proton therapy for prostate cancer is less established, but its use 
in some countries has become widespread partly due to the results of a dose escalation trial 
using protons (Coen & Zietman, 2009). Proton therapy has not been compared to dose-
equivalent photon-RT. LDR brachytherapy, which uses multiple permanently planted 
radioactive seeds, can be used to deliver a very high radiation dose to a highly targeted 
volume in a single treatment with equivalent outcomes to EBRT and surgery.  
Locally advanced disease is usually treated with a combination of EBRT and androgen 
deprivation therapy (ADT) (Shelley et al., 2009; Shelley et al., 2009; Warde et al., 2010). 
However, the outcome is still relatively poor. Recent and ongoing UK-based trials are 
currently exploring the potential advantage of dose escalation in either systemic therapies 
(James et al., 2009; Guerrero Urbano et al., 2010). High dose rate (HDR) brachytherapy, 
which uses a single high-intensity radiation source that is temporarily inserted into multiple 
positions in the prostate, may also have a role in locally advanced disease as a single agent 
or in combination with ADT and/or RT (Hoskin, 2008). EBRT has a proven role as adjuvant 
or salvage therapy after radical prostatectomy. In the adjuvant setting, it has been shown to 
reduce the rate of relapse in high risk patients by approximately 50% in three randomised 
trials (Bolla et al., 2007; Thompson et al., 2006; Wiegel et al., 2009).  
The commonest site of metastases in castrate refractory metastatic PCa is bone, with 80% of 
patients dying with prostate cancer dying with bone metastases. They can cause one of 
several skeletal-related events, but pain is the predominant problem. Palliative EBRT is 
highly efficacious for single sites of disease. An alternative approach is the use of 
therapeutic bone-targeted radioisotopes. The interim results of a trial with a novel alpha-
emitting isotope, Radium-223, have reported a 3-month overall survival advantage, 
(http://www.algeta.com) suggesting that these drugs will be used more widely in the 
future. Radioimmunotherapy (RIT) refers to the use of antibody labelled with a therapeutic 
radionuclide, with the aim of delivering a cytotoxic radiation dose specifically to the 
tumour. The concept is equivalent to bone-targeted radioisotopes, but with the targeting of 
tumour-associated antigens (TAA) rather than osteoblastic metastases. The same principle 
can be used for imaging of micrometastatic disease if radionuclides of different properties 
(radiation type and energy) are used. There is much research in this field over recent years 
(Bouchelouche et al., 2011), partly due to the increasing number of PCa-specific TAA, as 
discussed later in this chapter.   

3. Immunological aspects of PCa 
PCa is an immunogenic cancer, as evidenced by a positive correlation between the 
frequency of CD8+ tumour-infiltrating T cells and prostate-specific antigen (PSA) 
recurrence-free survival (Kärjä et al., 2005). Immune cell behaviour towards tumour cells has 
been described by three stages: (1) elimination of tumour cells, (2) equilibrium between 
tumour, and immune cells – maintained by active immunological control of the tumour - 
and (3) escape of tumour cells from immunological control.  Apart from evidence from 
animal models underpinning this theory (Teng et al., 2008), clinical observations of donor-
derived melanoma developing in immunosuppressed organ transplant recipients provide 
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indirect evidence about the immune system’s role in tumour-control (Strauss & Thomas, 
2010). Overcoming anti-tumour immune responses is described as an emerging hallmark of 
cancer (Hanahan & Weinberg, 2011). Further observations and experiments are 
accumulating in order to provide firm evidence about the role of anti-tumour immune 
responses in the control of cancer.  

3.1 Tumour-associated antigens in PCa 
The specificity of tumour-infiltrating T cells reflects engagement with TAA. The presence of 
TAA-specific T cells in the TIL pool results in longer median survival compared to those 
patients whose TIL did not contain tumour-specific T cells, as observed in melanoma (22.5 
months vs. 4.5 months) (Haanen et al., 2005). There is no such prognostic correlation for the 
frequency of TAA-specific T cells in the peripheral blood of patients. TAA-specific T cell 
infiltration is likely to be important in PCa too. 
PCa-associated antigens include prostate-specific differentiation antigens, expressed both on 
healthy and malignant prostate epithelial cells, such as kallikrein-4, PAP (prostatic acid 
phosphatase) and PSA. Tumour antigens that are overexpressed on malignant cells (not all 
specific for PCa) compared to healthy epithelial cells are: PSMA (prostate specific membrane 
antigen), PSCA (prostate stem cell antigen), Her-2, MUC-1, survivin, STEAP (six 
transmembrane epithelial antigen of the prostate) and telomerase. Cancer-germline or 
cancer-testis oncofoetal antigens observed in PCa are not expressed on normal cells, but may 
be expressed by placental trophoblasts and testicular germ cells, such as NY-ESO, MAGE-
C1, MAGE-C2 and 5T4 (Chen et al., 1997; Hudolin et al., 2006; Southall et al., 1990).  
More recent additions to the list of potential TAAs in PCa are; AMACR (Honma et al., 2009), 
WT-1 (Nakatsuka et al., 2006), ADAM-17 (Sinnathamby et al., 2011), RHAMM (CD168) 
(Gust et al., 2009), SIM2 (Arredouani et al., 2009), TARP (Epel et al., 2008), SH3GLB2 (Fassò 
et al., 2008) and the androgen receptor (Olson & McNeel, 2011). T cells specific for some of 
these antigens have been identified in PCa patients and T cell clones or lines killed PCa cells, 
confirming the suitability of most of these TAA-antigens for targeted therapies.   

3.2 Tumour-infiltrating immune cells in PCa 
Prostate cancer has a complex microenvironment which develops during the course of 
tumour development. Tumour cells are surrounded by endothelial cells of blood vessels, 
stromal fibroblasts, bone marrow-derived cells and lymphocytes. These cells produce 
growth factors and enzymes that enhance tumour growth and survival, aid stroma-
remodelling and recruit further immune cells into the tumour. The two main immune cell 
types infiltrating the tumour are lymphocytes and myeloid cells.   

3.2.1 Lymphocytes 
The presence of activated T and/or natural killer (NK) cells in the tumour tissue is a positive 
prognostic factor in several solid cancers, including PCa (Kärjä et al., 2005; Gannon et al., 
2009). CD8+ T cells are responsible for direct killing of target cells which express appropriate 
peptides on MHC Class I molecules, while NK cells play a role in killing tumour cells which 
downregulate MHC Class I molecules as an evasion mechanism from T cell recognition. 
Target cell killing occurs via delivering perforin and apoptosis-inducing granzyme 
complexes into the target cell (Thiery et al., 2011). CD4+ T cells, depending on their subtype: 
Th1, Th2, Th17 or T regulatory cells (Treg) produce cytokines which support pro- or anti-
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inflammatory responses, respectively. CD4+, CD8+  and regulatory T cells are all present in 
PCa tumour tissue, with CD8+ T cells being predominant, unlike in the peripheral blood 
where CD4+ T cell frequencies are higher (Bronte et al., 2005). The majority of tumour-
infiltrating CD8+ T cells are memory or terminally differentiated cells but their ability to 
upregulate activation markers is impaired (Bronte et al., 2005; Drake, 2010). In radical 
prostatectomy specimens of PCa, IFN-γ and perforin expression is lower than in T cells in 
healthy prostate tissue (Ebelt et al., 2008). Lymphocytes can mainly be observed in clusters 
in peritumoural areas while only a few infiltrate the tumour areas (Fig. 1). 
 

 
Fig. 1. (A-C) PCa prostatectomy sections stained with haematoxylin and eosin shown at 
increasing magnifications; (C) a region with glandular () and stromal areas (). (D) 
peritumoural CD8+ T lymphocyte cluster, identified by fluorescence microscopy. (E) CD4+ 
cells are also present in this region. 

T cells with regulatory function (CD4+CD25+Foxp3+) are present at higher frequencies in 
PCa than in healthy tissue. They can be found mainly in T cell clusters surrounding prostate 
cancer lesions or in the stroma (Ebelt et al., 2009; Miller et al., 2006; Sfanos et al., 2008). Some 
of these Treg cells express the glucocorticoid-induced TNF-receptor (GITR) and ICOS (a 
CD28-superfamily costimulatory molecule) at higher levels than in blood, indicating recent 
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activation. They also express CCL22 which mediates Treg cell trafficking into the tumour 
(Miller et al., 2006). T cell clusters infiltrated by Treg cells often express high levels of PD-1 
and B7-H1 markers (Ebelt et al., 2008) which indicates T cell exhaustion and functional 
impairment.  

3.2.2 Myeloid cells 
CD68+ monocytes and macrophages have been observed at higher frequencies in PCa 
compared to benign prostate tissues in a Gleason-score and disease stage-associated manner 
(Lindholm et al., 2010). CD68+ monocytes and less differentiated CD11b+CD33+ myeloid 
cells have been shown by immunohistochemistry to be present in PCa stroma (Sorrentino et 
al., 2011). There is no information available as to whether these cells function as tumour-
associated macrophages (TAM) or myeloid-derived suppressor cells (MDSC). Monocytic 
MDSC have been characterised as CD11b+, CD14+, CD15+/-, CD16-, CD33+, CD66b+, CD124+, 
VEGFR1- and HLA-DRlow cells (Gabrilovich & Nagaraj, 2009; Marigo et al., 2008). More work 
is needed to establish if immunosuppressive MDSC are present in the microenvironment in 
PCa. Myeloid-derived dendritic cells (DC) have also been documented in PCa tissues 
although at relatively low frequencies and in a minimally activated state (Troy et al., 1998).  

3.3 Immune evasion in PCa  
The most common immunosuppressive factors in the tumour tissue include vascular 
endothelial growth factor (VEGF), transforming growth factor beta (TGF-β), interleukin (IL)-
10 and adenosine which inhibit proliferation, differentiation and activation of T 
lymphocytes and DC.  
VEGF supports tumour growth and metastasis by initiating endothelial cell proliferation 
and the formation of new blood vessels, thus providing a continuous blood supply to the 
tumour (Carmeliet & Jain, 2000). Increased angiogenesis has been observed in PCa tissue 
compared to benign prostatic hyperplasia (BPH) (Jackson et al., 1997). VEGF production by 
PCa cells in vitro is enhanced by addition of IL-1 and tumour necrosis factor alpha (TNF-α), 
both of which are found in the tumour microenvironment in PCa (Ferrer et al., 1997). VEGF 
is also important in immune suppression not only by inhibiting DC maturation and T cell 
development but also by acting as a chemoattractant for MDSC (Gabrilovich et al., 1996; 
Ohm et al., 2003; Oyama et al., 1998).  
TGF-β is a pleiotropic cytokine. During PCa development it first acts as a tumour 
suppressor and later switches roles to become a tumour promoter and immunosuppressor 
in the tumour environment. TGF-β regulates immune cells by inhibiting cytotoxic T cell 
function, supporting the development of Treg cells and interfering with DC differentiation 
(Wan & Flavell, 2007; Wrzesinski et al., 2007). PCa-derived TGF-β has been shown to 
convert CD4+CD25- T cells into CD4+ CD25+ Foxp3+ Treg cells (Liu et al., 2007).  
The anti-inflammatory cytokine IL-10 secreted by tumour and stromal cells can inhibit 
proliferation, differentiation and activation of T lymphocytes via impaired DC (Sato et al., 
2002). In the presence of IL-10, alternatively activated DC maintain an immature phenotype 
in the tumour microenvironment and induce tolerance rather than immune activation and 
support Treg cell development (H Huang et al., 2010). 
Extracellular adenosine is generated from ATP or ADP via the combined action of CD39 and 
CD73. These are ecto-nucleoside triphosphate diphosphohydrolases which, in the tumour 
tissue, are predominantly expressed on Treg cells while CD73 is also expressed on CD8+ T 
cells and tumour cells (CD73) (Stagg & Smyth, 2010). CD39 and CD73 are also expressed on 
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suppressor and later switches roles to become a tumour promoter and immunosuppressor 
in the tumour environment. TGF-β regulates immune cells by inhibiting cytotoxic T cell 
function, supporting the development of Treg cells and interfering with DC differentiation 
(Wan & Flavell, 2007; Wrzesinski et al., 2007). PCa-derived TGF-β has been shown to 
convert CD4+CD25- T cells into CD4+ CD25+ Foxp3+ Treg cells (Liu et al., 2007).  
The anti-inflammatory cytokine IL-10 secreted by tumour and stromal cells can inhibit 
proliferation, differentiation and activation of T lymphocytes via impaired DC (Sato et al., 
2002). In the presence of IL-10, alternatively activated DC maintain an immature phenotype 
in the tumour microenvironment and induce tolerance rather than immune activation and 
support Treg cell development (H Huang et al., 2010). 
Extracellular adenosine is generated from ATP or ADP via the combined action of CD39 and 
CD73. These are ecto-nucleoside triphosphate diphosphohydrolases which, in the tumour 
tissue, are predominantly expressed on Treg cells while CD73 is also expressed on CD8+ T 
cells and tumour cells (CD73) (Stagg & Smyth, 2010). CD39 and CD73 are also expressed on 
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tumour-derived exosomes, thus potentially extending the immunosuppressive tumour 
microenvironment (Clayton et al., 2010). Adenosine, generated by CD39 (ATP to ADP) and 
CD73 (ADP and AMP to adenosine) engage androgen receptors on effector T cells, 
monocytes and DC. As a consequence, pro-inflammatory cytokine production (IL-2, IL-4, 
IFNγ, TNFα, IL-12) and co-stimulatory molecule expression (e.g. CD86) decreases and cyclic 
AMP (cAMP) accumulates in these cells. cAMP further amplifies anti-inflammatory 
responses (Ernst et al., 2010).  
Cytokines, such as monocyte chemotactic protein-1 (MCP-1) and stromal-derived factor-1 
alpha (SDF-1α) secreted by tumour cells and tumour-associated stromal cells have been 
associated with enhanced prostate epithelial cell proliferation and migration (Begley et al., 
2005; Lu et al., 2006). They also induce the recruitment of myeloid cells at the tumour site 
and suppress immune responses (Allavena et al., 2008; Loberg et al., 2007). TAM also 
produce MCP-1 resulting in an amplification loop for further monocyte recruitment 
(Allavena et al., 2008). 

4. Immunological aspects of radiation therapy 
The effects of IR on human tissue have been studied for decades. The key therapeutic effect 
is thought to be via direct killing of tumour cells by initiating irreparable double-stranded 
DNA breaks. However, the consequences of RT are much more complex than that, as 
radiation also affects tumour stroma, including tumour-resident immune cells, and results 
in the re-modelling of the tumour microenvironment. One of the consequences is the 
reduction of immunosuppression in the tumour tissue.  

4.1 IR-mediated release of cellular tumour antigens 
The details of the multiple cellular events downstream of radiation-induced DNA damage are 
beyond the scope of this chapter. The damage results in activation of damage recognition 
pathways and proliferative arrest, which can ultimately be repaired (fully or partially), or lead 
to cell death. RT-induced apoptotic and necrotic tumour cell death provide a cellular source of 
tumour antigens. The tissue damage attracts phagocytic cells to the site of radiation. 
Monocytes, macrophages and dendritic cells (DC) phagocytose and process dead tumour cells 
and carry TAA into draining lymph nodes where antigen presentation and T cell stimulation 
occur. Contrary to natural cell death which occurs without generating an inflammatory 
response, IR-treated tumour cells express heat shock proteins, translocate antigens such as 
calreticulin (CR) from the endoplasmic reticulum to the cell surface and passively release high 
mobility group protein B1 (HMGB1). DNA, RNA and ATP release are also observed at the site 
of radiation damage. Phagocytosis and simultaneous signalling in DC by HMGB1 via Toll-like 
receptors (TLR) such as TLR4 and TLR2, or via RAGE (receptor for advanced glycan end 
products) trigger DC to release IL-1β and present TAA in an immunogenic manner to T cells 
and B cells (Ma et al., 2011). ATP, released by damaged cells, also contributes to DC 
maturation via stimulating purinergic P2RX7 receptors and driving IL-1β secretion (Aymeric 
et al., 2010). Local radiation of mouse B16 tumour has generated DC efficiently cross-present 
tumour antigens in a Type I interferon (IFN)-dependent manner (Burnette et al., 2011). Single 
nucleotide polymorphisms (SNP) of TLR4 (Asp299Gly and Thr399Ilr) or P2RX7 (Glu496Ala) 
(Sluyter et al., 2004; Arbour et al., 2000), which affect the function of these molecules, may be 
associated with worse prognosis, as shown in breast cancer patients undergoing 
chemotherapy (Apetoh et al., 2007).   
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4.2 Chemokine and cytokine induction by IR 
Tumour cells, not killed by IR, respond to radiation by increasing the production of pro-
inflammatory cytokines that include TNFα, IL-1α/β, IL-6 and IL-8 (Shiao & Coussens, 
2010; Formenti & Demaria, 2009; Van Der Meeren et al., 1999; Matsumura & Demaria, 
2010). The main effect of these cytokines is an inflammatory response and the recruitment 
of activated T cells and macrophages to irradiated tumours (Formenti & Demaria, 2009). 
The widely used PCa cell line, LNCaP, is extremely sensitive to TNFα (Chopra et al., 
2004). TNFα-treatment results in growth-arrest and apoptosis of LNCaP cells but not of 
normal prostate epithelial cells, suggesting that IR-induced TNFα expression may 
selectively induce apoptosis of tumour cells without affecting normal prostate epithelial 
cells. Immune cell recruitment is further enhanced by the production of the chemokine 
CXCL16 which is induced by IL-1β and TNFα, both upregulated by IR (Lu et al., 2008). 
PCa cell lines (LNCaP, DU145, C4-2B and PC3) produce CXCL16 in culture without IR 
treatment (Lu et al., 2008). 

4.3 Irradiated tumour cells become sensitive to immune cell attack 
In tumour cells, not killed by IR, surface molecules such as MHC, the death receptor Fas and 
heat-shock proteins become upregulated (Shiao & Coussens, 2010; Garnett et al., 2004; 
Lugade et al., 2008). IR-induced upregulation of MHC Class I molecules, on both tumour 
cells and APC, improves antigen presentation and may enhance tumour cell recognition by 
activated CD8+ cells that infiltrate the tumour at an enhanced rate following radiation (Reits 
et al., 2006; Lugade et al., 2005). 
Adhesion molecules, such as intracellular adhesion molecule (ICAM)-1, vascular cell 
adhesion molecule (VCAM)-1 and platelet endothelial cell adhesion molecule (PECAM)-1, 
along with integrins, selectins and cadherins are also upregulated in the tumour tissue by IR 
(Baluna et al., 2006; Lugade et al., 2008). ICAM-1 is known to be upregulated by 
inflammatory cytokines such as TNFα, IL-1α/β and IL-6 thus resulting in lymphocyte and 
macrophage accumulation in inflamed tissues. As previously discussed, these cytokines are 
upregulated in the tumour tissue as a response to IR. ICAM-1 has an important role in 
enhancing T cell killing via cell-cell adhesion to lymphocyte function-associated antigen 
(LFA)-1 and by directly co-stimulating activated T cells (Garnett et al., 2004; Baluna et al., 
2006). PCa cells express ICAM-1 and VCAM-1 and in tissue areas of high lymphocyte and 
neutrophil accumulation the expression of ICAM-1 is significantly elevated (Fujita et al., 
2008; Rokhlin & Cohen, 1995). These data suggest that ICAM-1 upregulation by IR may 
facilitate immune responses by recruiting lymphocytes and macrophages to the tumour site. 
Increased adhesion between tumour cells with upregulated ICAM-1 and activated CD8+ T 
cells expressing LFA-1+ may result in more powerful cytotoxic T cell activity.  

4.4 Direct effect of IR on immune cells 
Immune cells are highly susceptible to IR-induced damage and readily undergo apoptosis. 
Therapeutic doses of RT often result in lymphopenia. One of the potential immunologically 
positive effects of direct IR on tumour-infiltrating immune cells is the depletion of Treg cells. 
However, there is some controversy regarding this question. Cao et al. observed that the 
proportion of Foxp3+ cells within purified CD4+CD25+ T cell population decreased 
significantly (48.2% to 23.3%) following irradiation with 1.8 Gy in vitro and was abolished 
(1.2%) by 30 Gy. The suppressive function of these Treg cells was also impaired by IR 
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tumour-derived exosomes, thus potentially extending the immunosuppressive tumour 
microenvironment (Clayton et al., 2010). Adenosine, generated by CD39 (ATP to ADP) and 
CD73 (ADP and AMP to adenosine) engage androgen receptors on effector T cells, 
monocytes and DC. As a consequence, pro-inflammatory cytokine production (IL-2, IL-4, 
IFNγ, TNFα, IL-12) and co-stimulatory molecule expression (e.g. CD86) decreases and cyclic 
AMP (cAMP) accumulates in these cells. cAMP further amplifies anti-inflammatory 
responses (Ernst et al., 2010).  
Cytokines, such as monocyte chemotactic protein-1 (MCP-1) and stromal-derived factor-1 
alpha (SDF-1α) secreted by tumour cells and tumour-associated stromal cells have been 
associated with enhanced prostate epithelial cell proliferation and migration (Begley et al., 
2005; Lu et al., 2006). They also induce the recruitment of myeloid cells at the tumour site 
and suppress immune responses (Allavena et al., 2008; Loberg et al., 2007). TAM also 
produce MCP-1 resulting in an amplification loop for further monocyte recruitment 
(Allavena et al., 2008). 

4. Immunological aspects of radiation therapy 
The effects of IR on human tissue have been studied for decades. The key therapeutic effect 
is thought to be via direct killing of tumour cells by initiating irreparable double-stranded 
DNA breaks. However, the consequences of RT are much more complex than that, as 
radiation also affects tumour stroma, including tumour-resident immune cells, and results 
in the re-modelling of the tumour microenvironment. One of the consequences is the 
reduction of immunosuppression in the tumour tissue.  

4.1 IR-mediated release of cellular tumour antigens 
The details of the multiple cellular events downstream of radiation-induced DNA damage are 
beyond the scope of this chapter. The damage results in activation of damage recognition 
pathways and proliferative arrest, which can ultimately be repaired (fully or partially), or lead 
to cell death. RT-induced apoptotic and necrotic tumour cell death provide a cellular source of 
tumour antigens. The tissue damage attracts phagocytic cells to the site of radiation. 
Monocytes, macrophages and dendritic cells (DC) phagocytose and process dead tumour cells 
and carry TAA into draining lymph nodes where antigen presentation and T cell stimulation 
occur. Contrary to natural cell death which occurs without generating an inflammatory 
response, IR-treated tumour cells express heat shock proteins, translocate antigens such as 
calreticulin (CR) from the endoplasmic reticulum to the cell surface and passively release high 
mobility group protein B1 (HMGB1). DNA, RNA and ATP release are also observed at the site 
of radiation damage. Phagocytosis and simultaneous signalling in DC by HMGB1 via Toll-like 
receptors (TLR) such as TLR4 and TLR2, or via RAGE (receptor for advanced glycan end 
products) trigger DC to release IL-1β and present TAA in an immunogenic manner to T cells 
and B cells (Ma et al., 2011). ATP, released by damaged cells, also contributes to DC 
maturation via stimulating purinergic P2RX7 receptors and driving IL-1β secretion (Aymeric 
et al., 2010). Local radiation of mouse B16 tumour has generated DC efficiently cross-present 
tumour antigens in a Type I interferon (IFN)-dependent manner (Burnette et al., 2011). Single 
nucleotide polymorphisms (SNP) of TLR4 (Asp299Gly and Thr399Ilr) or P2RX7 (Glu496Ala) 
(Sluyter et al., 2004; Arbour et al., 2000), which affect the function of these molecules, may be 
associated with worse prognosis, as shown in breast cancer patients undergoing 
chemotherapy (Apetoh et al., 2007).   
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4.2 Chemokine and cytokine induction by IR 
Tumour cells, not killed by IR, respond to radiation by increasing the production of pro-
inflammatory cytokines that include TNFα, IL-1α/β, IL-6 and IL-8 (Shiao & Coussens, 
2010; Formenti & Demaria, 2009; Van Der Meeren et al., 1999; Matsumura & Demaria, 
2010). The main effect of these cytokines is an inflammatory response and the recruitment 
of activated T cells and macrophages to irradiated tumours (Formenti & Demaria, 2009). 
The widely used PCa cell line, LNCaP, is extremely sensitive to TNFα (Chopra et al., 
2004). TNFα-treatment results in growth-arrest and apoptosis of LNCaP cells but not of 
normal prostate epithelial cells, suggesting that IR-induced TNFα expression may 
selectively induce apoptosis of tumour cells without affecting normal prostate epithelial 
cells. Immune cell recruitment is further enhanced by the production of the chemokine 
CXCL16 which is induced by IL-1β and TNFα, both upregulated by IR (Lu et al., 2008). 
PCa cell lines (LNCaP, DU145, C4-2B and PC3) produce CXCL16 in culture without IR 
treatment (Lu et al., 2008). 

4.3 Irradiated tumour cells become sensitive to immune cell attack 
In tumour cells, not killed by IR, surface molecules such as MHC, the death receptor Fas and 
heat-shock proteins become upregulated (Shiao & Coussens, 2010; Garnett et al., 2004; 
Lugade et al., 2008). IR-induced upregulation of MHC Class I molecules, on both tumour 
cells and APC, improves antigen presentation and may enhance tumour cell recognition by 
activated CD8+ cells that infiltrate the tumour at an enhanced rate following radiation (Reits 
et al., 2006; Lugade et al., 2005). 
Adhesion molecules, such as intracellular adhesion molecule (ICAM)-1, vascular cell 
adhesion molecule (VCAM)-1 and platelet endothelial cell adhesion molecule (PECAM)-1, 
along with integrins, selectins and cadherins are also upregulated in the tumour tissue by IR 
(Baluna et al., 2006; Lugade et al., 2008). ICAM-1 is known to be upregulated by 
inflammatory cytokines such as TNFα, IL-1α/β and IL-6 thus resulting in lymphocyte and 
macrophage accumulation in inflamed tissues. As previously discussed, these cytokines are 
upregulated in the tumour tissue as a response to IR. ICAM-1 has an important role in 
enhancing T cell killing via cell-cell adhesion to lymphocyte function-associated antigen 
(LFA)-1 and by directly co-stimulating activated T cells (Garnett et al., 2004; Baluna et al., 
2006). PCa cells express ICAM-1 and VCAM-1 and in tissue areas of high lymphocyte and 
neutrophil accumulation the expression of ICAM-1 is significantly elevated (Fujita et al., 
2008; Rokhlin & Cohen, 1995). These data suggest that ICAM-1 upregulation by IR may 
facilitate immune responses by recruiting lymphocytes and macrophages to the tumour site. 
Increased adhesion between tumour cells with upregulated ICAM-1 and activated CD8+ T 
cells expressing LFA-1+ may result in more powerful cytotoxic T cell activity.  

4.4 Direct effect of IR on immune cells 
Immune cells are highly susceptible to IR-induced damage and readily undergo apoptosis. 
Therapeutic doses of RT often result in lymphopenia. One of the potential immunologically 
positive effects of direct IR on tumour-infiltrating immune cells is the depletion of Treg cells. 
However, there is some controversy regarding this question. Cao et al. observed that the 
proportion of Foxp3+ cells within purified CD4+CD25+ T cell population decreased 
significantly (48.2% to 23.3%) following irradiation with 1.8 Gy in vitro and was abolished 
(1.2%) by 30 Gy. The suppressive function of these Treg cells was also impaired by IR 
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probably due to loss of membrane-bound TGF-β (Cao et al., 2009). Tregs were especially 
sensitive to low-dose radiation compared to effector T cells (Cao et al., 2011). Another study, 
in TRAMP mice, had the opposite findings: Treg cell numbers increased in immune organs 
after local or whole body irradiation without changes to their functional activity (Kachikwu 
et al., 2010), indicating relative resistance to 0-20 Gy radiation. It remains to be seen what 
happens to Tregs in situ during RT of PCa. 
We showed recently that lymphopenia following prostate and pelvic RT causes preferential 
death of naïve or unstimulated T-cells (Tabi et al., 2010). Elevated frequencies of Treg cells 
were observed in the circulation following 44 Gy radiation in 20 fractions to the pelvic nodes 
and 55 Gy to the prostate (Fig.2). T cell proliferative function was also impaired (Tabi et al., 
2010) but it was restored in vitro with exogenous IL-2 without increasing Treg frequencies 
(Fig. 2). This indicates that IL-2 maybe used to support T cell function after patients 
completed standard RT. 
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Fig. 2. IL-2 response of Treg cells from the peripheral blood of PCa patients undergoing 
standard RT. Frequencies of CD4+CD25+Foxp3+ T cells (see gate in insert) were measured 
before (RT0), immediately after radical radiation in 20 fractions (RT20) and 4 weeks after the 
last fraction (pRT4). Means and SD of triplicates are shown from a representative patient. 
Frequencies of Tregs were elevated at RT20, but returned to pre-radiation (RT0) level at 
pRT4. Unlike at RT0 or RT20, exogenous IL-2, added to the cells in vitro, did not increase 
Treg frequencies at pRT4.    

Most importantly, we identified novel TAA-specific T-cell responses post-RT (Tabi et al., 
2010), which were not present before RT. Similar findings were observed by others 
(Nesslinger et al., 2007; Schaue et al., 2008), indicating the ability of radiation to shift the 
balance between tumour-specific regulatory and effector immune mechanisms. 

 
Combination of Immunotherapy & Radiotherapy for the Treatment of Prostate Cancer 

 

203 

5. RT and immunotherapy combination modalities 
5.1 Pre-clinical models 
The use of IL-2 as a monotherapy in cancer has been extensively researched but due to 
issues with toxicity its clinical use has been limited. In the murine renal adenocarcinoma 
model, IR was found to augment the response of pulmonary metastases to IL-2 therapy 
(Younes et al., 1995). Following IR to one lung, plus systemic IL-2 treatment, a reduction in 
tumour size was observed in both lungs. The effect is dose-dependent and 
immunohistological studies show significant infiltration of T cells and macrophages at the 
tumour site. IL-2 is capable of rescuing T cells from IR-induced apoptosis and restores T cell 
proliferation after RT (Tabi et al., 2010). Its use in combination with RT may minimise the 
immunosuppressive effects of RT and enhance tumour cell killing via T cells (Mor & Cohen, 
1996). In PCa, the combination of IL-2 and radiation in a mouse bone metastases model 
demonstrated a ~50% inhibition of tumour growth (Hillman et al., 2003). There was a 
greater degree of tumour destruction in IL-2-treated irradiated tumours than in irradiated 
tumours alone and the histology revealed increased fibrosis and elevated numbers of 
infiltrating inflammatory immune cells.  
Antitumour effects were also observed in a model utilising IL-12 and RT. IL-12 is secreted 
by mature DC and macrophages and required for IFNγ and TNFα production from T cells 
and mediates a Th1-type immune response. Adenovirus-derived IL-12 plus RT significantly 
increased local antitumour and systemic antimetastatic effects in a preclinical model of 
metastatic PCa when compared to either treatment alone (Fujita et al., 2008). This 
antimetastatic activity is due to the antitumoural activities of natural killer (NK) cells. These 
results were also observed in the 4T1 mammary carcinoma. The combination of RT and an 
adenoviral vector encoding IL-12 and the co-stimulatory molecule CD80 resulted in a 
significant reduction in tumour growth (Lohr et al., 2000). The antitumour effect observed in 
the combination therapy group was far superior if the IL-12 and CD80-expressing 
adenovirus was administered after the final fraction of radiation.  
Further cytokine studies have evaluated the combined effect of IL-3 and RT. IL-3 
differentiates haematopoietic stem cells into myeloid progenitor cells and stimulates the 
proliferation of myeloid-derived cells such as DC and monocytes. In mouse models of 
fibrosarcoma and PCa, IL-3 was found to increase the tumour response to radiation. 
Combining adenoviral-IL-3 and radiation in the TRAMP-C1 mouse prostate model caused 
significant delays in tumour growth. Further reports indicated that adenoviral-IL-3 plus 
radiation enhanced IFNγ-producing CD4+ and CD8+  T cell responses in the spleen (Oh et 
al., 2004). This shifted the immune response to a Th1–type response from a suppressive Th2-
type response (Tsai et al., 2006).  
The combination of the pro-inflammatory cytokine TNFα and RT in mouse mammary 
carcinoma delayed tumour growth at a greater extent than either treatment alone 
(Nishiguchi et al., 1990). Similar synergistic effects have also been observed in mouse 
melanoma, lung adenocarinoma and brain tumours. The combined effects were attributed to 
increased recruitment and enhanced activation of lymphocytes and neutrophils (Gridley et 
al., 1996; Gridley et al., 2002; Gridley et al., 2000; Jin et al., 2005; Li et al., 1998).  
Adoptive-cell-transfer (ACT) therapy is the passive transfer of tumour-specific T cells that 
have been expanded ex vivo. Local tumour irradiation can enhance the therapeutic efficacy 
of ACT therapy (Teitz-Tennenbaum et al., 2009). Combination of RT with ACT of 
carcinoembryonic antigen (CEA)-specific CD8+ T cells in a mouse colon carcinoma 
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probably due to loss of membrane-bound TGF-β (Cao et al., 2009). Tregs were especially 
sensitive to low-dose radiation compared to effector T cells (Cao et al., 2011). Another study, 
in TRAMP mice, had the opposite findings: Treg cell numbers increased in immune organs 
after local or whole body irradiation without changes to their functional activity (Kachikwu 
et al., 2010), indicating relative resistance to 0-20 Gy radiation. It remains to be seen what 
happens to Tregs in situ during RT of PCa. 
We showed recently that lymphopenia following prostate and pelvic RT causes preferential 
death of naïve or unstimulated T-cells (Tabi et al., 2010). Elevated frequencies of Treg cells 
were observed in the circulation following 44 Gy radiation in 20 fractions to the pelvic nodes 
and 55 Gy to the prostate (Fig.2). T cell proliferative function was also impaired (Tabi et al., 
2010) but it was restored in vitro with exogenous IL-2 without increasing Treg frequencies 
(Fig. 2). This indicates that IL-2 maybe used to support T cell function after patients 
completed standard RT. 
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Fig. 2. IL-2 response of Treg cells from the peripheral blood of PCa patients undergoing 
standard RT. Frequencies of CD4+CD25+Foxp3+ T cells (see gate in insert) were measured 
before (RT0), immediately after radical radiation in 20 fractions (RT20) and 4 weeks after the 
last fraction (pRT4). Means and SD of triplicates are shown from a representative patient. 
Frequencies of Tregs were elevated at RT20, but returned to pre-radiation (RT0) level at 
pRT4. Unlike at RT0 or RT20, exogenous IL-2, added to the cells in vitro, did not increase 
Treg frequencies at pRT4.    

Most importantly, we identified novel TAA-specific T-cell responses post-RT (Tabi et al., 
2010), which were not present before RT. Similar findings were observed by others 
(Nesslinger et al., 2007; Schaue et al., 2008), indicating the ability of radiation to shift the 
balance between tumour-specific regulatory and effector immune mechanisms. 
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5. RT and immunotherapy combination modalities 
5.1 Pre-clinical models 
The use of IL-2 as a monotherapy in cancer has been extensively researched but due to 
issues with toxicity its clinical use has been limited. In the murine renal adenocarcinoma 
model, IR was found to augment the response of pulmonary metastases to IL-2 therapy 
(Younes et al., 1995). Following IR to one lung, plus systemic IL-2 treatment, a reduction in 
tumour size was observed in both lungs. The effect is dose-dependent and 
immunohistological studies show significant infiltration of T cells and macrophages at the 
tumour site. IL-2 is capable of rescuing T cells from IR-induced apoptosis and restores T cell 
proliferation after RT (Tabi et al., 2010). Its use in combination with RT may minimise the 
immunosuppressive effects of RT and enhance tumour cell killing via T cells (Mor & Cohen, 
1996). In PCa, the combination of IL-2 and radiation in a mouse bone metastases model 
demonstrated a ~50% inhibition of tumour growth (Hillman et al., 2003). There was a 
greater degree of tumour destruction in IL-2-treated irradiated tumours than in irradiated 
tumours alone and the histology revealed increased fibrosis and elevated numbers of 
infiltrating inflammatory immune cells.  
Antitumour effects were also observed in a model utilising IL-12 and RT. IL-12 is secreted 
by mature DC and macrophages and required for IFNγ and TNFα production from T cells 
and mediates a Th1-type immune response. Adenovirus-derived IL-12 plus RT significantly 
increased local antitumour and systemic antimetastatic effects in a preclinical model of 
metastatic PCa when compared to either treatment alone (Fujita et al., 2008). This 
antimetastatic activity is due to the antitumoural activities of natural killer (NK) cells. These 
results were also observed in the 4T1 mammary carcinoma. The combination of RT and an 
adenoviral vector encoding IL-12 and the co-stimulatory molecule CD80 resulted in a 
significant reduction in tumour growth (Lohr et al., 2000). The antitumour effect observed in 
the combination therapy group was far superior if the IL-12 and CD80-expressing 
adenovirus was administered after the final fraction of radiation.  
Further cytokine studies have evaluated the combined effect of IL-3 and RT. IL-3 
differentiates haematopoietic stem cells into myeloid progenitor cells and stimulates the 
proliferation of myeloid-derived cells such as DC and monocytes. In mouse models of 
fibrosarcoma and PCa, IL-3 was found to increase the tumour response to radiation. 
Combining adenoviral-IL-3 and radiation in the TRAMP-C1 mouse prostate model caused 
significant delays in tumour growth. Further reports indicated that adenoviral-IL-3 plus 
radiation enhanced IFNγ-producing CD4+ and CD8+  T cell responses in the spleen (Oh et 
al., 2004). This shifted the immune response to a Th1–type response from a suppressive Th2-
type response (Tsai et al., 2006).  
The combination of the pro-inflammatory cytokine TNFα and RT in mouse mammary 
carcinoma delayed tumour growth at a greater extent than either treatment alone 
(Nishiguchi et al., 1990). Similar synergistic effects have also been observed in mouse 
melanoma, lung adenocarinoma and brain tumours. The combined effects were attributed to 
increased recruitment and enhanced activation of lymphocytes and neutrophils (Gridley et 
al., 1996; Gridley et al., 2002; Gridley et al., 2000; Jin et al., 2005; Li et al., 1998).  
Adoptive-cell-transfer (ACT) therapy is the passive transfer of tumour-specific T cells that 
have been expanded ex vivo. Local tumour irradiation can enhance the therapeutic efficacy 
of ACT therapy (Teitz-Tennenbaum et al., 2009). Combination of RT with ACT of 
carcinoembryonic antigen (CEA)-specific CD8+ T cells in a mouse colon carcinoma 
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demonstrated increased tumour rejection, that could be attributed to the upregulation of the 
death receptor Fas on the surface of irradiated tumour cells (Chakraborty et al., 2003).  
The anti-tumour effect can be further enhanced by intratumoural administration of DC. In a 
murine metastatic melanoma model reduction in the size of tumour and extent of 
spontaneous metastasis and prolonged survival were observed after irradiation and 
intratumoural DC administration. This was associated with an increase in proliferation, 
accumulation and cytokine production of CD4+ cells. Similar results were observed in DC 
plus irraditation in melanoma and sarcoma models (J. Huang et al., 2007). Kjaergaard et al. 
(2005) reported a method of fusing DC with tumour cells via an electric field resulting in a 
TAA-DC primed vaccine. These DC/tumour cell fusions induce a potent immune response 
in combination with local cranial RT in mouse glioma. Both CD4+ and CD8+ T cells infiltrate 
the tumours, leading to complete tumour regression. Tumour rejection was also observed 
after subsequent tumour challenge, indicating the presence of immunological memory. 
Vaccines containing either modified tumour cells that are more immunogenic than the 
“native” tumour cells or TAA-vaccines have been tested extensively in preclinical models. 
Combination of cytokine-producing vaccines with local RT in mouse glioma demonstrated 
that IL-4 and GM-CSF vaccines alone were capable of curing 20-40% of mice but in 
combination with local RT 80-100% of the mice were cured. The brain tumours were heavily 
infiltrated with CD4+ T cells (Lumniczky et al., 2002). The increased  anti-tumour effect of 
GM-CSF and RT was also demonstrated in mouse glioma using a vaccine which contained 
GM-CSF-secreting tumour cells (Newcomb et al., 2006).  
Strategies using RT in combination with monoclonal antibodies that are specific for TAA are 
now commonly used in clinical oncology (reviewed by Drake, 2010). In a mouse lung cancer 
model, monoclonal antibody to OX40 (a secondary co-stimulatory molecule expressed on 
activated CD4+ and CD8+ T cells) and RT resulted in a synergistic effect on survival compared 
to either treatment alone (Yokouchi et al., 2008). The effect was CD8+ T cell dependent. 
Antibody-based immunotherapy strategies aiming to neutralise molecules implied in immune 
tolerance have also been examined. Antibodies for the cytotoxic T lymphocyte antigen 
(CTLA)-4 (a CD28-superfamily molecule causing T cell functional inhibition) have been 
shown to induce effective anti-tumour responses via lowering the threshold of tumour-specific 
T cell activation (reviewed by Drake, 2010). Based on the preclinical findings, CTLA-4 
inhibition by the antibody Ipilimumab is now an FDA approved treatment of metastatic 
melanoma (Chambers et al., 2001). Its combination with RT is being tested in animal models 
(Dewan et al., 2009) and in clinical trials (see next section). 

5.2 Clinical trials  
There is huge potential for augmentation of the radiation response with the use of 
immunotherapy but as yet there are only a few clinical trials published. These were carried 
out in PCa patients at the National Cancer Institute, using a recombinant viral vaccine 
consisting of recombinant vaccinia virus (rV) encoding PSA, admixed with rV encoding the 
co-stimulatory molecule B7.1, followed by booster vaccinations with recombinant fowlpox 
(rFP) vector expressing PSA prior to RT. The product has been further developed and is 
presently marketed as Prostvac® which encodes ICAM-1 and LFA-3 in addition to B7.1 
(PSA-TRICOM). This agent has been shown to improve median overall survival from 16.6 
months to 25.1 months in a phase II multi-centre randomized controlled trial in 125 men 
with asymptomatic or minimally symptomatic metastatic castrate refractory prostate cancer 
(Kantoff et al., 2010). There was similar progression-free survival in the two arms of the trial, 

 
Combination of Immunotherapy & Radiotherapy for the Treatment of Prostate Cancer 

 

205 

but the hazard ratio for death was 0.56 (95% CI 0.37 to 0.85) in the PSA-TRICOM arm and 
the treatment was generally well tolerated.  
The initial results of the phase II trial in combination with radiation were highly 
encouraging. Thirty patients were randomised in a 2:1 ratio to receive vaccine plus EBRT or 
EBRT alone. In this trial the vaccine consisted of a priming vaccine with rV-PSA plus rV-
B7.1 followed by monthly booster vaccines with rFP-PSA. The immunological adjuvants 
used were GMCSF and high dose IL-2. PSA-specific T cell responses generated prior to RT 
were not adversely affected by RT, confirming our observation (Tabi et al., 2010). In total, 13 
of the 17 patients in the combination arm had increases in PSA-specific T cells and epitope 
spreading to 4 other prostate cancer TAA (PSMA, PAP, PSCA and MUC-1) was noted 
(Gulley et al., 2005), possibly due to cross-presentation of a mix of TAA from dying tumour 
cells by DC (Obeid et al., 2007). There was some IL-2 toxicity, which was reduced in a single-
arm follow-up study using lower doses but longer durations of IL-2; immunological effects 
were equivalent (Gulley et al., 2005; Lechleider et al., 2008).  
There is one other reported ongoing work of immunotherapy-radiotherapy combination 
with intraprostatic injections of autologous DC. The first report confirms the safety of this 
approach in 5 HLA-A2+ patients with high risk, localised disease, also treated with ADT, 
EBRT to 45 Gy and LDR brachytherapy. Autologous intraprostatic DC injections were given 
at four timepoints during EBRT. Measurable, induced increases in TAA-specific T cell 
frequencies in peripheral blood using ELISPOT were observed in some patients. The pattern 
of distribution of CD8+ cells in tissue was consistent with PCa TAA-targeting, rather than 
non-specific organ infiltration (Finkelstein et al., 2011 ).  
There are no other published studies in PCa patients of EBRT in combination with 
cytokines, antibodies, immune modulators or immunologically relevant gene therapy. 
However, there are a few prostate cancer clinical trials combining RT and immunotherapy 
currently recruiting according to the ClinicalTrials.gov website, such as anti-CTLA-4 
(Ipilimumab) antibody therapy in castration-resistant prostate cancer following RT (Phase 
III trial, Bristol-Myers Squibb; NCT00861614) and treatment with anti-OX40 and 
cyclophosphamide in combination with RT in metastatic prostate cancer (Providence Health 
& Services, Oregon USA, Phase I/II trial; NCT01303705).  

5.3 Designs of combination clinical trials 
Clinical trial design, investigating the benefit of immunotherapy in addition to EBRT is 
challenging in PCa, as long-term tumour control outcome is already good in both localised 
(assuming dose escalated image-guided IMRT) and locally advanced disease (assuming 
combination of long term ADT and EBRT). Phase III trials, adequately powered to show a 
clinically relevant improvement, would need to address biochemical relapse-free survival or 
overall survival, both of which require prolonged follow-up of many hundreds and perhaps 
thousands of patients. Before such trials were undertaken, it is important to optimise the 
immunotherapy-RT schedules. Reliable biomarkers of treatment-efficacy are needed and 
this is difficult, especially if neoadjuvant or adjuvant ADT is used, as changes in PSA-
kinetics become redundant in these patients. Therefore, development of reliable 
immunological biomarkers is crucial. We believe that the presence of systemic TAA-specific 
T cell responses is likely to be the most reliable and easily detectable indicator of a 
sustainable immunological effect. It may also assist patient selection for optimised treatment 
of those patients who are most likely to benefit from combination therapies. 
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The successful result of the IMPACT trial showing the survival advantage with Sipuleucel-T 
is expected to lead to a dramatic increase in the use of systemic immunotherapy for prostate 
cancer (Sonpavde et al., 2011). Presently there are only production facilities within the USA 
and the cost is likely to remain prohibitive for many healthcare systems. Radiation has great 
potential to augment the effect of systemic immunotherapy and we can expect many 
combination trials in the future. Clinical trial design in this setting will remain challenging 
as immunotherapy appears to improve overall survival but demonstrable tumour or 
biochemical responses are often delayed. Augmenting immunotherapy with radiation may 
improve overall advantage further.  

6. Conclusions 
PCa has become a huge burden on the health and wealth of Western societies. It is now the 
commonest solid malignancy and in spite of an excellent general outcome it is expected to 
become the main cause of cancer-related death in men. There is therefore an urgent need for 
improved therapies. Sipuleucel-T for PCa was the first immunotherapy to show a survival 
advantage in cancer, and it has been quickly followed by ipilimumab in melanoma. 
Radiotherapy has many applications for PCa and it is clear that there are many interactions 
between immunotherapy and radiation. In general these are positive such that 
immunotherapy may improve outcomes for those being irradiated and vice versa. The 
challenge is to move the science into the clinical setting, optimising combinations and 
sequences, identification of appropriate biomarkers and designing appropriate trials.   
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1. Introduction 
Prostate cancer is the most common malignancy in men in the Netherlands. The majority of 
patients with advanced prostate cancer develop skeletal metastases, with bone pain as a 
frequent symptom. This poses a significant medical problem. Amongst other treatments, 
bone seeking radiopharmaceuticals are used to palliate painful metastatic bone disease. 
Efficacy has been sufficiently proven, as well as safety and feasibility. Practical issues as well 
as new developments and future prospects will be discussed. 
This chapter will discuss the treatment of metastatic bone pain in hormone-refractory 
prostate cancer patients with bone seeking radiopharmaceuticals. Two main issues will be 
discussed: 
1. Bone seeking radiopharmaceuticals in clinical practice. Issues regarding radiation safety 

and a protocol for routine use of bone seeking radiopharmaceuticals will be discussed 
in order to improve routine clinical care. 

2. Enhancement of efficacy of bone seeking radiopharmaceuticals. 
But first a short introduction will be given on clinical relevance and bone seeking 
radiopharmaceuticals in general. 

2. Prostate cancer and skeletal metastases 
The incidence of malignancy in the Netherlands was 74.500 patients in 2005. This will 
increase to approximately 95.000 new cases in 2015. Because malignancy related death is 
decreasing and it is likely to decrease further the prevalence of cancer patients will increase 
to an estimated 692.000 patients in 2015, compared to 366.000 in 2000 (an estimated doubling 
time of 15 years) (Coebergh, van de Poll-Franse, and Alers 2004; Visser and van Noord 
2005). One of the major causes of cancer related death in men is prostate cancer. These 
patients will be the focus of this chapter. 
The incidence of prostate cancer is high worldwide. It is the most common malignancy in 
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1. Introduction 
Prostate cancer is the most common malignancy in men in the Netherlands. The majority of 
patients with advanced prostate cancer develop skeletal metastases, with bone pain as a 
frequent symptom. This poses a significant medical problem. Amongst other treatments, 
bone seeking radiopharmaceuticals are used to palliate painful metastatic bone disease. 
Efficacy has been sufficiently proven, as well as safety and feasibility. Practical issues as well 
as new developments and future prospects will be discussed. 
This chapter will discuss the treatment of metastatic bone pain in hormone-refractory 
prostate cancer patients with bone seeking radiopharmaceuticals. Two main issues will be 
discussed: 
1. Bone seeking radiopharmaceuticals in clinical practice. Issues regarding radiation safety 

and a protocol for routine use of bone seeking radiopharmaceuticals will be discussed 
in order to improve routine clinical care. 

2. Enhancement of efficacy of bone seeking radiopharmaceuticals. 
But first a short introduction will be given on clinical relevance and bone seeking 
radiopharmaceuticals in general. 

2. Prostate cancer and skeletal metastases 
The incidence of malignancy in the Netherlands was 74.500 patients in 2005. This will 
increase to approximately 95.000 new cases in 2015. Because malignancy related death is 
decreasing and it is likely to decrease further the prevalence of cancer patients will increase 
to an estimated 692.000 patients in 2015, compared to 366.000 in 2000 (an estimated doubling 
time of 15 years) (Coebergh, van de Poll-Franse, and Alers 2004; Visser and van Noord 
2005). One of the major causes of cancer related death in men is prostate cancer. These 
patients will be the focus of this chapter. 
The incidence of prostate cancer is high worldwide. It is the most common malignancy in 
men in the Netherlands. Approximately 9000 men are being diagnosed with prostate cancer 
each year (Figure 1). The rising incidence may be attributed to the incremental use of 
screening methods using prostate specific antigen (PSA) to detect prostate cancer. This 
hypothesis is supported by the growing number of patients being diagnosed with early 
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stages of prostate cancer. The incidence also increases with age. Consequently, with a 
growing number of old men in our society the incidence of prostate cancer will further 
increase. Fortunately mortality from prostate cancer is decreasing due to better diagnostic 
methods and treatments (Dijkman and Debruyne 1996). 
 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Years

In
ci

de
nc

e 
ab

so
lu

te

 
Fig. 1. Prostate cancer incidence between 1989 – 2005 derived from data on www.ikcnet.nl 

A hallmark of metastatic prostate cancer is the development of osteoblastic bone 
metastases. Almost all patients with advanced prostate cancer eventually develop osseous 
metastases. In a majority of patients with prostate cancer, bone is the only site of clinical 
metastases. Many of the established prognostic factors for advanced prostate cancer (eg, 
performance status, alkaline phosphatase level, and haemoglobin level) reflect the clinical 
consequences of bone metastases. Hence, patients who develop widespread, progressive, 
or early bone metastases tend to suffer more from their symptoms and fare worse. 
Conversely, patients who develop limited, stable, or delayed bone metastases tend to 
experience less morbidity and have a less dismal clinical outcome. Conceivably, targeting 
the relevant bone metastases–associated factors may improve therapeutic results (Tu and 
Lin 2008). These factors consist of the main cells involved in bone metastasis (cancer cells, 
osteoblasts, osteoclasts, endothelial cells and stromal cells) and the numerous 
communicating substances (eg, interleukins, VEGF, RANKL, TNF-alfa, endothelins). They 
form a complex interaction and a microenvironment in which cancer cells may flourish 
(Tu and Lin 2008). 
Frequently these skeletal metastases cause pain. Less common complications include 
myelum compression and pathological fractures (Dijkman and Debruyne 1996). Besides 
hormonal treatment most other treatment modalities in advanced prostate cancer patients 
are intended to palliate bone pain. Metastatic bone pain is a nociceptive somatic pain, 
initiated and maintained through local tissue injury. It is well recognized that chronic 
pain (including cancer pain) is a multidimensional phenomenon consisting of five 
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dimensions (pathophysiological, sensory, emotional, cognitive, and behavioural). These 
five dimensions together form a complex pattern of relations (Quirijnen et al. 1996).  Stress 
is a well known stimulus for nociceptive pain. The impression that pain may be 
uncontrollable produces stress for patients, which may lead to increased suffering and 
despair, and decreases the patient's performance (Chapman and Gavrin 1999). An 
effective pain management strategy requires breaking off this cycle using all available 
means. An effective pain control strategy, however, requires patients to take large 
quantities of opioids, often as much as 60 – 200 mg/day. This large dose may cause 
considerable side effects, including nausea, vomiting, constipation, and central sedation, 
all of which combine to a decrease in quality of life. Patients will have to take large doses 
of anti-emetics and laxatives to counteract nausea and constipation, respectively. Central 
sedation increases drowsiness, resulting in frequent falls, bone fractures, and driving 
accidents (Etches 1999). Supplemental therapy with local radiation, wide-field radiation, 
bisphosphonates, or bone seeking radiopharmaceuticals can significantly reduce the dose 
of opioids for most patients or may even completely eliminate the need for the 
medications in a few patients (Krishnamurthy and Krishnamurthy 2000). 
Metastatic disease in prostate cancer may be treated first with hormonal therapy such as 
bilateral orchidectomy or medical first line hormone treatment (luteinizing hormone-releasing 
hormone agonist therapy). This androgen-deprivation therapy may be extended to maximal 
androgen blockade by adding anti-androgens (bicalutamide, flutamide, nilutamide). High risk 
prostate cancer patients may benefit from such a regimen even in the early stages of the 
disease (Klotz 2008). It is also recognized that discontinuation of an anti-androgen once 
hormone-refractory biochemical progression occurs is associated with a biochemical response 
in many patients. Anti-androgens may become agonistic due to a combination of androgen 
receptor over-expression and mutation (Kelly and Scher 1993; Small and Srinivas 1995). After a 
median of two years the prostate cancer cells generally become insensitive for hormonal 
treatment. In the case of hormone-refractory disease the patient may be treated by 
chemotherapy, local radiotherapy, systemic radiopharmaceuticals, bisphosphonates and 
analgesics, depending on the clinical status (Auclerc et al. 2000). 
The clinical benefit of chemotherapy in hormone-refractory prostate cancer patients is limited. 
Some drugs showed potential as first-line treatment in hormone-refractory prostate 
carcinoma but were not sufficiently tested in clinical trials (Berthold, Sternberg, and 
Tannock 2005). Patients however may benefit from docetaxel chemotherapy in combination 
with prednisone. In a landmark study treatment with 75 mg/m2 docetaxel i.v. every three 
weeks with 5 mg prednisone twice daily p.o. was compared with mitoxantrone 12 mg/m2 

every three weeks (Tannock et al. 2004). The median survival increased from 16.3 months in 
the mitoxantrone-group to 19.2 months in the docetaxel-group (Berthold et al. 2008). The 
group receiving docetaxel three weekly had a hazard ratio for death of 0.79 (95 percent 
confidence interval, 0.67 to 0.93; p=0.004) compared to the mitoxantrone-group (Berthold et 
al. 2008). Pain and quality of life improved significantly better in the docetaxel group and 
more patients (45% versus 32%; p<0.001) showed a 50% reduction of serum PSA levels 
(Tannock et al. 2004). However, docetaxel nor any other treatment will be curative in an 
advanced stage of prostate cancer. 
Patients with hormone-refractory prostate cancer who have progressive disease after first-
line chemotherapy may still benefit from several treatment options. At this stage of disease, 
patients can expect only a short duration of survival, and most patients become 
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stages of prostate cancer. The incidence also increases with age. Consequently, with a 
growing number of old men in our society the incidence of prostate cancer will further 
increase. Fortunately mortality from prostate cancer is decreasing due to better diagnostic 
methods and treatments (Dijkman and Debruyne 1996). 
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Fig. 1. Prostate cancer incidence between 1989 – 2005 derived from data on www.ikcnet.nl 
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consequences of bone metastases. Hence, patients who develop widespread, progressive, 
or early bone metastases tend to suffer more from their symptoms and fare worse. 
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Lin 2008). These factors consist of the main cells involved in bone metastasis (cancer cells, 
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form a complex interaction and a microenvironment in which cancer cells may flourish 
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quantities of opioids, often as much as 60 – 200 mg/day. This large dose may cause 
considerable side effects, including nausea, vomiting, constipation, and central sedation, 
all of which combine to a decrease in quality of life. Patients will have to take large doses 
of anti-emetics and laxatives to counteract nausea and constipation, respectively. Central 
sedation increases drowsiness, resulting in frequent falls, bone fractures, and driving 
accidents (Etches 1999). Supplemental therapy with local radiation, wide-field radiation, 
bisphosphonates, or bone seeking radiopharmaceuticals can significantly reduce the dose 
of opioids for most patients or may even completely eliminate the need for the 
medications in a few patients (Krishnamurthy and Krishnamurthy 2000). 
Metastatic disease in prostate cancer may be treated first with hormonal therapy such as 
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hormone agonist therapy). This androgen-deprivation therapy may be extended to maximal 
androgen blockade by adding anti-androgens (bicalutamide, flutamide, nilutamide). High risk 
prostate cancer patients may benefit from such a regimen even in the early stages of the 
disease (Klotz 2008). It is also recognized that discontinuation of an anti-androgen once 
hormone-refractory biochemical progression occurs is associated with a biochemical response 
in many patients. Anti-androgens may become agonistic due to a combination of androgen 
receptor over-expression and mutation (Kelly and Scher 1993; Small and Srinivas 1995). After a 
median of two years the prostate cancer cells generally become insensitive for hormonal 
treatment. In the case of hormone-refractory disease the patient may be treated by 
chemotherapy, local radiotherapy, systemic radiopharmaceuticals, bisphosphonates and 
analgesics, depending on the clinical status (Auclerc et al. 2000). 
The clinical benefit of chemotherapy in hormone-refractory prostate cancer patients is limited. 
Some drugs showed potential as first-line treatment in hormone-refractory prostate 
carcinoma but were not sufficiently tested in clinical trials (Berthold, Sternberg, and 
Tannock 2005). Patients however may benefit from docetaxel chemotherapy in combination 
with prednisone. In a landmark study treatment with 75 mg/m2 docetaxel i.v. every three 
weeks with 5 mg prednisone twice daily p.o. was compared with mitoxantrone 12 mg/m2 

every three weeks (Tannock et al. 2004). The median survival increased from 16.3 months in 
the mitoxantrone-group to 19.2 months in the docetaxel-group (Berthold et al. 2008). The 
group receiving docetaxel three weekly had a hazard ratio for death of 0.79 (95 percent 
confidence interval, 0.67 to 0.93; p=0.004) compared to the mitoxantrone-group (Berthold et 
al. 2008). Pain and quality of life improved significantly better in the docetaxel group and 
more patients (45% versus 32%; p<0.001) showed a 50% reduction of serum PSA levels 
(Tannock et al. 2004). However, docetaxel nor any other treatment will be curative in an 
advanced stage of prostate cancer. 
Patients with hormone-refractory prostate cancer who have progressive disease after first-
line chemotherapy may still benefit from several treatment options. At this stage of disease, 
patients can expect only a short duration of survival, and most patients become 
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symptomatic. Most patients will cease docetaxel treatment because of progressive disease or 
unacceptable adverse events. To control symptoms after the cessation of chemotherapy 
should rely on optimizing medical therapy for palliation. This may be combined with 
radiotherapy applied to dominant painful bone lesions. External beam radiotherapy for 
painful skeletal metastases leads to a decrease of pain in 60 – 65% of the patients. In 33% of 
the patients a total remission of pain symptoms was observed (McQuay et al. 2008). Patients 
may be treated in one fraction (8 Gray). No difference has been found between such a single-
dose regimen and multiple fractions (Hartsell et al. 2005; Kaasa et al. 2006; Roos et al. 2005). 
Furthermore, when needed, patients may be treated a second time with a reported response 
rate between 66% and 84% (Mithal, Needham, and Hoskin 1994; Van der Linden et al. 2004). 
Besides chemotherapy further hormonal manipulation with prednisone or dexamethasone 
may have some benefit as well. Glucocorticoids may lead to PSA response and/or relief of 
symptoms in patients with late-stage prostate cancer (Tannock et al. 1989). Some investigators 
have suggested that the superior results of regimens with taxanes may be due in part to the 
dexamethasone that is administered to avoid toxic reactions to these drugs. However, most 
patients have already received substantial treatment with glucocorticoids concurrent with 
first-line chemotherapy, so their potential benefit in later stages is probably minimal. 
Other treatment options in the advanced stage of prostatic cancer include ketoconazole and 
estrogens. Inhibition of steroid synthesis by ketoconazole may increase the probability of an 
anti-androgen withdrawal response, although this did not translate into improved survival 
(Small et al. 2004). Estrogens may improve symptoms but caution must be used because of 
their ability to stimulate thrombosis and cardiovascular events. Estrogens were found to be 
equivalent to estramustine (which contains estrogen), probably as its activity is largely due to 
the estrogen component (Small et al. 2000). Transdermal administration of oestrogens through 
a patch avoids the entero-hepatic circulation and therefore it should not be associated with the 
same level of cardiovascular toxicity. Early data confirm the safety and efficacy of oestrogen 
patches as hormonal treatment in prostate cancer patients (Langley et al. 2008). 
Currently new non chemotherapeutic options are studied such as endotheline antagonists 
(James et al. 2008) and abiraterone acetate, a potent, selective, small-molecule inhibitor of 
cytochrome P (CYP) 17, a key enzyme in androgen synthesis (Attard et al. 2008). Many other 
agents are being developed (Tu and Lin 2008). 

3. Bone seeking radiopharmaceuticals 
Bone seeking radiopharmaceuticals have proven to be useful for treatment of more 
generalized bone pain. All patients will finally progress to end stage disease with multiple 
skeletal metastases. These patients may receive bone seeking radiopharmaceuticals for 
generalized painful disease (Berthold, Sternberg, and Tannock 2005). The association of 
integrated cancer centres in the Netherlands (VIKC) developed an evidence based guideline 
on the diagnosis and treatment of pain in cancer patients. Radionuclide treatment of cancer 
patients with metastatic bone pain (so called bone seeking radiopharmaceuticals) was 
evaluated using all available literature (VIKC 2008). The conclusions are stated together 
with their level of evidence in Table 1. 
Most of the patients who have participated in the mentioned trials were heavily pre-treated 
patients with previous radiotherapy, chemotherapy and/or hormone therapy. It was 
recommended that radionuclide treatment with bone seeking radiopharmaceuticals is 
indicated in patients with multifocal pain originating from osteoblastic skeletal metastases. 
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Repeated treatments are indicated after an initial response to treatment. The committee had 
the opinion that combined multimodality treatment should be performed in a trial setting. 
Further research in that field is warranted (VIKC 2008). 
Radionuclide therapy with bone seeking radiopharmaceutical agents has been long used. It 
evolved from agents like 32P-phosphate to newer agents like 188Re-HEDP or 223Ra (Table 2). 
Bone seeking radiopharmaceuticals consist of a radionuclide for the therapeutic effect and a 
carrier to reach the target site at the bone matrix level. Sometimes the carrier and the 
radionuclide are one and the same. This is the case for 32P-phosphate, 223Ra and 89Sr. These 
radiopharmaceuticals behave as physiologic phosphate (32P-phosphate) or Ca2+-analogues 
(223Ra and 89Sr). They do not need a non-radioactive substance as a carrier to reach the 
target. Carriers like hydroxyethylenediphosphonic acid (HEDP in 186Re-HEDP) and 
ethylenediaminetetramethylenephosphonic acid (EDTMP in 153Sm-EDTMP) are being used 
in other bone seeking radiopharmaceuticals. They behave as bisphosphonates. These 
differences influence the biodistribution and pharmacokinetics of the pharmaceutical. Other 
differences between these agents include the radiation type, the radiation energy and the 
radionuclide half-life.  
One thing that never changed during the last decades and stimulated the search for new 
agents was the conflict between efficacy and toxicity. The latter consisting of bone marrow 
suppression in particular. This has even led to a change of indication for the use of 32P-
phosphate. It is not used anymore for the palliation of metastatic bone pain but instead for 
the treatment of myeloproliferative diseases, making use of its bone marrow suppressive 
potential (Berlin 2000; Cheung and Driedger 1980). Fortunately newer agents have proved to 
be feasible and relatively safe for the palliative treatment of osseous metastases with 
acceptable and reversible bone marrow toxicity. 
 

Conclusion Evidence a Study type b 

It has been proven that treatment with 
bone seeking radiopharmaceuticals 
yields a better pain response than 
treatment with placebo in patients with 
painful osseous metastases from diverse 
cancers including prostate, breast and 
lung cancer. 

Level 1 

A1 (Bauman et al. 2005; Finlay, 
Mason, and Shelley 2005; 
McQuay et al. 2008; Roque i 
Figuls et al. 2008) 
A2 (Han et al. 2002; Lewington et 
al. 1991; Maxon, III et al. 1991; 
Sartor et al. 2004; Serafini et al. 
1998) 

   
It has been proven that no difference 
exists with regard to local pain response 
between treatment with 89Sr-Chloride or 
external beam radiotherapy in patients 
with painful osseous metastases from a 
prostate carcinoma. 

Level 1 A2 (Oosterhof et al. 2003; Quilty 
et al. 1994) 

   
It is likely that no difference exists with 
regard to pain response between 
treatment with 89Sr-Chloride and 186Re-
HEDP in patients with painful osseous 
metastases. 

Level 2 A2 (Sciuto et al. 2001) 
B (Piffanelli et al. 2001) 
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Sartor et al. 2004; Serafini et al. 
1998) 

   
It has been proven that no difference 
exists with regard to local pain response 
between treatment with 89Sr-Chloride or 
external beam radiotherapy in patients 
with painful osseous metastases from a 
prostate carcinoma. 

Level 1 A2 (Oosterhof et al. 2003; Quilty 
et al. 1994) 

   
It is likely that no difference exists with 
regard to pain response between 
treatment with 89Sr-Chloride and 186Re-
HEDP in patients with painful osseous 
metastases. 

Level 2 A2 (Sciuto et al. 2001) 
B (Piffanelli et al. 2001) 
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Conclusion Evidence a Study type b 
   
It is likely that the onset of the pain 
response of 186Re-HEDP is faster than 
the onset of the pain response of 89Sr-
Chloride in patients with painful 
osseous metastases from a breast 
carcinoma. 

Level 2 A2 (Sciuto et al. 2001) 

   
It is likely that combined treatment with 
89Sr-Chloride and chemotherapy 
(platinum based) yields a better pain 
response than treatment without 
chemotherapy in patients with painful 
osseous metastases from a prostate 
carcinoma. 

Level 2 A2 (Sciuto et al. 2002) 
C (Sciuto et al. 1996) 

   
It has been suggested that adding 89Sr-
Chloride to chemotherapy may lead to 
improved survival and a longer 
duration of the pain response 
compared to treatment with 
chemotherapy alone. 

Level 3 B (Tu et al. 2001) 

   
It has been suggested that no difference 
exists with regard to the pain response 
after treatment with chemotherapy or 
89Sr-Chloride in patients with painful 
osseous metastases from a prostate 
carcinoma. 

Level 3 B (Nilsson et al. 2005) 

   
No conclusions can be drawn on the 
value of adding 89Sr-Chloride to 
external beam radiotherapy in patients 
with painful osseous metastases from a 
prostate carcinoma because of 
conflicting results. 

 A2 (Porter et al. 1993; Smeland 
et al. 2003) 

a Level of evidence: 1) A1 or at least two independent and consistent A2 studies; 2) One A2 study or at 
least two independent and consistent B studies; 3) One B or C study; 4) Professional opinion. 
b Quality and methodology of studies: A1) Systemic review of at least two independent A2 trials; A2) 
Double-blind randomized trial of sufficient size and quality (comparison with a reference test (‘gold 
standard’), defined endpoints, independent evaluation of both tests, no confounding); B) Comparative 
trial not meeting A2 criteria;  
c Non-comparative trial; D) Professional opinion. 
 

Table 1. Evidence based conclusions on treatment with bone seeking radiopharmaceuticals 
(VIKC 2008). 

 
Bone Seeking Radiopharmaceuticals for Metastatic Bone Pain 

 

221 

Radiopharmaceutical Half-life (days) β-emission MeV 
max (mean) 

γ-emission 
keV (%) 

188Re-HEDP 0.7 2.12 (0.76) 155 (15%) 
153Sm-EDTMP 1.93 0.81 (0.23) 103 (29%) 
186Re-HEDP 3.7 1.07 (0.35) 137 (9%) 
177Lu-EDTMP 6.7 0.497 (0.15) 208 (11%) 
223Ra 11.4 Emits alfa-particles of circa 5.7 MeV 
117mSn-DTPA 13.6 Emits conversion electrons 127 – 152 keV 
32P-Phosphate 14.3 1.71 (0.70) None 
89Sr 50.5 1.46 (0.58) 910 (0.01%) 

Table 2. Bone seeking radiopharmaceuticals categorized by half-life. 

All patients with proven osteoblastic (or mixed type) skeletal metastases that accumulate 
99mTc-HDP on skeletal scintigraphy may be candidates for treatment with bone seeking 
radiopharmaceuticals. They may be cancer patients with advanced disease originating from 
prostate cancer, breast cancer, lung cancer, medullary thyroid carcinoma, or other tumors 
(i.e. bronchial carcinoid tumors, medulloblastoma). In routine clinical practice the vast 
majority of patients are prostate cancer patients. In these patients the incidence of skeletal 
metastases is very high. They cause high morbidity and mortality (DePuy et al. 2007; Saarto 
et al. 2002). Metastases originating from prostate cancer are pure osteoblastic with relatively 
high radionuclide uptake, resulting in high tumor to non-tumor ratio’s. And last but not 
least other treatment options are limited in advanced stages of this disease. 
In the growing field of radionuclide therapy many new radiopharmaceuticals are being 
developed. At the moment 89SrCl2 (Metastron®) and 153Sm-EDTMP (Quadramet®) are both 
FDA approved. Together with 186Re-HEDP (registered in some countries, not in the 
Netherlands) these bone seeking radiopharmaceuticals are mostly used today. 

4. Bone seeking radiopharmaceuticals in clinical practice 
4.1 Radiation safety considerations 
Patients treated with any kind of radionuclide treatment must be regarded as a potential 
risk for public health because of a potential radiation hazard. Good understanding of the 
radionuclide used, its physical characteristics, its biodistribution and its pharmacokinetics, 
will allow us to draw proper guidelines for this kind of treatment. Does the patient need to 
be confined after treatment? Are we able to identify the radiation hazard from a qualitative 
and quantitative perspective? What does that mean for an individual patient in relation to 
its environment? 
Patients treated with 89SrCl2, 186Re-HEDP or 153Sm-EDTMP are a source of radiation, 
including beta-radiation that has proven to be measurable outside the patient. Beta-
particles in superficial tissue (such as in bones, blood vessels) cross the skin and 
contribute to the ambient equivalent dose. This aspect must be considered when using 
beta-emitting radiopharmaceuticals in general. The calculated effective doses for 
bystanders are well below the recommended values and do not lead to unacceptable 
additional radiation burden to health care workers and patients’ families. The mean total 
effective doses absorbed by bystanders at 30 cm distance from a patient are approximately 
0.02 mSv for 89SrCl2, 0.3 mSv for 186Re-HEDP, and 1.6 mSv for 153Sm-EDTMP (Lam et 
al. 2009b). These observations however should be placed in some perspective. First the 
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All patients with proven osteoblastic (or mixed type) skeletal metastases that accumulate 
99mTc-HDP on skeletal scintigraphy may be candidates for treatment with bone seeking 
radiopharmaceuticals. They may be cancer patients with advanced disease originating from 
prostate cancer, breast cancer, lung cancer, medullary thyroid carcinoma, or other tumors 
(i.e. bronchial carcinoid tumors, medulloblastoma). In routine clinical practice the vast 
majority of patients are prostate cancer patients. In these patients the incidence of skeletal 
metastases is very high. They cause high morbidity and mortality (DePuy et al. 2007; Saarto 
et al. 2002). Metastases originating from prostate cancer are pure osteoblastic with relatively 
high radionuclide uptake, resulting in high tumor to non-tumor ratio’s. And last but not 
least other treatment options are limited in advanced stages of this disease. 
In the growing field of radionuclide therapy many new radiopharmaceuticals are being 
developed. At the moment 89SrCl2 (Metastron®) and 153Sm-EDTMP (Quadramet®) are both 
FDA approved. Together with 186Re-HEDP (registered in some countries, not in the 
Netherlands) these bone seeking radiopharmaceuticals are mostly used today. 

4. Bone seeking radiopharmaceuticals in clinical practice 
4.1 Radiation safety considerations 
Patients treated with any kind of radionuclide treatment must be regarded as a potential 
risk for public health because of a potential radiation hazard. Good understanding of the 
radionuclide used, its physical characteristics, its biodistribution and its pharmacokinetics, 
will allow us to draw proper guidelines for this kind of treatment. Does the patient need to 
be confined after treatment? Are we able to identify the radiation hazard from a qualitative 
and quantitative perspective? What does that mean for an individual patient in relation to 
its environment? 
Patients treated with 89SrCl2, 186Re-HEDP or 153Sm-EDTMP are a source of radiation, 
including beta-radiation that has proven to be measurable outside the patient. Beta-
particles in superficial tissue (such as in bones, blood vessels) cross the skin and 
contribute to the ambient equivalent dose. This aspect must be considered when using 
beta-emitting radiopharmaceuticals in general. The calculated effective doses for 
bystanders are well below the recommended values and do not lead to unacceptable 
additional radiation burden to health care workers and patients’ families. The mean total 
effective doses absorbed by bystanders at 30 cm distance from a patient are approximately 
0.02 mSv for 89SrCl2, 0.3 mSv for 186Re-HEDP, and 1.6 mSv for 153Sm-EDTMP (Lam et 
al. 2009b). These observations however should be placed in some perspective. First the 
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individual variation in effective dose to bystanders and second the potential risk of 
internal contamination of bystanders. 
The total effective dose, as given above, is estimated for bystanders who reside at exactly 30 
cm from the patient for an indefinite time. Because this is never the case, these estimations 
must be corrected for variations in time and distance between bystanders and patients. In a 
Dutch Ministry of Housing, Spatial Planning and Environment publication accurate 
calculations were made to cover the various persons who may have contact with patients 
(VRO92; VROM 2005). These calculations are based on residence times T (in fractions of 
days) with the patient and distances R (in meters) from the patient. The actual effective 
doses for bystanders will depend on residence times and distances in relation to the patient. 
Estimations were made for residence times and distances during a 24-hour period. This was 
done in the case of an elderly patient in relation to his or her partner and in the case of a 
patient in relation to his or her child (Tables 3 and 4). 
 

 Without instruction With instruction 
 Residence 

time 
(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

Residence 
time 

(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

outdoors 
activities 3/24 - 0 3/24 - 0 

watching 
TV 5/24 0.5 0.075 5/24 2 0.0047 

dinner 2/24 1 0.0075 2/24 1 0.0075 
sleeping 8/24 0.7 0.061 8/24 2 0.0075 
other 6/24 3 0.0025 6/24 3 0.0025 
total   0.15   0.02 
 Mean effective dose (mSv) Mean effective dose (mSv) 
153Sm-
EDTMP 0.24 0.03 
186Re-
HEDP 0.05 < 0.01 
89Sr-
Chloride < 0.01 < 0.01 

a Correction factor applicable for measurements at 30 cm from the patient using the inverse-square law 

Table 3. Effective dose (external radiation) of an elderly partner with and without 
instructions. 

Assuming that the estimated distances and times are a reflection of reality, corrections were 
made for these circumstances. Estimations of the effective doses for these persons (partner 
and child) are given for the three most used radiopharmaceuticals. In the case of a patient 
and his or her partner, without instructions a correction factor of 0.15 (15%) was applied. 
This is explained by the fact that bystanders do not stay within 30 cm of patients 24 hours a 
day. Because of work and other activities a correction factor should be applied. As an 
example a correction factor of 0.15 may be applied. The effective dose may be further 
reduced by instructing the patients and their families to keep distance as much as 
reasonably possible (e.g. watching TV and sleeping apart). With proper instructions to 
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family, residence times may be reduced and distances increased, lowering the correction 
factor to as low as 0.02 (2%), an almost eight-fold decrease in radiation burden to bystanders 
(Table 3). In the case of a patient and his or her child an estimated correction factor of about 
0.43 (43%) should be applied without instructions and 0.11 (11%) with instructions. In all 
instances effective doses will be < 1 mSv and with proper instructions they will be < 0.1 mSv 
or even < 0.01 mSv (Tables 3 and 4). It may be concluded that patients treated with bone 
seeking radiopharmaceuticals do not pose any threat to others. 
 

 Without instruction With instruction 
 Residence 

time 
(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

Residence 
time 

(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

playing 8/24 4 0.0019 8/24 4 0.0019 
close 
contact 1/24 0.1 0.375 0.25/24 0.1 0.094 

dinner 2/24 0.5 0.03 2/24 2 0.0019 
sleeping 10/24 - - 10/24 - - 
other 3/24 2 0.0094 3/24 2 0.0094 
total   0.43   0.11 
 Effective dose (mSv) Effective dose (mSv) 
153Sm-
EDTMP 0.69 0.18 
186Re-
HEDP 0.13 0.03 
89Sr-
Chloride < 0.01 < 0.01 

a Correction factor applicable for measurements at 30 cm from the patient using the inverse-
square law 
Table 4. Effective dose (external radiation) of a young child with and without instructions. 

However, an exception has to be made considering urinary excretion of activity and the 
possible internal contamination of bystanders. Besides radiation exposure to non-patients 
from direct emission by the patient, another potential radiation hazard is formed by 
excreted radioactivity. The calculated mean total urinary excretion percentage of 89Sr during 
the first 3 days after administration was 16% (Lam et al. 2009b). Using a hypothetical 
contamination scenario, that is used in radiation protection evaluation (VROM 2005), that 
0.01% of the excreted amount of radioactivity will cause internal contamination to non-
patients closely related to the patient, an internal dosage of 0.0024 MBq for 89SrCl2 therapy 
(administered dose of 150 MBq) was calculated. For 186Re-HEDP therapy (administered dose 
of 1295 MBq), the corresponding amount of radioactivity will be 0.064 MBq (49% of the 
injected dose is excreted (de Klerk et al. 1992)). After treatment with 37 MBq/kg 153Sm-
EDTMP 53.1% ± 15.1% of the administered dose was excreted in urine during the first 48 
hours (Lam et al. 2007). Potential contamination with 0.01% of the excreted radioactivity will 
lead to an internal dosage of 0.15 MBq 153Sm-EDTMP. The dose conversion coefficient for 
ingestion of 89Sr is (eing) = 2.6 x 10-9 Sv/Bq, of 186Re (eing) = 1.5 10-9 Sv/Bq, and of 153Sm (eing) 
= 7.4 10-10 Sv/Bq. The present data show that the effective radiation absorbed dose, caused 
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individual variation in effective dose to bystanders and second the potential risk of 
internal contamination of bystanders. 
The total effective dose, as given above, is estimated for bystanders who reside at exactly 30 
cm from the patient for an indefinite time. Because this is never the case, these estimations 
must be corrected for variations in time and distance between bystanders and patients. In a 
Dutch Ministry of Housing, Spatial Planning and Environment publication accurate 
calculations were made to cover the various persons who may have contact with patients 
(VRO92; VROM 2005). These calculations are based on residence times T (in fractions of 
days) with the patient and distances R (in meters) from the patient. The actual effective 
doses for bystanders will depend on residence times and distances in relation to the patient. 
Estimations were made for residence times and distances during a 24-hour period. This was 
done in the case of an elderly patient in relation to his or her partner and in the case of a 
patient in relation to his or her child (Tables 3 and 4). 
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time 
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Table 3. Effective dose (external radiation) of an elderly partner with and without 
instructions. 

Assuming that the estimated distances and times are a reflection of reality, corrections were 
made for these circumstances. Estimations of the effective doses for these persons (partner 
and child) are given for the three most used radiopharmaceuticals. In the case of a patient 
and his or her partner, without instructions a correction factor of 0.15 (15%) was applied. 
This is explained by the fact that bystanders do not stay within 30 cm of patients 24 hours a 
day. Because of work and other activities a correction factor should be applied. As an 
example a correction factor of 0.15 may be applied. The effective dose may be further 
reduced by instructing the patients and their families to keep distance as much as 
reasonably possible (e.g. watching TV and sleeping apart). With proper instructions to 
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family, residence times may be reduced and distances increased, lowering the correction 
factor to as low as 0.02 (2%), an almost eight-fold decrease in radiation burden to bystanders 
(Table 3). In the case of a patient and his or her child an estimated correction factor of about 
0.43 (43%) should be applied without instructions and 0.11 (11%) with instructions. In all 
instances effective doses will be < 1 mSv and with proper instructions they will be < 0.1 mSv 
or even < 0.01 mSv (Tables 3 and 4). It may be concluded that patients treated with bone 
seeking radiopharmaceuticals do not pose any threat to others. 
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time 
(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

Residence 
time 

(hrs/24hrs) 

Distance 
(m) 

Correction 
factor a 

playing 8/24 4 0.0019 8/24 4 0.0019 
close 
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a Correction factor applicable for measurements at 30 cm from the patient using the inverse-
square law 
Table 4. Effective dose (external radiation) of a young child with and without instructions. 

However, an exception has to be made considering urinary excretion of activity and the 
possible internal contamination of bystanders. Besides radiation exposure to non-patients 
from direct emission by the patient, another potential radiation hazard is formed by 
excreted radioactivity. The calculated mean total urinary excretion percentage of 89Sr during 
the first 3 days after administration was 16% (Lam et al. 2009b). Using a hypothetical 
contamination scenario, that is used in radiation protection evaluation (VROM 2005), that 
0.01% of the excreted amount of radioactivity will cause internal contamination to non-
patients closely related to the patient, an internal dosage of 0.0024 MBq for 89SrCl2 therapy 
(administered dose of 150 MBq) was calculated. For 186Re-HEDP therapy (administered dose 
of 1295 MBq), the corresponding amount of radioactivity will be 0.064 MBq (49% of the 
injected dose is excreted (de Klerk et al. 1992)). After treatment with 37 MBq/kg 153Sm-
EDTMP 53.1% ± 15.1% of the administered dose was excreted in urine during the first 48 
hours (Lam et al. 2007). Potential contamination with 0.01% of the excreted radioactivity will 
lead to an internal dosage of 0.15 MBq 153Sm-EDTMP. The dose conversion coefficient for 
ingestion of 89Sr is (eing) = 2.6 x 10-9 Sv/Bq, of 186Re (eing) = 1.5 10-9 Sv/Bq, and of 153Sm (eing) 
= 7.4 10-10 Sv/Bq. The present data show that the effective radiation absorbed dose, caused 
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by a potential internal contamination (0.01% of the administered dose), is 6.2 microSv for 
89Sr, 96 microSv for 186Re and 111 microSv for 153Sm. These numbers are in the same order of 
magnitude as the numbers given for external exposure (Table 3 and 4). 
The total effective dose for non-patients may be caused by both external radiation exposure 
and internal contamination. In contrast to the mean effective dose caused by external 
radiation, the effective dose after ingestion of 0.01% of the administered dose is hypothetical 
and may be much higher or much lower. In the case of 131I it proved to be less. The uptake of 
131I in the thyroid of family members was measured (Buchan and Brindle 1970). A maximum 
uptake of 3.8 Bq per MBq administered was found. So on one hand it must be considered 
that 0.01% is a hypothetical figure, while the external radiation exposure is a fact. On the 
other hand, internal contamination poses a real threat to non-patients. Patients that were 
treated with bone-seeking radiopharmaceuticals are often severely disabled (in contrast to 
131I patients). Especially in the case of prostate cancer patients, they often have dysurea. 
Personal hygiene is not as obvious as it is to others. It is therefore advisable to give the 
patients simple, easy-to-follow instructions, in order to reduce the risk for non-patients. 
Using a separate toilet, sitting while urinating and washing hands afterwards, are highly 
recommended. In the case of incontinence, patients must be catheterized for a certain time 
depending on urinary excretion of the administered activity. Due to fast renal excretion this 
may be 12 hours after injection of 186Re-HEDP and 153Sm-EDTMP. 89SrCl2 is being 
administered in relatively low doses and therefore has a relatively low risk for high effective 
dose due to ingestion of this radiopharmaceutical (6.2 microSv for 89Sr). These patients do 
not have to be catheterized. The risk for significant internal contamination of non-patients is 
much lower and acceptable for this radiopharmaceutical. 
In general it is advised to hospitalize patients treated with 186Re-HEDP and 153Sm-EDTMP 
for at least 8 hours. This is mostly based on urinary excretion and the risk for internal 
contamination, because the radiation exposure to non-patients is < 20 microSv/hour (1 
meter from the patients) directly or within a few hours after administration in all cases. In 
the case of incontinence it is advised to treat patients with either 186Re-HEDP or 153Sm-
EDTMP with a urinary catheter for 12 hours after administration. Patients treated with 
89SrCl2 may return home directly. 
After discharge it is advisable to keep distance where possible (Table 3 and 4), following the 
ALARA (‘as low as reasonably achievable’) principles. This means, for example, that older 
patients (> 60 years) may still sleep close to their older partner, while being more stringent 
towards younger relatives to avoid any unnecessary radiation dose. The ICRP has proposed 
an effective dose limit of 1 mSv per year for individuals. In special circumstances a higher 
value may be allowed in a single year provided that the average over 5 years does not 
exceed 1 mSv per year. In clinical practice, the use of bone-seeking radiopharmaceuticals 
will give rise to a degree of radiation exposure to all those in contact with patients, albeit in 
very low doses. The present results further confirm the safety of treatment with bone-
seeking radiopharmaceuticals. 

4.2 Treatment recommendations 
89SrCl2 (Metastron®) and 153Sm-EDTMP (Quadramet®) are both FDA approved and registered 
in the Netherlands. Together with 186Re-HEDP (registered in some countries, not in the 
Netherlands) these bone seeking radiopharmaceuticals are mostly used. Most of the 
randomized double-blind placebo controlled trials have been performed using 89SrCl2 or 153Sm-
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EDTMP. An evidence based approach would be a choice between these radiopharmaceuticals. 
One of the differences between these two is the magnitude and rate of renal excretion. Both 
may be used without confining a patient to the hospital but from a radiation safety perspective 
it is advised to keep the patient in a controlled setting for at least 8 hours after injection in the 
case of 153Sm-EDTMP. This could influence the choice on practical grounds in favour of 89SrCl2. 
Not all nuclear medicine departments have such facilities. 
Other differences include the longer half-life and higher energy (with higher range in tissue) 
of 89SrCl2 compared to 153Sm-EDTMP. 153Sm-EDTMP and 186Re-HEDP are highly comparable 
with regard to energy and half-life. Most comparative randomized studies have been 
performed using 89SrCl2 and 186Re-HEDP. It was found that no difference exist with regard 
to pain response between treatment with 89Sr-Chloride and 186Re-HEDP in patients with 
painful osseous metastases (Piffanelli et al. 2001; Sciuto et al. 2001). And that the onset of the 
pain response of 186Re-HEDP is faster than the onset of the pain response of 89Sr-Chloride in 
patients with painful osseous metastases from a breast carcinoma (Sciuto et al. 2001). So one 
might argue that when a faster pain response is indicated one should use 186Re-HEDP or 

153Sm-EDTMP. Other differences are the longer duration of response of 89Sr-Chloride on one 
hand, and the prolonged bone marrow toxicity of 89Sr-Chloride on the other hand. These 
differences were not investigated in direct comparative studies but should be considered 
nevertheless. In summary: in favour of 89Sr-Chloride are: 
 No confinement necessary 
 Longer duration of response (suitable in relatively good clinical condition in which a 

prompt response is not warranted) 
In favour of 186Re-HEDP or 153Sm-EDTMP are: 
 Fast response (suitable in bad clinical condition in which immediate response is 

wanted) 
 Favourable toxicity profile (suitable in heavily pre-treated patients, in wide spread 

metastatic disease and possibly in combination with other myelotoxic treatments) 
In most cases today a fast response is needed. Besides that most patients, including prostate 
cancer patients, are heavily pre-treated. They have end stage disease with minimal bone 
marrow reserve. And last but not least short-living bone seeking radiopharmaceuticals like 
186Re-HEDP, 153Sm-EDTMP and others may prove to be more suitable in combination with 
other treatment modalities, not just because of their toxicity profile but also because of their 
high dose rate, offering an effective treatment with fast recovery. 

5. Enhancement of efficacy 
A major concern in the treatment of prostate cancer patients in the more advanced stage of 
the disease is the delicate balance between efficacy and toxicity. Treatment of metastatic 
bone pain with analgesics or localized external beam radiotherapy is relatively safe and 
easy. Treatment with bone seeking radiopharmaceuticals may be more appropriate in 
selected cases but efficacy is sometimes disappointing and bone marrow toxicity may be 
high in individual patients. Enhancement of overall efficacy without increasing toxicity 
could push the clinical decision algorithm in a positive direction with regard to the use of 
bone seeking radiopharmaceuticals. 
One way of improving overall efficacy is combined treatment. Combined treatment 
regimens may deliver the beneficial effect of two different treatment modalities. These 
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by a potential internal contamination (0.01% of the administered dose), is 6.2 microSv for 
89Sr, 96 microSv for 186Re and 111 microSv for 153Sm. These numbers are in the same order of 
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that 0.01% is a hypothetical figure, while the external radiation exposure is a fact. On the 
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Personal hygiene is not as obvious as it is to others. It is therefore advisable to give the 
patients simple, easy-to-follow instructions, in order to reduce the risk for non-patients. 
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very low doses. The present results further confirm the safety of treatment with bone-
seeking radiopharmaceuticals. 

4.2 Treatment recommendations 
89SrCl2 (Metastron®) and 153Sm-EDTMP (Quadramet®) are both FDA approved and registered 
in the Netherlands. Together with 186Re-HEDP (registered in some countries, not in the 
Netherlands) these bone seeking radiopharmaceuticals are mostly used. Most of the 
randomized double-blind placebo controlled trials have been performed using 89SrCl2 or 153Sm-
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EDTMP. An evidence based approach would be a choice between these radiopharmaceuticals. 
One of the differences between these two is the magnitude and rate of renal excretion. Both 
may be used without confining a patient to the hospital but from a radiation safety perspective 
it is advised to keep the patient in a controlled setting for at least 8 hours after injection in the 
case of 153Sm-EDTMP. This could influence the choice on practical grounds in favour of 89SrCl2. 
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with regard to energy and half-life. Most comparative randomized studies have been 
performed using 89SrCl2 and 186Re-HEDP. It was found that no difference exist with regard 
to pain response between treatment with 89Sr-Chloride and 186Re-HEDP in patients with 
painful osseous metastases (Piffanelli et al. 2001; Sciuto et al. 2001). And that the onset of the 
pain response of 186Re-HEDP is faster than the onset of the pain response of 89Sr-Chloride in 
patients with painful osseous metastases from a breast carcinoma (Sciuto et al. 2001). So one 
might argue that when a faster pain response is indicated one should use 186Re-HEDP or 

153Sm-EDTMP. Other differences are the longer duration of response of 89Sr-Chloride on one 
hand, and the prolonged bone marrow toxicity of 89Sr-Chloride on the other hand. These 
differences were not investigated in direct comparative studies but should be considered 
nevertheless. In summary: in favour of 89Sr-Chloride are: 
 No confinement necessary 
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prompt response is not warranted) 
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metastatic disease and possibly in combination with other myelotoxic treatments) 
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marrow reserve. And last but not least short-living bone seeking radiopharmaceuticals like 
186Re-HEDP, 153Sm-EDTMP and others may prove to be more suitable in combination with 
other treatment modalities, not just because of their toxicity profile but also because of their 
high dose rate, offering an effective treatment with fast recovery. 

5. Enhancement of efficacy 
A major concern in the treatment of prostate cancer patients in the more advanced stage of 
the disease is the delicate balance between efficacy and toxicity. Treatment of metastatic 
bone pain with analgesics or localized external beam radiotherapy is relatively safe and 
easy. Treatment with bone seeking radiopharmaceuticals may be more appropriate in 
selected cases but efficacy is sometimes disappointing and bone marrow toxicity may be 
high in individual patients. Enhancement of overall efficacy without increasing toxicity 
could push the clinical decision algorithm in a positive direction with regard to the use of 
bone seeking radiopharmaceuticals. 
One way of improving overall efficacy is combined treatment. Combined treatment 
regimens may deliver the beneficial effect of two different treatment modalities. These 
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combinations may not only be additive but possibly synergistic to each other, leading to 
enhancement of overall efficacy with acceptable toxicity. 

5.1 Multimodality treatment 
The propensity of prostate cancer to metastasize to bone and the prognostic significance of 
bone metastases suggest that effective treatment of bone metastases may provide clinical 
benefits (DePuy et al. 2007; Sabbatini et al. 1999). With regard to the ‘seed’ and ‘soil’ theory 
on bone metastases the seed may comprise the so-called cancer stem cells. Whereas the soil 
may comprise a unique microenvironment, that facilitate the growth and survival of cancer 
stem cells. Targeting the microenvironment may offer another way to improve treatment of 
prostate cancer bone metastases. The microenvironment consists of osteoclasts, osteoblasts, 
endothelium and stroma. In the presence of cancer stem cells they interact leading to a 
disruption in normal coupling between osteoclasts and osteoblasts. An improved 
understanding of this process will influence how we select agents to target bone metastases 
and how we design strategies to treat prostate cancer bone metastases. Treatments may be 
directed to the cancer stem cells, the osteoblasts, the osteoclasts, the endothelium or the 
stroma (Tu and Lin 2008). 
Osteoblasts may be targeted by several pharmaceuticals including bone seeking 
radiopharmaceuticals. Other osteoblast directed treatments include endothelin-1-
antagonists (atrasentan) (Carducci et al. 2003), vitamin D analogs (1,25-hydroxyvitamin D3) 
(Beer et al. 2007), monoclonal IGF-1R (insulin-like growth factor-1-receptor) antibodies 
(Boyle et al. 2001) and CXRC4 (G-protein-coupled receptor) inhibitors (MSX-122), which 
inhibit the homing behaviour of cancer stem cells. Osteoclast activity may be inhibited by 
bisphosphonates (zolendronate) (Saad et al. 2002), RANK ligand inhibitors (denosumab) 
(Lewiecki 2006), tyrosine kinase inhibitors (dasatinib) or IL-6 antagonists (CNTO328) (Nam 
et al. 2005). And the endothelium and/or stroma may be targeted by anti-angiogenesis 
therapies. These include the vascular endothelial growth factor (VEGF) receptor antagonists 
bevacizumab, thalidomide and lenalidomide (Dahut et al. 2004). They reduce VEGF levels 
and basic fibroblast growth factor, inhibit growth and survival of tumor cells by modulation 
of adhesion molecules and mediate various cytokines.  Also targeted to the endothelium are 
platelet-derived growth factor receptor (PDGFR) tyrosine kinase inhibitors (imatinib, 
sunitinib and tandutinib) (Ko et al. 2001). They may also have anti-angiogenetic potential. 
Most of these agents are under investigation. Many clinical studies in prostate cancer 
patients are ongoing (Tu and Lin 2008). 
Combining different treatment modalities may be interesting because of additive effects 
or synergy effects. In the case of bisphosphonates and bone seeking radiopharmaceuticals 
the combined use has always been contra-indicated because of presumed interaction at 
the bone matrix level. It was shown that the combined use of 153Sm-EDTMP and 
bisphosphonates in patients with hormone-refractory prostate carcinoma is feasible. The 
combined treatment regimen is safe and may prove to be an effective long-term treatment 
regimen (Lam et al. 2007). 
Another combined treatment regimen would be a combination of bone seeking 
radiopharmaceuticals and chemotherapy. It is likely that combined treatment with 89Sr-
Chloride and chemotherapy (platinum based) yields a better pain response than treatment 
without chemotherapy in patients with painful osseous metastases from a prostate 
carcinoma (Sciuto et al. 2002), (Sciuto et al. 1996). And it has been suggested that adding 
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89Sr-Chloride to chemotherapy may lead to improved survival and a longer duration of the 
pain response compared to treatment with chemotherapy alone (Tu et al. 2001). Studies are 
yet limited but they are encouraging. Most of them have been performed using 89Sr-
Chloride and some using 153Sm-EDTMP (Ricci et al. 2007). Patients may possibly have an 
improved pain response and longer survival. In prostate cancer patients a most interesting 
choice would be combining docetaxel and a bone seeking radiopharmaceutical. These 
studies, using 153Sm-EDTMP or 186Re-HEDP, are underway. Our group investigated the 
combination of 188Re-HEDP and capecitabine (Xeloda®) (Lam et al. 2009a). This treatment 
regimen proved to be feasible and safe. Phase II efficacy testing using the maximum 
tolerable dose of 2500 mg/m2/day capecitabine is underway. Capecitabine is primarily used 
as a radiation sensitizer. It offers a convenient therapy with acceptable toxicity, ease of use 
as oral tablets and low costs. The same is true for 188Re-HEDP. It is homemade on demand 
and has favourable physical characteristics with a short half-life (16.9 hours) and high beta-
energy (Eβ max 2.12 MeV; Eβ mean 0.76 MeV). In theory, this high dose rate could lead to 
improved efficacy with rapid recovery. This is ideal for combined treatment regimens and 
for repeated treatment, which has already shown to be favourable with regard to pain 
response and survival (Palmedo et al. 2003). 
Several other combinations using bone seeking radiopharmaceuticals are under 
investigation. Currently, a randomized phase III study (MDA-3410/CTSU in M.D. 
Anderson Cancer Center, Houston, Texas) combining weekly doxorubicin (20 mg/m2) with 
89Sr-Chloride after response to induction chemotherapy is underway, as well as another 
phase I trial combining docetaxel/prednisone and 153Sm-EDTMP, also at M.D. Anderson 
(Tu and Lin 2008). It remains to be established whether targeting both the tumor 
(chemotherapy) and bone compartments will improve therapeutic efficacy. This concept is 
also being tested in multiple other trials, mostly combining docetaxel/prednisone with bone 
environment directed treatments, like the agents described above (Tu and Lin 2008). The 
described studies add to this search for optimized treatment regimens in hormone-
refractory prostate cancer patients.  

5.2 Predictions of efficacy and toxicity 
Most patients with advanced prostate cancer have disease limited to the bone, which is 
notoriously difficult to assess for response, with a small subset having soft tissue lesions. To 
limit response evaluation to only patients with bidimensionally measurable disease would 
eliminate 70% to 80% of patients who would otherwise be evaluable (Figg et al. 1996). With 
regard to prostate cancer patients efficacy of treatment has been monitored by PSA in a 
majority of studies. However it is doubtful whether PSA changes correlate with clinical 
benefit (Bubley et al. 1999). A 50% decrease in PSA level seems a reasonable predictor of a 
favourable outcome, but this was certainly not the case in all studies (Bauer et al. 1999; 
Sridhara et al. 1995). It was advised not to use PSA level drops  as a surrogate marker for 
survival (Bubley et al. 1999).  
In patients with advanced disease, survival and quality of life, including pain palliation, are 
the most important criteria of clinical response. Besides survival these parameters are 
difficult to measure and subject to errors. With an attempt to standardize treatment 
response monitoring in cancer patients the European Organization for Research and 
Treatment of Cancer (EORTC) has developed quality of life questionnaires (EORTC QLQ-
C30 version 3.0). They were validated in many clinical trials (Aaronson et al. 1993). They 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

226 

combinations may not only be additive but possibly synergistic to each other, leading to 
enhancement of overall efficacy with acceptable toxicity. 
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on bone metastases the seed may comprise the so-called cancer stem cells. Whereas the soil 
may comprise a unique microenvironment, that facilitate the growth and survival of cancer 
stem cells. Targeting the microenvironment may offer another way to improve treatment of 
prostate cancer bone metastases. The microenvironment consists of osteoclasts, osteoblasts, 
endothelium and stroma. In the presence of cancer stem cells they interact leading to a 
disruption in normal coupling between osteoclasts and osteoblasts. An improved 
understanding of this process will influence how we select agents to target bone metastases 
and how we design strategies to treat prostate cancer bone metastases. Treatments may be 
directed to the cancer stem cells, the osteoblasts, the osteoclasts, the endothelium or the 
stroma (Tu and Lin 2008). 
Osteoblasts may be targeted by several pharmaceuticals including bone seeking 
radiopharmaceuticals. Other osteoblast directed treatments include endothelin-1-
antagonists (atrasentan) (Carducci et al. 2003), vitamin D analogs (1,25-hydroxyvitamin D3) 
(Beer et al. 2007), monoclonal IGF-1R (insulin-like growth factor-1-receptor) antibodies 
(Boyle et al. 2001) and CXRC4 (G-protein-coupled receptor) inhibitors (MSX-122), which 
inhibit the homing behaviour of cancer stem cells. Osteoclast activity may be inhibited by 
bisphosphonates (zolendronate) (Saad et al. 2002), RANK ligand inhibitors (denosumab) 
(Lewiecki 2006), tyrosine kinase inhibitors (dasatinib) or IL-6 antagonists (CNTO328) (Nam 
et al. 2005). And the endothelium and/or stroma may be targeted by anti-angiogenesis 
therapies. These include the vascular endothelial growth factor (VEGF) receptor antagonists 
bevacizumab, thalidomide and lenalidomide (Dahut et al. 2004). They reduce VEGF levels 
and basic fibroblast growth factor, inhibit growth and survival of tumor cells by modulation 
of adhesion molecules and mediate various cytokines.  Also targeted to the endothelium are 
platelet-derived growth factor receptor (PDGFR) tyrosine kinase inhibitors (imatinib, 
sunitinib and tandutinib) (Ko et al. 2001). They may also have anti-angiogenetic potential. 
Most of these agents are under investigation. Many clinical studies in prostate cancer 
patients are ongoing (Tu and Lin 2008). 
Combining different treatment modalities may be interesting because of additive effects 
or synergy effects. In the case of bisphosphonates and bone seeking radiopharmaceuticals 
the combined use has always been contra-indicated because of presumed interaction at 
the bone matrix level. It was shown that the combined use of 153Sm-EDTMP and 
bisphosphonates in patients with hormone-refractory prostate carcinoma is feasible. The 
combined treatment regimen is safe and may prove to be an effective long-term treatment 
regimen (Lam et al. 2007). 
Another combined treatment regimen would be a combination of bone seeking 
radiopharmaceuticals and chemotherapy. It is likely that combined treatment with 89Sr-
Chloride and chemotherapy (platinum based) yields a better pain response than treatment 
without chemotherapy in patients with painful osseous metastases from a prostate 
carcinoma (Sciuto et al. 2002), (Sciuto et al. 1996). And it has been suggested that adding 
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89Sr-Chloride to chemotherapy may lead to improved survival and a longer duration of the 
pain response compared to treatment with chemotherapy alone (Tu et al. 2001). Studies are 
yet limited but they are encouraging. Most of them have been performed using 89Sr-
Chloride and some using 153Sm-EDTMP (Ricci et al. 2007). Patients may possibly have an 
improved pain response and longer survival. In prostate cancer patients a most interesting 
choice would be combining docetaxel and a bone seeking radiopharmaceutical. These 
studies, using 153Sm-EDTMP or 186Re-HEDP, are underway. Our group investigated the 
combination of 188Re-HEDP and capecitabine (Xeloda®) (Lam et al. 2009a). This treatment 
regimen proved to be feasible and safe. Phase II efficacy testing using the maximum 
tolerable dose of 2500 mg/m2/day capecitabine is underway. Capecitabine is primarily used 
as a radiation sensitizer. It offers a convenient therapy with acceptable toxicity, ease of use 
as oral tablets and low costs. The same is true for 188Re-HEDP. It is homemade on demand 
and has favourable physical characteristics with a short half-life (16.9 hours) and high beta-
energy (Eβ max 2.12 MeV; Eβ mean 0.76 MeV). In theory, this high dose rate could lead to 
improved efficacy with rapid recovery. This is ideal for combined treatment regimens and 
for repeated treatment, which has already shown to be favourable with regard to pain 
response and survival (Palmedo et al. 2003). 
Several other combinations using bone seeking radiopharmaceuticals are under 
investigation. Currently, a randomized phase III study (MDA-3410/CTSU in M.D. 
Anderson Cancer Center, Houston, Texas) combining weekly doxorubicin (20 mg/m2) with 
89Sr-Chloride after response to induction chemotherapy is underway, as well as another 
phase I trial combining docetaxel/prednisone and 153Sm-EDTMP, also at M.D. Anderson 
(Tu and Lin 2008). It remains to be established whether targeting both the tumor 
(chemotherapy) and bone compartments will improve therapeutic efficacy. This concept is 
also being tested in multiple other trials, mostly combining docetaxel/prednisone with bone 
environment directed treatments, like the agents described above (Tu and Lin 2008). The 
described studies add to this search for optimized treatment regimens in hormone-
refractory prostate cancer patients.  

5.2 Predictions of efficacy and toxicity 
Most patients with advanced prostate cancer have disease limited to the bone, which is 
notoriously difficult to assess for response, with a small subset having soft tissue lesions. To 
limit response evaluation to only patients with bidimensionally measurable disease would 
eliminate 70% to 80% of patients who would otherwise be evaluable (Figg et al. 1996). With 
regard to prostate cancer patients efficacy of treatment has been monitored by PSA in a 
majority of studies. However it is doubtful whether PSA changes correlate with clinical 
benefit (Bubley et al. 1999). A 50% decrease in PSA level seems a reasonable predictor of a 
favourable outcome, but this was certainly not the case in all studies (Bauer et al. 1999; 
Sridhara et al. 1995). It was advised not to use PSA level drops  as a surrogate marker for 
survival (Bubley et al. 1999).  
In patients with advanced disease, survival and quality of life, including pain palliation, are 
the most important criteria of clinical response. Besides survival these parameters are 
difficult to measure and subject to errors. With an attempt to standardize treatment 
response monitoring in cancer patients the European Organization for Research and 
Treatment of Cancer (EORTC) has developed quality of life questionnaires (EORTC QLQ-
C30 version 3.0). They were validated in many clinical trials (Aaronson et al. 1993). They 
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include questions on global health status / quality of life, functional scales and symptom 
scales. The functional scales are subdivided in physical functioning, role functioning, 
emotional functioning, cognitive functioning and social functioning. The symptom scales are 
subdivided in fatigue, nausea and vomiting, pain, dyspnoea, insomnia, appetite loss, 
constipation, diarrhoea and financial difficulties. Each domain was scored on a scale of 0 – 
100, according to the EORTC scoring manual (Fayers et al. 2001). The changes in scores may 
be used to monitor clinical effect. 
Other often used clinical monitoring tools include the visual analogue scales (VAS) to 
monitor pain, changes in analgesic intake and, more basic, the physician’s assessment based 
on anamnesis and physical examination. A matter of debate is the frequency of evaluation. It 
seems that daily assessment is necessary to appreciate the wide variation in clinical status 
that patients may experience from day to day (Han et al. 2002). In all cases it is difficult to 
find a good balance between accuracy and compliance. PSA is therefore still popular to 
measure an objective level of response (Bubley et al. 1999; Scher et al. 2008).  
However, other predictors of response may prove to be much more reliable than PSA. In 
hormone-refractory prostate cancer patients in advanced stages of their disease the extent of 
metastatic disease in the skeleton is of high prognostic significance (Sabbatini et al. 1999). 
Furthermore it was shown that patients with advanced disease who had experienced a so-
called Skeletal Related Event (defined as: pathologic fracture, spinal cord compression with 
vertebral compression fracture, the need for surgery to treat or prevent pathologic fractures or 
spinal cord compression, or the need for radiation to bone) had a significantly worse survival 
and poorer quality of life, in comparison with patients who had not experienced a Skeletal 
Related Event (DePuy et al. 2007). These results further confirm the importance to treat skeletal 
metastases adequately. Markers of skeletal metabolism were found to be related to outcome 
and survival. In several clinical studies in prostate cancer patients it was observed that 
markers of bone metabolism were able to predict outcome, both as absolute levels pre-
treatment and as changes after treatment (Jung et al. 2004; Lein et al. 2007). In large series of 
cancer patients, including a majority of prostate cancer patients, treated with zoledronic acid, it 
was found that baseline levels of the bone marker urinary N-terminal type I collagen peptide 
[NTX], as well as changes of NTX after treatment were able to predict improved survival 
(Coleman et al. 2005; Lipton et al. 2008). Other studies emphasized the importance of the bone 
marker serum bone specific alkaline phosphatase [BAP] as a predictor of outcome (Cook et al. 
2006; Smith et al. 2007). Most of these studies used the same bone markers as we did in the 
study on the combined treatment of prostate cancer patients with 153Sm-EDTMP and 
zoledronic acid (i.e. NTX, BAP and serum procollagen type I N propeptide [PINP],). Although 
this study comprised a small patient population the results are of interest because they confirm 
the utility of these markers as predictors of clinical outcome, even in small numbers (Lam et al. 
2007). Besides, they were first tested in the treatment monitoring of bone seeking 
radiopharmaceuticals. The bone formation markers BAP and PINP were in agreement with 
the clinical effect of the combined treatment regimen evaluated by EORTC questionnaires. The 
bone resorption marker NTX and PSA were not in agreement with the clinical effect. This 
supports the hypothesis that the extent of osteoblastic metastasis in hormone-refractory 
prostate cancer patients is an important parameter for clinical outcome. Both treatment itself 
and treatment monitoring should be directed to these osteoblastic metastases. Bone markers 
may well prove to be very useful predictors of clinical effect in the treatment with bone 
seeking radiopharmaceuticals. They should be used in future trials.  
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Last but not least the importance of imaging modalities should be mentioned with regard to 
individualized treatment monitoring. Functional rather than anatomical imaging techniques 
may be used to predict response. Several PET (Positron Emission Tomography) techniques 
are being developed for this purpose (John et al. 2008; Price et al. 2002). In fact, functional 
imaging will prove to be one of the major contributions of nuclear medicine to clinical 
oncology in the future. Does the treatment work? That question needs to be answered for 
each oncologic treatment on an individual basis. Nuclear imaging and PET in particular 
may be helpful. 
Besides predictors of efficacy, predictors of toxicity are equally important for individualized 
patient management. Radiopharmaceuticals are important resources in the management of 
bone pain, but they need to be utilized in a manner that does not prevent other systemic 
therapy (Rago 1998). Thrombocytopenia is the dose limiting factor in treatment of painful 
bone metastases with bone seeking radiopharmaceuticals. De Klerk et al evaluated  
thrombocytopenia in patients with hormone refractory prostate carcinoma, treated with 
186Re-HEDP (de Klerk et al. 1994). As an index of the extent of bone involvement, the bone 
scan index (BSI) was determined from the pre-treatment 99mTc-HDP scintigram. The BSI is a 
tool to describe the extent of skeletal metastases on a scale from 0 to 100% (Blake et al. 1986). 
They described a functional relation (r = 0.78; p < 0.001) of the percentage of platelet 
decrease after treatment with the extent and distribution of skeletal metastases (BSI) and 
administered activity, normalized to standard body surface area. Using this relation, it is 
possible to predict thrombocytopenia by pre-treatment skeletal scintigraphy and to adjust 
the dosage for each patient to avoid unacceptable toxicity (de Klerk et al. 1994). 
However, more sophisticated indices of bone marrow function might also be of 
paramount importance. Recently, some very interesting reports have been published on 
‘reticulated platelets’ (Briggs et al. 2004; Wang et al. 2002). In systemic radionuclide 
therapy, the megakaryocyte seems to be most vulnerable to radiation. It is of great interest 
to gain more knowledge of bone marrow function pre-treatment using ‘biological’ 
parameters like ‘reticulated platelets’. These newly released platelets are larger and 
contain RNA. They were suggested to be the platelet analogue of the red cell reticulocyt. 
Assessment of platelet production using ‘reticulated platelets’ would distinguish between 
thrombocytopenia due to bone marrow failure and impending bone marrow recovery 
after cytotoxic therapy or thrombocytopenia due to increased peripheral platelet 
destruction and turnover. In both cases platelet levels are low, but in the latter ‘reticulated 
platelet’ levels will be high due to increased production (Wang et al. 2002). This non-
invasive measurement could further increase our knowledge of platelet production and 
the influence of radiation on this process. 
By adding hematological, chemical and biological parameters, combined with the bone 
scan index, body surface area, administered activity and retained activity, an extended 
version of ‘De Klerk’s formula’ may be developed. This is probably best done as a so 
called nomogram. Smaletz et al developed a nomogram to predict survival for patients 
with hormone refractory prostate carcinoma (Smaletz et al. 2002). A nomogram is a model 
in which individual parameters lead to a chance (from 0 to 100%) to experience a pre-
defined outcome. The outcome may be defined as survival or for example toxicity. Such a 
model can be made to predict hematological toxicity (thrombocytopenia, leucopenia) after 
treatment with bone seeking radiopharmaceuticals to improve individualized patient 
management. 
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measure an objective level of response (Bubley et al. 1999; Scher et al. 2008).  
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Furthermore it was shown that patients with advanced disease who had experienced a so-
called Skeletal Related Event (defined as: pathologic fracture, spinal cord compression with 
vertebral compression fracture, the need for surgery to treat or prevent pathologic fractures or 
spinal cord compression, or the need for radiation to bone) had a significantly worse survival 
and poorer quality of life, in comparison with patients who had not experienced a Skeletal 
Related Event (DePuy et al. 2007). These results further confirm the importance to treat skeletal 
metastases adequately. Markers of skeletal metabolism were found to be related to outcome 
and survival. In several clinical studies in prostate cancer patients it was observed that 
markers of bone metabolism were able to predict outcome, both as absolute levels pre-
treatment and as changes after treatment (Jung et al. 2004; Lein et al. 2007). In large series of 
cancer patients, including a majority of prostate cancer patients, treated with zoledronic acid, it 
was found that baseline levels of the bone marker urinary N-terminal type I collagen peptide 
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the utility of these markers as predictors of clinical outcome, even in small numbers (Lam et al. 
2007). Besides, they were first tested in the treatment monitoring of bone seeking 
radiopharmaceuticals. The bone formation markers BAP and PINP were in agreement with 
the clinical effect of the combined treatment regimen evaluated by EORTC questionnaires. The 
bone resorption marker NTX and PSA were not in agreement with the clinical effect. This 
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prostate cancer patients is an important parameter for clinical outcome. Both treatment itself 
and treatment monitoring should be directed to these osteoblastic metastases. Bone markers 
may well prove to be very useful predictors of clinical effect in the treatment with bone 
seeking radiopharmaceuticals. They should be used in future trials.  
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Last but not least the importance of imaging modalities should be mentioned with regard to 
individualized treatment monitoring. Functional rather than anatomical imaging techniques 
may be used to predict response. Several PET (Positron Emission Tomography) techniques 
are being developed for this purpose (John et al. 2008; Price et al. 2002). In fact, functional 
imaging will prove to be one of the major contributions of nuclear medicine to clinical 
oncology in the future. Does the treatment work? That question needs to be answered for 
each oncologic treatment on an individual basis. Nuclear imaging and PET in particular 
may be helpful. 
Besides predictors of efficacy, predictors of toxicity are equally important for individualized 
patient management. Radiopharmaceuticals are important resources in the management of 
bone pain, but they need to be utilized in a manner that does not prevent other systemic 
therapy (Rago 1998). Thrombocytopenia is the dose limiting factor in treatment of painful 
bone metastases with bone seeking radiopharmaceuticals. De Klerk et al evaluated  
thrombocytopenia in patients with hormone refractory prostate carcinoma, treated with 
186Re-HEDP (de Klerk et al. 1994). As an index of the extent of bone involvement, the bone 
scan index (BSI) was determined from the pre-treatment 99mTc-HDP scintigram. The BSI is a 
tool to describe the extent of skeletal metastases on a scale from 0 to 100% (Blake et al. 1986). 
They described a functional relation (r = 0.78; p < 0.001) of the percentage of platelet 
decrease after treatment with the extent and distribution of skeletal metastases (BSI) and 
administered activity, normalized to standard body surface area. Using this relation, it is 
possible to predict thrombocytopenia by pre-treatment skeletal scintigraphy and to adjust 
the dosage for each patient to avoid unacceptable toxicity (de Klerk et al. 1994). 
However, more sophisticated indices of bone marrow function might also be of 
paramount importance. Recently, some very interesting reports have been published on 
‘reticulated platelets’ (Briggs et al. 2004; Wang et al. 2002). In systemic radionuclide 
therapy, the megakaryocyte seems to be most vulnerable to radiation. It is of great interest 
to gain more knowledge of bone marrow function pre-treatment using ‘biological’ 
parameters like ‘reticulated platelets’. These newly released platelets are larger and 
contain RNA. They were suggested to be the platelet analogue of the red cell reticulocyt. 
Assessment of platelet production using ‘reticulated platelets’ would distinguish between 
thrombocytopenia due to bone marrow failure and impending bone marrow recovery 
after cytotoxic therapy or thrombocytopenia due to increased peripheral platelet 
destruction and turnover. In both cases platelet levels are low, but in the latter ‘reticulated 
platelet’ levels will be high due to increased production (Wang et al. 2002). This non-
invasive measurement could further increase our knowledge of platelet production and 
the influence of radiation on this process. 
By adding hematological, chemical and biological parameters, combined with the bone 
scan index, body surface area, administered activity and retained activity, an extended 
version of ‘De Klerk’s formula’ may be developed. This is probably best done as a so 
called nomogram. Smaletz et al developed a nomogram to predict survival for patients 
with hormone refractory prostate carcinoma (Smaletz et al. 2002). A nomogram is a model 
in which individual parameters lead to a chance (from 0 to 100%) to experience a pre-
defined outcome. The outcome may be defined as survival or for example toxicity. Such a 
model can be made to predict hematological toxicity (thrombocytopenia, leucopenia) after 
treatment with bone seeking radiopharmaceuticals to improve individualized patient 
management. 
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6. Future prospects 
Several future implications have already been discussed above. One of the most important 
developments for bone seeking radiopharmaceuticals will be individualized medicine. The 
search for an optimized balance between efficacy and toxicity will be found rather in an 
individualized treatment plan than in new agents. Good predictors of efficacy and toxicity 
are needed for treatment monitoring. Several potential candidates were described above. 
They may be found in clinical evaluation, imaging and several laboratory parameters. A 
combination of these parameters may lead to a prediction model which may be used in 
daily practice. 
Multimodality treatment has also been described above. Many combinations have 
potential. It has to be investigated which regimen will be most effective. Besides a direct 
anti-tumor effect which may be reached with chemotherapy (i.e. docetaxel), it is 
recognized that treatment directed to the bony environment may add to the overall 
efficacy of the treatment regimen. Bone seeking radiopharmaceuticals are bone-directed 
and may be of value in combination with other treatment modalities. Besides 
combinations with chemotherapy or bisphosphonates other interesting combinations may 
include for example atrasentan, or denosumab. 
An important other issue is the timing of treatment with bone seeking radiopharmaceuticals. 
The frequency and interval of sequential treatment should be considered. Bone seeking 
radiopharmaceuticals are mostly used as a single shot treatment. When patients respond to the 
treatment repeated treatment is considered. In most instances this does not happen with a 
planned interval in mind but rather when symptoms reappear after an initial response. In fact 
this might be too late. It seems better to treat patients sequentially before symptoms reoccur. 
This was confirmed in a randomized controlled trial in prostate cancer patients treated with 
two dosages of 1.1 mCi 188Re-HEDP with an interval of eight weeks compared to single shot 
treatment. They did not only find an improved pain response with longer duration but 
surprisingly an improved survival as well (Palmedo et al. 2003). Safety of repeated treatment 
with bone seeking radiopharmaceuticals was also confirmed (Sartor et al. 2007). This 
enhancement of efficacy may be attributed to chronic inhibition of osseous metabolism 
preventing cancer cells to thrive in the bony environment. Most other oncologic compounds 
are used in a repeated fashion using several cycles to reach sufficient effect.  It should be 
investigated which multiple treatment regimen is most suitable for bone seeking 
radiopharmaceuticals, and whether it is safe and more effective. It may be suggested that 
the best result in hormone-refractory will be reached using a multimodality treatment 
regimen with fractionation of all treatments to be effective over a prolonged period of time.  

7. Conclusion 
Treatment with bone seeking radiopharmaceuticals in patients with multiple painful 
skeletal metastases is safe and effective when proper protocols are being used. Important 
improvements may be found in multimodality treatment in long-term treatment regimens 
and in individualized patient management. Identification of powerful indicators of 
toxicity and efficacy may guide patient selection and therapy monitoring to optimize the 
patient’s outcome. This may possibly lead us beyond pain palliation towards 
improvement of survival. 
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1. Introduction 
There are many tools available that are used to evaluate a radiotherapy treatment plan, such 
as isodose distribution charts, dose volume histograms (DVH), maximum, minimum and 
mean doses of the dose distributions as well as DVH point dose constraints. All the already 
mentioned evaluation tools are dosimetric only without taking into account the 
radiobiological characteristics of tumors or OARs. It has been demonstrated that although 
competing treatment plans might have similar mean, maximum or minimum doses they 
may have significantly different clinical outcomes (Mavroidis et al. 2001). For performing a 
more complete treatment plan evaluation and comparison the complication-free tumor 
control probability (P+) and the biologically effective uniform dose ( D ) have been proposed 
(Källman et al. 1992a, Mavroidis et al. 2000). The D  concept denotes that any two dose 
distributions within a target or OAR are equivalent if they produce the same probability for 
tumor control or normal tissue complication, respectively (Mavroidis et al. 2001).  
In this chapter, the importance of the P D  diagrams is illustrated. These diagrams provide 
important information by combining the radiobiological data of the organs involved with 
the dosimetric information of the delivered dose distribution (Mavroidis et al. 2010). It 
would increase the flexibility and clinical application of the P+ index if in its original 
definition the different terms related to the tumor control and normal tissue complication 
probabilities were accompanied by some weighting factors, which could be adjustable by 
the clinicians depending on the important of the different clinical endpoints used 
(Mavroidis et al. 2011). In practice the P+ index finds the pure benefit from the treatment by 
subtracting the normal tissue complication probabilities from the tumor control probability. 
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In clinical practice, there are not different weighting factors that are applied but there are 
risk thresholds (usually 5-10%) for every organ at risk, which should not be exceeded 
(Mavroidis et al. 2011). So, in order to classify the different treatment plans one can select 
the dose level that satisfies these demands imposed by the normal tissues risk thresholds 
and compare the expected tumor control rates at this dose level.  
By using the D  concept on the dose axis, the control and complication probabilities of the 
target and OARs can be examined individually. Due to the fact that different plans generally 
deliver different mean doses to the target for the same control rate, the use of the target 
mean dose as a dose scaling basis is not suitable since the expected response rates induced 
by the treatment to the rest of the involved organs cannot be easily compared using this 
scale. The major advantage is that the D  concept forces the total control probabilities of 
different plans to coincide and the comparison of the response curves becomes much 
simpler than when the mean target dose is used (Mavroidis et al. 2001). 
The results and conclusions of this chapter are strongly dependent on the accuracy of the 
radiobiological models and the parameters describing the dose-response relation of the 
different tumours and normal tissues (Mavroidis et al. 2007). However, it is known that all 
the existing models are based on certain assumptions or take into account certain only 
biological mechanisms. Furthermore, the determination of the model parameters expressing 
the effective radiosensitivity of the tissues is subject to uncertainties imposed by the 
inaccuracies in the patient setup during radiotherapy, lack of knowledge of the inter-patient 
and intra-patient radiosensitivity and inconsistencies in treatment methodology (Buffa et al. 
2001, Fenwick & Nahum 2001). Consequently, the determined model parameters and the 
corresponding dose-response curves are characterized by confidence intervals. In the 
present analysis, most of the tissue response parameters have been taken from recently 
published clinical studies, where these parameter confidence intervals has been reduced 
significantly (e.g. uncertainty of around 5% in the determination of D50). So, the expected 
response of a tissue is known with some uncertainty, which can be considered clinically 
acceptable (Mavroidis et al. 2007). 
In this chapter, the treatment plans were optimized using conventional physical criteria like 
dose volume histograms, isodose charts, DVH point constraints, target prescribed doses and 
OAR tolerance doses. However, the developed treatment plans were evaluated 
radiobiologically using the radiation sensitivities of the respective organs involved in each 
case. The expected normal tissue complications were estimated against the optimum target 
dose using radiobiological plots. Just as a dose volume histogram is a good illustration of 
the volumetric dose distribution delivered to the target and OAR in the patient, so is the 
radiobiological evaluation plot as a measure of the expected clinical outcome. The dose-
response diagrams in conjunction with the dosimetric diagrams provide a more thorough 
viewpoint of the examined treatment plans. 

2. Organ delineation and treatment planning using CT vs. CT-MRI images 
during in prostate cancer radiotherapy 
Traditionally, targets and organs-at-risk (OAR) are anatomically delineated on computed 
tomography (CT)-images in prostate cancer treatment planning. However, in CT the 
sensitivity of visualizing extracapsular involvement is lower than in magnetic resonance 
imaging (MRI), which provides much more detailed information. MRI can superbly 
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demonstrate the internal prostatic anatomy, prostatic margins and the extent of prostatic 
tumors (Chen et al. 2004, Parker et al. 2003, Rørvik et al. 1993, Villeirs et al. 2007). It has been 
shown that an important decrease in the inter-observer delineation variation, as well as a 
significant decrease in the clinical target volume (CTV) may be resulted in by the use of 
fused MRI-CT images (Villeirs et al. 2005). Using MRI for delineation, the reduced prostate-
target volume is associated with a reduction of the rectal wall being irradiated, which may 
result in fewer rectal and urological complications (Rasch et al. 1999). More specifically, the 
use of axial and coronal MR scans, in localized prostate carcinoma treatment planning 
results in a better coverage of the prostate and a reduction of the volume of the rectum 
irradiated to high doses (Debois et al. 1999).  
 

 
Fig. 1. The reference CT (left) and fused CT-MRI (right) slices of a prostate cancer patient is 
shown for the 3D-CRT (upper) and MLC-based IMRT (lower) treatment plans in the 
transverse plane. The delineations of the anatomical structures involved were performed 
based on the CT and MRI images and they are illustrated together with the dose distributions 
delivered to the patient (Tzikas et al. 2011) (published with permission from: Tzikas et al. 
Investigating the clinical aspects of using CT vs. CT-MRI images during organ delineation and 
treatment planning in prostate cancer radiotherapy. Technology in Cancer Research and 
Treatment, Vol.10, pp. 235 and 236, 2011, Adenine Press, http://www.tcrt.org).  

In the present analysis, the respective CT and MRI images at treatment position were 
acquired for 10 prostate cancer patients (Tzikas et al. 2011). For each patient the separate CT 
and MRI images were used to delineate the Clinical Target Volume (CTV), which includes 
the prostate gland and the seminal vehicles. During treatment planning, the MRI and CT 
images were fused. The PTV was produced by adding to the CTV 1.0 cm margin in all 
directions apart from that towards rectum, which was 0.6 cm. So, 2 PTVs were produced for 
each patient based on the CT and MRI images. The comparison of the prostate cancer 
treatment plans in terms of isodose lines and dose volume histograms (DVH) is shown in 
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demonstrate the internal prostatic anatomy, prostatic margins and the extent of prostatic 
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fused MRI-CT images (Villeirs et al. 2005). Using MRI for delineation, the reduced prostate-
target volume is associated with a reduction of the rectal wall being irradiated, which may 
result in fewer rectal and urological complications (Rasch et al. 1999). More specifically, the 
use of axial and coronal MR scans, in localized prostate carcinoma treatment planning 
results in a better coverage of the prostate and a reduction of the volume of the rectum 
irradiated to high doses (Debois et al. 1999).  
 

 
Fig. 1. The reference CT (left) and fused CT-MRI (right) slices of a prostate cancer patient is 
shown for the 3D-CRT (upper) and MLC-based IMRT (lower) treatment plans in the 
transverse plane. The delineations of the anatomical structures involved were performed 
based on the CT and MRI images and they are illustrated together with the dose distributions 
delivered to the patient (Tzikas et al. 2011) (published with permission from: Tzikas et al. 
Investigating the clinical aspects of using CT vs. CT-MRI images during organ delineation and 
treatment planning in prostate cancer radiotherapy. Technology in Cancer Research and 
Treatment, Vol.10, pp. 235 and 236, 2011, Adenine Press, http://www.tcrt.org).  
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acquired for 10 prostate cancer patients (Tzikas et al. 2011). For each patient the separate CT 
and MRI images were used to delineate the Clinical Target Volume (CTV), which includes 
the prostate gland and the seminal vehicles. During treatment planning, the MRI and CT 
images were fused. The PTV was produced by adding to the CTV 1.0 cm margin in all 
directions apart from that towards rectum, which was 0.6 cm. So, 2 PTVs were produced for 
each patient based on the CT and MRI images. The comparison of the prostate cancer 
treatment plans in terms of isodose lines and dose volume histograms (DVH) is shown in 
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Figs. 1 and 2. Furthermore, individual dose-response curves and P+ - BD  plots of the CT and 
CT-MRI based treatment plans are presented in Fig. 3 for the CRT (left) and IMRT (right) 
radiation modalities, respectively. 
 

 
Fig. 2. The dose volume histograms (DVHs) of the CTV, rectum and bladder are presented 
in the upper, middle and lower diagrams, respectively for the CRT (left) and IMRT (right) 
treatment plans, which were optimized based on the CT and fused CT-MRI images, 
separately.  

For the treatment plans of the CRT treatment modality, which were produced based on the 
CT images, at the clinical dose prescription the average P+ value is 15.9% for a mean dose 
( CTVD ) and a biologically effective uniform dose ( BD ) to the CTV of 75.5 Gy. The average 
total control probability, PB is 26.5% and the average total complication probability, PI is 
10.5%. Similarly, for the treatment plans that were produced based on the fused CT-MRI 
images, the average P+ value is 17.5% for the same CTVD  and BD . The average PB the same 
with that of the treatment plans that were produced using CT images alone (26.5%) and the 
average PI is 8.9%. However, at the dose level of the individual dose distributions that the 
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complication-free tumor control gets optimum, for the CT-based treatment plans, the P+ 
value becomes 42.5% for a BD  of 86.4 Gy having average PB = 80.0% and average PI = 37.4%, 
whereas for the CT-MRI-based treatment plans, the P+ value becomes 46.7% for a BD  of 86.7 
Gy having an average PB = 80.6% and an average PI by 33.8%. 
For the treatment plans of the IMRT treatment modality, which were produced based on the 
CT images, at the clinical dose prescription, the P+ value is 52.5% for CTVD  = 81.0 Gy and 

BD  = 80.8 Gy. The average PB is 57.1% and the average PI is 4.7%. Similarly, for the CT-MRI-
based treatment plans, the P  value is 53.4% for CTVD  = 80.8 Gy and BD  = 80.5 Gy. The 
average PB = 58.6% and the average PI = 5.2%. However, at the dose level that maximizes the 
complication-free tumor control for the CT-based plans, the P+ value becomes 74.7% for a 

BD  of 91.5Gy having PB = 90.0% and PI = 15.3%, whereas for the CT-MRI-based plans, the 
P  value remains the same for a higher BD  by 0.6 Gy. The corresponding average PB = 
90.2%, whereas the average PI = 15.4%. 
If the CT-based treatment plans were applied to calculate the dose in target and OARs that 
were produced using the fused CT-MRI images then the average differences would be 
almost zero in the case of CRT radiation modality, whereas in the case of IMRT radiation 
modality the P+ value would become 2.1% lower, the average PB would be lower by 2.1% 
while the average PI would remains the same.  
Observing the diagrams in Fig. 3 it is apparent that the clinically established dose 
prescription, which corresponds to a certain uniform dose in the CTV deviates from the 
optimal dose level that is indicated by the radiobiological evaluation. For example, the 
clinically prescribed dose level is lower than the optimum level by D  = 8-14 Gy. 
According to these findings, it is expected that a small increase in the dose prescription will 
slightly increase the complication rate but it will also be accompanied by a significant 
increase in the control rate. As shown in Fig. 3, a margin of improvement can be observed 
while the individual normal tissue responses are kept below the limit of 10% as indicated by 
the horizontal crossed bar.   
 

 
Fig. 3. The dose-response curves of the CTV / total control probability, PB, bladder, rectum, 
total complication probability, PI and complication-free tumor control probability, P+ are 
presented for the CRT and IMRT treatment plans, which were optimized based on the CT 
and fused CT-MRI images, separately. The horizontal crossed bar indicates the 5-10% 
response probability region. The vertical lines represent the prescribed dose levels of the 
individual patients. 
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It is worth of noticing that the OAR with the highest risk for complications is rectum in the 
case of CRT and bladder in the case of IMRT (Fig. 3). This observation confirms previous 
reports that one of the most important advantages of IMRT over 3D-CRT is the ability of 
sparing the rectal wall reducing the development of late toxicity. In Fig. 3, it is shown that 
the results vary considerably among the patients as indicated by the thin P+ lines. 
For the CRT treatment plans, the response probabilities of CTV and bladder from the CT 
and fused CT-MRI based treatment plans do not differ significantly (p=0.87 and p=0.49, 
respectively), whereas those of rectum differ significantly (p=0.02) (Tzikas et al 2011). On the 
other hand, for the IMRT treatment plans, the response probabilities of all the structures 
(CTV, bladder and rectum) do not differ significantly between the two sets of plans (p=0.68, 
p=0.59 and p=0.34, respectively). The improvement that results in by the use of fused CT-
MRI images in the overall effectiveness of the CRT plans is statistically significant (p=0.03), 
which is mainly caused by the statistically significant sparing of the OARs (p=0.03 for PI). In 
the IMRT treatment plans this improvement does not get statistically significant. This stems 
from the fact that IMRT radiation has to capability of producing highly conformal dose 
distributions that can spare already from the beginning very well the OARs.  
In the future, target volumes could be reduced by both CT/MRI co-registration and dose 
painting using MR spectroscopy (Claus et al. 2004, Hou et al. 2009, Scheidler  et al. 1999, 
Weinreb et al. 2009). These ongoing improvements and developments in radiotherapy 
treatment planning are leading to treatments which offer both better tumour volume 
coverage, and are minimizing the risk of treatment-related complications (Beasley et al. 
2005). These changes should allow the escalation in dose delivered to the tumour volume 
with the potential for increased cure rates. 

3. Daily megavoltage CT registration on adaptive Helical Tomotherapy 
In treatments where the organs-at-risk (OARs) are close to the clinical target volume (CTV), 
the accuracy of the delivered dose is critical. The existence of an accurate patient positioning 
process is a prerequisite for ensuring agreement between planned and delivered dose 
distributions (Creutzberg et al. 1993, Mitine et al. 1991). Patient setup inaccuracies can lead 
to variations in dose delivery and under-dosage of tumors or over-dosage of normal tissues, 
which can result in a considerable reduction of local tumor control and/or increase of side 
effects, respectively (Mavroidis et al. 2011).  
Helical Tomotherapy (HT) is characterized by dose distributions of high dose conformity 
(Mackie et al. 1999, Webb 2000). Presently, the Planned Adaptive module of the 
Tomotherapy software is used to correct dose discrepancies that may occur during 
treatment delivery. The comparison of the delivered and planned fractional dose 
distributions can be made in several treatment fractions. To measure the extent of the patient 
setup deviation on a helical tomotherapy machine, a megavoltage computed tomography 
(MVCT) scan has been developed for daily correction of patient positioning (Boswell et al. 
2006, Meeks et al. 2005, Welsh et al. 2006). Due to the highly conformal distributions that can 
be obtained with HT any discrepancy between the planned and delivered dose distributions 
may result in the degradation of the curative power and effectiveness of the treatment (Löf 
et al. 1995). Consequently, there is a need to measure those differences in terms of a change 
in the expected clinical outcome. The present analysis performs assessment of the clinical 
effectiveness of the delivered treatment by interpreting the dosimetric characteristics of the 
different dose distributions and translating them into expected rates of tumor control and 
normal tissue complications. 
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For each of the examined patients, a Helical Tomotherapy plan was developed and 
subsequently the calculated dose distributions with and without patient setup correction were 
compared by using physical and radiobiological measures (Mavroidis et al. 2011). The 
corresponding cumulative dose distributions, which are determined by adding the delivered 
fractional dose distributions, are calculated for the entire course of radiation therapy (Fig. 4).  
 

 
Fig. 4. The reference CT slices of a prostate cancer patient are shown in the transverse and 
coronal planes for the Helical Tomotherapy dose distributions with (left) and without (right) 
patient setup correction. In each case, the dose values of the isodose lines are also presented. 

In this investigation each patient has a reference kilovoltage CT (kVCT) that was used for 
the development of the treatment plan. For each fraction, a pre-treatment verification 
megavoltage CT (MVCT) was obtained in the tomotherapy unit to assess setup accuracy. In 
order to evaluate the dosimetric effect of setup correction in Helical Tomotherapy, two 
different cumulative dose distributions were analyzed for the examined clinical cases. One 
cumulative dose distribution was calculated by adding up the separate delivered fractional 
dose distributions with setup correction. In this set of merged images, a mutual information 
based registration (that considered translational and rotational only corrections) was 
performed between the reference kVCT and the pre-treatment MVCT for each fraction based 
on anatomical landmarks. The other cumulative dose distribution was computed by adding 
up the delivered fractional dose distributions as calculated on the daily MVCT, without 
applying any positional corrections from the daily MVCT-kVCT co-registration. The dose 
distributions with and without patient repositioning were computed and the final dose 
volume histograms (DVHs) for both dose calculations were compared (Fig. 5).  
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Fig. 5. The dose volume histograms (DVHs) of the targets (Prostate, Seminal Vesicles) and 
organs at risk (bladder, rectum) are illustrated. The solid lines correspond to the dose 
distribution with setup correction, whereas the dashed lines correspond to the dose 
distribution without setup correction (Mavroidis et al. 2011) (published with permission 
from: Mavroidis et al. Radiobiological and dosimetric analysis of daily megavoltage CT 
registration techniques on adaptive radiotherapy with Helical Tomotherapy. Technology in 
Cancer Research and Treatment, Vol.10, pp. 9, 2011, Adenine Press, http://www.tcrt.org). 

For this dose prescription of the dose distributions with and without setup correction, the 
complication-free tumor control probabilities, P  are 10.9% and 11.9% for mean doses to the 
ITV ( ITVD ) of 74.7 Gy and 75.2 Gy and biologically effective uniform doses to the ITV ( BD ) 
of 75.2 Gy and 75.4 Gy, respectively. The corresponding total control probabilities, PB are 
14.5% and 15.3%, whereas the total complication probabilities, PI are 3.6% and 3.4%, which 
are almost equal to the response probabilities of the rectum (3.6% and 3.4%, respectively). At 
the dose level of the dose distributions with and without setup correction that maximizes 
the P+ index ( ITVD  = 90.0 Gy), the P+ values are 55.9% and 57.7%, respectively.  
 
 

Response probability 
Clinical Dose Prescription Optimum Dose 

Prescription 
With setup 
correction 

W/o setup 
correction 

With setup 
correction 

W/o setup 
correction 

GTV (%) 15.5 + 0.8 85.2 - 1.0 
Seminal Vesicles (%) 93.6 + 0.2 99.5 0.0 
Bladder (%) 0.1 0.0 5.1 - 0.3 
Rectum (%) 3.6 - 0.2 25.0 - 2.6 
P+ (%) 10.9 + 1.0 55.9 + 1.8 
PB (%) 14.5 + 0.8 84.7 - 1.0 
PI (%) 3.6 - 0.2 28.8 - 2.8 

ITVD  (Gy) 74.7 + 0.5 90.0 0.0 
BD  (Gy) 75.2 + 0.2 90.6 - 0.4 

 

Table 1. Summary of the radiobiological comparison.  
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As it is shown in Fig. 6, the expected complication-free tumor control for the dose 
distributions with setup correction is equivalent or worse than the delivered dose 
distributions without setup correction. The reason is that the HT TPS does not have the 
possibility of performing radiobiological treatment plan optimization, which means that the 
planned dose distributions could not be produced using the maximum P+ as objective. By 
examining the tumor control and normal tissue complication probabilities separately it can 
be observed that the dose distributions with setup correction have the same or higher 
response probabilities than the dose distributions without setup correction. However, for 
normal tissues the classification of the dose distributions with and without setup correction 
seems to be more sensitive and it varies depending on the case. In all the cases, the ITV is 
irradiated almost iso-effectively by the delivered dose distributions with and without 
patient setup correction. This is supported by the tumor control probabilities, PB that are 
presented in Table 1 (Mavroidis et al. 2011). On the other hand, the setup uncertainties 
produce higher normal tissue complications when the OARs move into the high dose region 
or lower expected responses when the OARs move away from the high dose region.  
As far as tissues of parallel internal organizations are concerned, dose inhomogeneity does 
not affect significantly their response, which is mainly determined by the mean dose. In this 
case, although the variation of a given dose distribution may be large, the D  value does not 
deviate much from the corresponding mean dose, D , due to the low relative seriality value 
characterizing such a tissue.  
 
 
 

 
 

Fig. 6. The dose-response curves that are derived from the radiobiological evaluation of the 
dose distributions are plotted using D  on the dose axis. The horizontal crossed bar 
indicates the 5-10% response probability region. The solid and dashed vertical lines indicate 
the dose levels of the dose distributions with and without setup correction, respectively. The 
vertical error bars indicate the confidence intervals of the corresponding dose-response 
curves due to the uncertainties of the radiobiological parameters. The solid lines correspond 
to the dose distribution with setup correction, whereas the dashed lines correspond to the 
dose distribution without setup correction. 
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In Fig. 6, the clinically established dose prescription (solid and dashed vertical lines), 
deviates from the optimal dose level that is indicated by the radiobiological evaluation. With 
a small increase in the dose prescription an increase in the complication-free tumor control, 
P+ can be achieved because the gain in tumor control is larger than the increment in normal 
tissue complications until a balance is reached. The dashed vertical line indicates the dose 
prescription, which intersects with the total complication probability of 10%. Because of 
these points the clinically prescribed dose level is lower than the optimum level by a D  of 
about 15.0 Gy.  
In the DVH diagram (Fig. 5) it is observed that a significantly higher dose is delivered to the 
ITV compared to the OARs, which leads to response curves that are well separated from 
those of the targets as shown in Fig. 6. The width of the P+ curve expresses the separation 
between the response curves of the targets and those of the OARs. At the same time, the 
most effective dose distribution is indicated, since it generates a higher value of P+. The 
more conformal a treatment technique is the more precise and accurate the patient setup 
process should be. In these techniques the dose distribution is so well matched with the 
radiosensitivity map of the clinical case that a small misalignment in the setup can rapidly 
reduce the effectiveness of the delivered therapy. The quality of a treatment does not only 
depend on the conformity of the applied technique but also on the quality of the supporting 
services. 

4. Radiobiological evaluation of Helical Tomotherapy and MLC-based IMRT 
treatment plan 
Helical Tomotherapy (HT) is a radiation modality that is capable of producing high 
conformity dose distributions that may be superior than other IMRT techniques (Mackie et 
al. 1999, Webb 2000). A unique radiation delivery method is employed by HT, which 
delivers radiation helically through fifty-one projections per rotation. Although HT can 
produce very conformal dose distributions, it is still unknown how much the effectiveness 
of the resulted dose distributions differs from that of other radiation therapy modalities 
such as that of the MLC-based step-and-shoot IMRT. Consequently, the goal of this analysis 
is to compare IMRT treatment plans generated using MLC-based step-and-shoot IMRT and 
HT technology based on radiobiological measures, using representative prostate cancer 
cases. For each case, two sets of treatment plans have been developed (IMRT and HT). A 
parallel physical and radiobiological evaluation was carried out to assess the different 
treatment plans. The implemented radiobiological procedure estimates the probability to 
achieve tumour control without complications based on the knowledge of the dose-response 
relations of the tumours and organs-at-risk (Emami et al. 1991, Mavroidis et al. 2003, 2005, 
Ågren 1995). 
Fig. 7 illustrates the dose distributions of a conventional, a conformal (CRT), an MLC-
based IMRT and a HT treatment plan, of a prostate cancer case, in the form of isodose 
curves in transverse and coronal views, respectively (Mavroidis et al. 2007). According to 
the isodose curve distributions, it appears that the HT plan produces slightly lower 
inhomogeneity inside the ITV as compared to the MLC-based IMRT and very similar dose 
spread outside the ITV. The MLC-based IMRT radiation modality delivers higher mean 
doses to the GTV, lymph nodes and bladder and a lower dose to the rectum as compared 
to the HT (Table 2).  
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Fig. 7. The reference CT slice of a prostate cancer patient is shown for the treatment plans of 
four radiation modalities in the transverse and coronal planes. The anatomical structures 
involved are illustrated together with the dose distributions delivered to the patient.  
 

Tissue GTV Lymph nodes Bladder Rectum 

Helical Tomotherapy 
PTomo (%) 39.3 98.0 1.0 2.9 

TomoD  (Gy) 74.8 74.8 61.6 59.6 

TomoD  (Gy) 74.9 74.8 39.7 34.8 

SDTomo 0.9 0.5 20.6 17.6 

DmaxTomo 78.3 77.9 77.9 77.9 

DminTomo 71.2 73.2 8.3 6.7 

MLC-based IMRT 
PIMRT (%) 44.1 98.4 1.4 1.3 

IMRTD  (Gy) 75.6 75.9 62.1 57.7 

IMRTD  (Gy) 75.6 75.9 41.8 34.3 

SDIMRT 0.7 0.3 20.2 16.1 

DmaxIMRT 77.5 77.1 76.7 74.7 

DminIMRT 72.8 74.7 7.9 4.4 

Table 2. Summary of the radiobiological evaluation of the Helical Tomotherapy and IMRT 
treatment plans.  
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For the applied dose prescription the complication-free tumor control probability (P+) value 
is 34.7% for the HT for a mean dose to the ITV ( ITVD ) of 74.9 Gy and biologically effective 
uniform dose to the ITV ( BD ) of 74.8 Gy. The total control probability (PB) is 38.5% and 
the total complication probability (PI) is 3.8%. Similarly, of the MLC-based IMRT the P+ 
value is 40.8% for ITVD = 75.7 Gy and BD = 75.6 Gy. The PB = 43.4% and the PI = 2.6% 
(Mavroidis et al 2007). However, if we optimize the dose level of the dose distributions in 
order to maximize the complication-free tumor control then for the HT, the P+ value 
becomes 68.7% for a BD  of 86.0 Gy stemming from PB = 87.8% and PI = 19.1%. 
Respectively, for the MLC-based IMRT the P+ value becomes 72.2% for a BD  of 85.9 Gy 
having PB = 87.8% and PI = 15.5%. 
 

 
Fig. 8. The DVHs of the GTV and involved lymph nodes as well as those of the organs at 
risk (bladder and rectum) are illustrated. The solid lines correspond to the dose distribution 
from Helical Tomotherapy, whereas the dashed lines correspond to the dose distribution 
from IMRT (Mavroidis et al. 2007) (published with permission from: Mavroidis et al. 
Treatment plan comparison between Helical Tomotherapy and MLC-based IMRT using 
radiobiological measures. Physics in Medicine and Biology, Vol.52, pp. 3829, 2007, IOP 
Publishing Ltd, http://stacks.iop.org/PMB/52/3817). 

The dose distribution in the ITV is more homogeneous in the MLC-based IMRT plan as 
compared to the HT, while achieving a similar sparing of the OARs. As it is shown in Fig. 9, 
the expected complication-free tumour control for the HT treatment plan is slightly worse 
than the MLC-based IMRT for the clinical prescribed doses. The reason for this is that the 
MLC-based IMRT irradiates more effectively the GTV and lymph nodes with better sparing 
of the rectum as shown in Table 2 and Fig. 9. Although the HT delivers similar mean dose to 
the rectum with a little larger variation as compared to the MLC-based IMRT, it shows a 
higher complication probability due to its higher maximum dose and the high relative 
seriality value of rectum (s = 0.7).  
In this analysis, the clinical effectiveness of the Helical Tomotherapy and MLC-based IMRT 
in prostate cancer radiotherapy was evaluated using both physical and radiobiological 
criteria. This evaluation shows that the difference between the HT and MLC-based IMRT 
plans is small with the latter one being more effective over the clinically prescribed dose 
region. The results of this work indicate that the HT and MLC-based IMRT radiation 
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modalities have almost the same potential of producing treatment plans with small integral 
doses to the healthy organs and fairly homogeneous doses to the ITV. 
 
 

 
Fig. 9. The dose-response curves of the targets and organs-at-risk are plotted for the HT and 
MLC-based IMRT radiation modalities using the D  on the dose axis. The vertical lines 
denote the clinical and optimum dose prescriptions. The solid lines correspond to the dose 
distribution from Helical Tomotherapy, whereas the dashed lines correspond to the dose 
distribution from IMRT. 

5. Radiobiological evaluation of optimized HDR prostate brachytherapy 
implants 
High Dose Rate (HDR) Brachytherapy is becoming popular for treating localized prostate 
cancer tumors utilizing 3D ultrasound (U/S) and 192Ir based remote afterloaders. 
Compared to other 3D imaging modalities (CT, MR) U/S can provide real-time, accurate 
3D information on the size and the position of the target volume, on the position of the 
organs-at-risk and the real time needle tracking and navigation. The use of inverse 
planning in HDR brachytherapy results in a fast planning process that produces 
reproducible high quality treatment plans that closely match the clinical protocol 
constraints (Baltas & Zamboglou 2006, Hsu et al. 2008, Martinez et al. 1989, Milickovic et 
al. 2002). During the last decade a number of inverse planning algorithms have been 
proposed (Alterovitz et al. 2006, Karabis et al. 2009, Lahanas et al. 1999, 2003) and many of 
them have been implemented in modern Treatment Planning Systems (TPS) (Oncentra 
Prostate™, Nucletron B.V., Veenendaal, The Netherlands, Oncentra Brachy™, Nucletron 
B.V., Veenendaal, The Netherlands, BrachyVision Treatent Planning™, Varian Medical 
Systems). It is a common characteristic for HDR implants optimized with such algorithms 
that there are a few very dominating dwell positions, where the largest part of the total 
dwell time is spent, which leads to a selective extension of high doses in volumes around 
such dwell positions. Presently, in HDR brachytherapy, new inverse optimization 
algorithms enable an adjustment of the source dwell time distribution within the 
implanted catheters according to user-defined objectives and penalties for the target 
volume(s) and organs at risk (OARs).  
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In the present evaluation, the TPS Oncentra Prostate v.3.0 (Nucletron B.V., Veenendaal, The 
Netherlands) was used, where the Hybrid Inverse treatment Planning and Optimization 
(HIPO) algorithm has been implemented (Karabis et al. 2005, 2009). HIPO is an inverse 
planning algorithm that is based on 3D anatomy and it is capable of optimizing the dose 
distribution for a given needle configuration as well as finding an adequate needle 
configuration for each application. Furthermore, HIPO has the ability to apply a 
modulation restriction that limits the free modulation of dwell times eliminating the 
selective hot spots. It is based on dosimetric objectives, which penalize over/under 
dosage in target(s) while protecting OARs from overdosage (Karabis et al. 2009). 
Furthermore, in order to get restriction of the free modulation of dwell times allowing 
thus more smooth source movements and more smooth distributions of dwell time over 
dwell positions, HIPO offers the option of a modulation restriction (MR) parameter, 
which leads to a the dwell time gradient restriction.  
The present analysis is based on the treatment plans of 12 prostate cancer patients, which 
were developed using their 3D ultrasound (U/S) image sets that were obtained intra-
operatively right after the needle implantation. The twelve clinical implants for HDR 
brachytherapy of prostate cancer were selected as monotherapy for low-risk cases and 
they cover the whole range of prostate volumes with a full range of 26-101 cm3. In the 
present clinical protocol, the HDR Monotherapy is delivered in three implants separated 
by at least 2 weeks interval. In each implant a single fraction with a prescription dose of 
11.5 Gy is delivered thus resulting in a total dose of 34.5 Gy. The prostate gland is 
considered as PTV and urethra, bladder and rectum are used as OARs in the treatment 
planning. The whole procedure including dose delivery is realized intra-operatively 
utilizing 3D and 2D Ultrasound imaging. 
For the evaluation and report of the quality of the dose distributions, the following DVH-
based parameters that have been proposed by GEC/ESTRO-EAU (19-22), have been 
considered (Baltas & Zamboglou 2006, Kovács et al. 2005, Nag et al. 1999). 
D100: The dose that covers 100% of the PTV volume, which is the Minimum Target Dose 
(MTD).  
D90: The dose that covers 90% of the PTV volume, which would be desirable to be equal or 
greater than the prescription dose. 
V100: The percentage of prostate volume (PTV) that has received at least the prescription 
dose (100% = prescribed dose).  
V150: The volume that has received 50% more than the prescribed dose (150% of the 
prescription dose). 
Regarding the OARs, the following dosimetric descriptors for the maximum doses have 
been considered: 
D2cm³: the dose for the most exposed 2 cm3 of rectum or bladder,  
D0.1cm³: the dose for the most exposed 0.1cm3 of the urethra as an estimate of the maximum 
dose 
D10: the highest dose covering 10% of the OAR volume (rectum, bladder, urethra)  
All the clinical implants have been inversely planned using HIPO with modulation 
restriction (MR), which was selected based on the maximum values resulting in plans that 
completely fulfilled the constraints of the dosimetric protocol. In the treatment plan 
evaluation, the individual tissue DVHs were calculated for each plan (Fig. 10).  
The different treatment plans were further evaluated in conjunction with radiobiological 
dose non-uniformity evaluation measures in order to estimate their expected clinical impact 
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(Mavroidis et al. 2008). For this evaluation the dose-response parameters of the prostate, 
urethra, bladder and rectum (Table 3) were used to calculate the corresponding response 
probabilities as well as the complication-free tumor control probability (P+) and the 
biologically effective uniform dose ( D ). 
 
 

 
 

Fig. 10. The differential DVHs of prostate, urethra, bladder and rectum derived from the 
treatment plans. The prescription dose of the fraction is 11.5 Gy (100%). 

 
Organs D50 (Gy) γ s α/β 

PTV 70.0 4.0 — 3.0 

Urethra 120.0 3.0 0.03 3.0 

Bladder 80.0 3.0 0.3 3.0 

Rectum  80.0 2.2 0.7 3.0 

Table 3. Summary of the model parameter values for the prostate cancer cases. D50  is the 
50% response dose, γ is the maximum normalized value of the dose-response gradient and s 
is the relative seriality, which characterizes the volume dependence of the organ.  

Finally, the conformal index COIN (Baltas et al. 1998), which is a measure of brachytherapy 
implant quality and dose specification, was applied in evaluation of the examined treatment 
plans. COIN considers also the conformity of the 3D dose distribution regarding the OARs 
based on three coefficients. The first coefficient is the fraction of the PTV that is enclosed by 
the prescription dose. The second coefficient is the fraction of the volume encompassed by 
the prescription dose that is covered by PTV and it is a measure of how much tissue outside 
the PTV is covered by the prescription dose. The third coefficient is the fraction of the 
volume of each OAR that receives doses that exceed their dose limit. 
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Fig. 11. The average cumulative DVHs of the PTV (prostate gland, red), urethra (black), 
bladder (pink) and rectum (blue) are presented for the HDR treatment plans, which were 
optimized with modulation restriction. Here, the total dose of 34.5 Gy delivered by three 
fractions of 11.5 Gy is considered to be the total prescription dose (100%) (Mavroidis et al. 
2010) (published with permission from: Mavroidis et al. Radiobiological evaluation of the 
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Fig. 11 illustrates the average DVHs of the dose distributions examined. Based on the DVHs 
and the results shown in Table 4, the HIPO optimization with MR has an acceptable 
variance coefficient, CV, (meaning dose inhomogeneity) inside the PTV. The average mean 
dose in the PTV in the HIPO with MR plans is 48.4 Gy and the corresponding control 
probability is 97.8%. Regarding the organs at risk, the HIPO optimization with MR plans 
deliver fairly low maximum doses in urethra, which results in a clinically acceptable 
response probability (3.8%) (Mavroidis et al. 2010).  
 
 

Tissues CTV Urethra Bladder Rectum 
P (%) 97.8 3.8 0.0 0.02 
Dmean (Gy) 48.4 33.0 9.2 14.4 
CV (%) 30.5 18.2 46.5 33.3 

D  (Gy) 32.9 34.2 22.3 22.8 
Dmax (Gy) 136.6 41.4 27.6 27.6 
Dmin (Gy) 23.5 11.0 2.8 2.8 

Table 4. Summary of the dosimetric and radiobiological measures averaged over the 12 
prostate cancer patients regarding the applied HDR technique. 

A quantitative analysis of the dosimetric and radiobiological results of the different dose 
distributions shows that for the HDR optimization with MR at the clinical dose prescription 
the P+ value is 94.0% and the biologically effective uniform dose to the PTV, BD  is 32.9Gy. 
The total control probability, PB is 97.8% and the total complication probability, PI is 3.8%, 
which mainly stems from the response probability of urethra (3.8%) (Mavroidis et al. 2010). 
However, if a different dose level of the dose distributions is selected in order to maximize 
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the complication-free tumor control then the P+ value becomes 95.2% for a BD  of 32.2 Gy 
having PB = 96.3% and PI = 1.1%.  
The average COIN values, which were calculated with and without the inclusion of the 
organs at risk (OARs) for the 12 implants using HIPO with modulation restriction are 0.867 
± 0.019 and 0.870 ± 0.021, respectively. These values indicate that the examined treatment 
plans are characterized by high quality. 
 
 

 
Fig. 12. Left diagram: The average dose-response curves of the PTV (red), urethra (black), 
bladder (pink) and rectum (blue) are presented for the HDR treatment plans, which were 
optimized with modulation restriction, regarding different prescription doses. Right diagram: 
The average curves of the total tumor control probability, PB (green), total normal tissue 
complication probability, PI (red) and complication-free tumor control probability, P+ (black) 
are presented for the HDR treatment plans, regarding different radiobiological prescription 
doses. The total dose of 34.5 Gy delivered by three fractions of 11.5 Gy is considered to be 
the total prescription dose (100%) (Mavroidis et al. 2010) (published with permission from: 
Mavroidis et al. Radiobiological evaluation of the influence of dwell time modulation 
restriction in HIPO optimized HDR prostate brachytherapy implants. Journal of 
Contemporary Brachytherapy, Vol.2, pp. 126, 2010, Termedia sp.zo.o., DOI: 
10.5114/jcb.2010.16923). 

Non-uniform dose distributions, which may be as effective as equivalent uniform dose 
distributions, which means that a higher number of degrees-of-freedom can be taken 
advantage of by incorporating radiobiological measures in treatment plan optimization. In 
this sense, a radiobiologically based optimization algorithm could find dose distributions of 
smoother non-uniformity that irradiate the target as effectively as the physically optimized 
dose distributions without modulation restriction and at the same time optimize the dose 
fall-off towards the organs at risk. This is because the radiobiologically based HDR 
optimization would take into account the volume effect of all the involved organs at risk in 
the proximity of the target and optimize the dose fall-off accordingly. It has to be mentioned 
that radiobiologically based HDR optimization is characterized by more clinically relevant 
dose constraints for the OARs and normal tissue stroma, which could lead to better results 
than the HDR optimization without modulation restriction. However, the large hot spots 
produced in the target volume by this method would increase the risk for secondary cancer 
(Schneider et al 2006). Consequently, by deteriorating physical dose conformation, the HDR 
optimization with MR provides slightly better biological conformation. 
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6. Conclusions 
This chapter demonstrates the use of radiobiological measures in prostate cancer treatment 
plan optimization may have a great impact on the clinical effectiveness of the applied 
treatment. Taking into account the dose-response relations of the irradiated tumors and 
normal tissues, a radiobiological dose delivery evaluation can be performed, which 
combines the information of a given dose distribution with the radiosensitivity map of the 
patient. The use of P D  diagrams can complement the traditional tools of evaluation such 
as DVHs, in order to compare and effectively evaluate different treatment plans. 
The findings show that the use of fused CT-MRI images produce dose distributions, which 
lead on average to better expected treatment outcome compared to the use of CT images 
alone. The extent of this improvement decreases as we move from conventional to IMRT 
treatments due to the fact that IMRT delivers already limited doses to OARs. Although 3D 
conformal radiotherapy techniques are not characterized by very high conformalities, the 
better knowledge of the CTV extension can considerably improve the effectiveness of their 
dose distributions. These findings were observed during treatment plan evaluation and 
comparison based on common dosimetric indices as well as on radiobiological measures. 
The clinical effectiveness of delivered Helical Tomotherapy dose distributions with and 
without patient setup correction, which were evaluated using both physical and biological 
criteria, showed that the dose distributions with and without patient setup correction are 
very similar and the expected clinical outcome is not always better in the first case unless a 
radiobiological treatment plan optimization has been performed first. However, the 
effectiveness of a HT treatment plan can be considerably deteriorated if an accurate initial 
patient setup procedure is not available. The application of radiobiological measures on HT 
prostate cancer treatment plans with and without patient setup correction revealed minor or 
modest differences in the predicted therapeutic impact of using the MVCT method.  
Radiobiological evaluation of treatment plans provides additional information about the 
fitness of a plan and a closer association of the delivered treatment with the clinical 
outcome. The simultaneous presentation of the radiobiological evaluation together with the 
physical data shows their complementary relation in analyzing a dose plan. The use of 
radiobiological parameters is necessary if a clinically relevant quantification of a plan is 
needed. The application of the P+ and D  concepts on representative Helical Tomotherapy 
and MLC-based IMRT prostate cancer treatment plans revealed differences in the biological 
impact of the corresponding dose distributions. It can be concluded that for clinical cases, 
which may look dosimetrically similar, in radiobiological terms they can be quite different. 
Helical Tomotherapy and MLC-based IMRT can cover the target volume with the clinically 
prescribed dose while minimizing the volume of the organs at risk receiving high dose. Both 
radiation modalities have almost the same potential of producing treatment plans of 
equivalent clinical effectiveness in terms adequate irradiation of the tumor and sparing of 
the involved OARs. 
At the maximum P+ dose prescription, it was proved that the different modulation 
restriction approaches do not affect significantly the proper coverage and eradication of the 
target and the sparing of rectum and bladder but they affect mainly the effective sparing of 
urethra. In this analysis, which was performed using both physical and radiobiological 
criteria, it is shown that the HDR optimization with MR can introduce a minor improvement 
in the effectiveness of the produced dose distribution compared to the HDR optimization 
without modulation restriction. The likelihood to accomplish a good treatment result can be 
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increased by the use of therapeutic indices such as P+ and D , which can be used as figures 
of merit for a treatment. 

7. Appendix 
Radiobiological treatment plan evaluation 
In the present radiobiological treatment plan evaluation method, the Linear-Quadratic-
Poisson model is used to describe the dose-response relation of the tumours and normal 
tissues (Källman et al. 1992b, Ågren et al. 1990). This model takes into account the 
fractionation effects that are introduced by the clinical protocol: 

    50/ ln ln 2( ) exp e D D eP D e     
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where P(D) is the probability to control a tumour or induce a certain injury to a normal 
tissue that is irradiated uniformly with a dose D. D50 is the dose, which gives a 50% response 
and  is the maximum normalized dose-response gradient. The parameters D50 and   are 
specific for every organ and type of clinical endpoint and they are derived directly from 
clinical data (Emami et al. 1991, Eriksson et al. 2000, Gagliardi et al. 2000, Jackson et al. 1995, 
Mavroidis et al. 2003, 2005, Roesink et al. 2001, Willner et al. 2002, Ågren 1995). The 
uncertainties that are associated with these parameters are of the order of 5% for D50, 30% 
for  and 90% for s. These uncertainties define the confidence interval of the entire dose-
response curve around its best estimate (Deasy 1997). The response of the entire organ to a 
non-uniform dose distribution is given by an expanded version of Eq. (1) for tumours and 
the relative seriality model for normal tissues (Lind et al. 1999). 
The relative seriality model is a model that account for the volume effect. For a 
heterogeneous dose distribution, the overall probability of injury (PI) for a number of OARs 
is expressed as follows (Källman et al. 1992b, Lind et al. 1999):  
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where I
jP  is the probability of injuring organ j and Norgans is the total number of vital OARs. 

( )j
iP D  is the probability of response of the organ j having the reference volume and being 

irradiated to dose Di as described by Eq. (1). Δvi = ΔVi / Vref is the fractional sub-volume of 
the organ that is irradiated compared to the reference volume for which the values of D50 
and  were calculated. Mj is the total number of voxels or sub-volumes in the organ j, and sj 
is the relative seriality parameter that characterizes the internal organization of that organ. 
A relative seriality close to zero (s  0) corresponds to a completely parallel structure, which 
becomes non-functional when all its functional subunits are damaged, whereas s  1 
corresponds to a completely serial structure which becomes non-functional when at least 
one functional subunit is damaged. It should be mentioned that other models such as the 
LKB (Burman et al. 1991, Kutcher et al. 1991, Kwa et al. 1998), parallel (Boersma et al. 1995) 
etc could also have been used with the appropriate response parameter set.  
Tumours are assumed to have a parallel structural organization since the eradication of all 
of the clonogenic cells is required. Furthermore, in complex multi-target cancer cases, the 
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eradication of all the clonogenic cells in tumours implies that every individual tumour has 
to be eradicated. This implication indicates a parallel organization fashion for the tumours. 
Taking this assumption into account the overall probability of tumour control (PB), is given 
by the expression (Lind et al. 1999, Mavroidis et al. 2000): 
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where B
jP  is the probability of eradicating tumour j and Ntumours is the total number of 

tumours or targets involved in the clinical case. 
To evaluate the effectiveness of the treatment plans, the concept of P+, which expresses the 
probability of achieving tumour control without causing severe damage to normal tissues 
(Källman et al. 1992a), was employed. Using the quantities PB and PI, which were defined 
above, the P+ can be estimated from the following expression: 

 + B B I B IP P P P P     (4) 

This concept is based on the accuracy of the models to calculate the probabilities PB and PI 
and the radiobiological parameters, which describe the dose-response relations of the 
different tumours and normal tissues.  
As a measure of the quality of a treatment plan, the mean doses and their standard 
deviations to the target volumes and organs at risk are usually reported, together with the 
minimum and maximum doses as well as some DVH-based constraints. In addition to those 
parameters, the present radiobiological treatment plan evaluation uses the D  concept, 
which is defined as the dose that causes the same tumour control or normal tissue 
complication probability as the actual dose distribution given to the patient and it is derived 
numerically from the following expression (Mavroidis et al. 2000, 2001):  

 B B B( ) ( )D DP P


 (5) 

where D


 denotes the 3-dimensional dose distribution. This definition is a generalization of 
the effective uniform dose, Deff introduced by Brahme (Brahme 1984). By normalizing 
treatment plans to a common prescription point ( D ) and then plotting out the tissue 
response probability vs. D  curves, a number of plan trials can be compared based on 
radiobiological endpoints. 
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eradication of all the clonogenic cells in tumours implies that every individual tumour has 
to be eradicated. This implication indicates a parallel organization fashion for the tumours. 
Taking this assumption into account the overall probability of tumour control (PB), is given 
by the expression (Lind et al. 1999, Mavroidis et al. 2000): 
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where B
jP  is the probability of eradicating tumour j and Ntumours is the total number of 

tumours or targets involved in the clinical case. 
To evaluate the effectiveness of the treatment plans, the concept of P+, which expresses the 
probability of achieving tumour control without causing severe damage to normal tissues 
(Källman et al. 1992a), was employed. Using the quantities PB and PI, which were defined 
above, the P+ can be estimated from the following expression: 

 + B B I B IP P P P P     (4) 

This concept is based on the accuracy of the models to calculate the probabilities PB and PI 
and the radiobiological parameters, which describe the dose-response relations of the 
different tumours and normal tissues.  
As a measure of the quality of a treatment plan, the mean doses and their standard 
deviations to the target volumes and organs at risk are usually reported, together with the 
minimum and maximum doses as well as some DVH-based constraints. In addition to those 
parameters, the present radiobiological treatment plan evaluation uses the D  concept, 
which is defined as the dose that causes the same tumour control or normal tissue 
complication probability as the actual dose distribution given to the patient and it is derived 
numerically from the following expression (Mavroidis et al. 2000, 2001):  

 B B B( ) ( )D DP P


 (5) 

where D


 denotes the 3-dimensional dose distribution. This definition is a generalization of 
the effective uniform dose, Deff introduced by Brahme (Brahme 1984). By normalizing 
treatment plans to a common prescription point ( D ) and then plotting out the tissue 
response probability vs. D  curves, a number of plan trials can be compared based on 
radiobiological endpoints. 
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1. Introduction 
Prostate cancer is the most frequently diagnosed malignancy in North America and second 
leading cause of cancer-related death (Jemal et al., 2010). Despite effective local therapy, 
prostate cancer often recurs. Standard therapy for recurrent or metastatic prostate cancer 
remains androgen deprivation therapy (ADT) which is highly effective but not durable 
(Sharifi et al., 2005). All patients will eventually progress to castrate resistant prostate cancer 
(CRPC) where there are few treatment options and until recently survival was a dismal 12-
18 months (Tannock et al., 1996). In this chapter we will review the current treatment 
approaches for CRPC, but focus primarily on the newly approved options available in the 
post-docetaxel setting. 
Castrate-resistant prostate cancer (CRPC) is defined as prostate cancer progression 
despite ADT and may present with either increasing serum prostate-specific antigen 
(PSA) levels, radiologic progression, and/or the appearance of new metastases (Saad and 
Hotte, 2010). Over the years, advanced prostate cancer has been referred to as hormone-
resistant prostate cancer (HRPC) or androgen-insensitive prostate cancer (AIPC), but the 
name has changed to CRPC to reflect the fact that intracrine/paracrine androgen 
production and signaling pathways play an important role in mediating resistance to first 
line ADT. CRPC presents as a spectrum of diseases ranging from patients with rising PSA 
alone, without metastases or symptoms to patients with rising PSA, progressive 
metastatic disease and significant symptoms. In patients who develop CRPC and who are 
relatively asymptomatic, secondary hormonal treatments may be attempted. To date, no 
study of secondary hormone treatment has demonstrated survival benefits, but most trials 
have been small, underpowered and confounded by the use of subsequent treatments. In 
patients who are progressing on ADT, discontinuation of antiandrogens, introduction of 
low dose prednisone or ketoconazole to block production of adrenal androgens, can offer 
transient PSA responses and palliative benefits in 30% to 35% of patients (Storlie et al., 
1995; Small et al., 2004; Heng and Chi, 2006). 
For CRPC patients with symptoms, rapid PSA progression or visceral disease, docetaxel 
chemotherapy and prednisone is currently considered standard of care. Docetaxel is a 
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member of the taxane family of drugs which binds to tubulin and causes microtubule 
stabilization, leading to cell cycle arrest in the G2/M phase and subsequently cell death 
(Jordan et al., 1993). Docetaxel is adminstered every three weeks intravenously at a dose of 
75mg/m2 with oral prednisone 5 mg twice daily. This is based on two pivotal randomized 
phase III trials, the TAX 327 trial and the SWOG 9916 trial. TAX 327 randomized more than 
1000 patients to receive docetaxel plus prednisone (weekly or every 3 weeks) or 
mitoxantrone plus prednisone (the previous first-line option). The every 3 week docetaxel 
arm had a median survival of 18.9 months compared with 16.5 months in the mitoxantrone 
arm. PSA response rates (defined as  50% drop in serum PSA level) were 48% in the 
docetaxel group and 32% in the mitoxantrone arm (Tannock et al., 2004). In the SWOG 9916 
study, 770 patients were randomized to receive either docetaxel plus estramustine and 
prednisone or mitoxantrone plus prednisone. Again the median overall survival was longer 
(17.5 months vs. 15.6 months, P=0.02 by the log-rank test) and PSA response rates were 
higher (50% vs. 27%, P<0.001) with docetaxel compared with mitoxantrone (Petrylak et al., 
2004). Given the efficacy of docetaxel as a single agent and potential thromboembolic 
toxicity from the addition of estramustine, docetaxel alone with daily prednisone became 
the standard approach. Although in the trial setting, patients received up to 10 cycles of 
treatment, in routine practice where patients are less fit, an average of 7 cycles is the length 
of treatment (Chin et al., 2010). Some patients also appear to respond to retreatment with 
docetaxel, raising the concept of docetaxel refractory vs. docetaxel resistant disease (Chin et 
al., 2010). Nonetheless, all patients will eventually develop taxane resistance and progress. 
In the second line setting, mitoxantrone chemotherapy has palliative benefits, but does not 
offer a survival advantage, underscoring the need for new strategies in the post-docetaxel 
setting (Tannock et al., 1996). 
Much of the research in the post-docetaxel setting has focused on understanding taxane 
resistance. Several mechanisms have been proposed including alterations in both 
docetaxel uptake and retention in cells; changes to tubulin affecting binding sites for 
docetaxel; and changes in the androgen receptor (AR), which may also contribute in part 
to the anticancer activity of docetaxel (Gan and Kavallaris, 2008; Seruga et al., 2010). 
Strategies aimed at overcoming taxane resistance may extend the therapeutic benefit of 
the taxanes in CRPC. 

2. Cabazitaxel 
Cabazitaxel is a new semi-synthetic derivative of the taxoid 10-deacetylbaccatin-III, which 
like docetaxel binds to and stabilizes tubulin. But, unlike docetaxel is a poor substrate for the 
P-glycoprotein drug efflux pump and may also have enhanced penetration through the 
blood-brain barrier (Niraula and Tannock, 2011). In a Phase 1 trial of cabazitaxel the dose 
limiting toxicity at 25 mg/m2 every 3 weeks was grade 4 neutropenia, and the common 
non-hematologic adverse events included low grade diarrhea (52%), nausea (40%) and 
vomiting (16%). Two patients with CRPC, including one previously treated with docetaxel 
showed a partial response (Mita et al., 2009). 
A phase III multicenter, multinational trial comparing cabazitaxel with mitoxantrone in 
the second line setting was conducted with a primary endpoint of overall survival (OS) 
(de Bono, 2010). Cabazitaxel significantly improved median OS compared with 
mitoxantrone (15.1 months vs 12.7 months, respectively; HR 0.72; 95% CI 0.61-0.84; 

 
Current Options and Future Directions in Castrate Resistant Prostate (CRPC) 

 

265 

p<0.0001). Secondary endpoints including progression free survival (PFS) (2.8 months vs 
1.4 months), response rate (14.4% vs 4.4%; p=0.005), and median time to progression 
(TTP) by tumor assessment (8.8 months vs. 5.4 months; p<0.0001) also favored cabazitaxel. 
From a toxicity standpoint febrile neutropenia, neutropenia, leukopenia and diarrhea 
were more common in the cabazitaxel arm. One major concern with cabazitaxel however 
was a toxic death rate of 5% compared to only 1.9% for mitoxantrone. As cabazitaxel 
moves out of the controlled clinical trial setting into general use, early and proactive 
management of the toxicites will be critical. Cabazitaxel was FDA approved in 2010 for 
patients progressing on or after docetaxel. In the same year, a second drug, Abiraterone 
was also approved for use in the post-docetaxel setting. 

3. Abiraterone 
Over the last decade there has been a paradigm shift in the approach to CRPC, where 
despite castrate testosterone levels, there appears to be continued androgen receptor 
expression and signaling, suggesting that the androgen receptor axis is still a rational 
therapeutic target. In CRPC, androgens are mainly produced by the adrenal glands and by 
the prostate cancer cells themselves. This occurs by the sequential conversion of cholesterol 
to dihydrotestosterone and testosterone. This conversion is mediated by the CYP17 enzyme, 
which when inhibited can block androgen production. Ketoconazole, an antifungal agent, 
was the first generation CYP17 inhibitor that was tested in prostate cancer, with some 
benefit, but to date no studies have confirmed a survival benefit. On the other hand, 
abiraterone acetate (abiraterone), an oral, irreversible and more selective inhibitor of CYP17 
has shown very encouraging results in the post-docetaxel setting. 
In Phase I/II testing of abiraterone, there were no dose limiting toxicities, the main side 
effects were hypokalemia and lower-limb edema (due to the mineralocorticoid excess from 
the upstream inhibition of 17 alpha-hydroxylase), and antitumor activity was seen at all 
dose levels (Ryan et al., 2010). A Phase III double blind, randomized, placebo-controlled trial 
of abiraterone 1000 mg daily plus prednisone (to avoid the mineralocorticoid related effects) 
versus prednisone alone, with the primary endpoint of OS was initiated (de Bono et al., 
2011). In total, 1,195 post-docetaxel CRPC patients were accrued, and treated until clinical or 
radiographic disease progression. Of note, biochemical progression alone (rising PSA) was 
not considered sufficient for discontinuation of the study drug. Interim analysis 
demonstrated increased median OS in the abiraterone arm, at 14.8 months compared to 10.9 
months (HR 0.65, 95% CI 0.54-0.77) for prednisone leading to early termination of the trial. 
Other key endpoints including PSA response, time to PSA progression and radiographic 
progression free survival were all significantly improved in the abiraterone arm. Time to 
skeletal related events (SRE), defined as pathologic fracture, spinal cord compression, or 
palliative radiation therapy or surgery also favored the abiraterone arm. Mineralocorticoid 
related adverse events, consisting of hypertension and hypokalemia were more common in 
the abiraterone arm, but grade 3+ events were infrequent. A second Phase III trial of 
abiraterone in the pre-docetaxel setting has closed to accrual and results will likely be 
available in 2012. 
Since both abiraterone and cabazitaxel are now approved in the post-docetaxel setting, a 
key question will be to determine the optimal sequencing of these agents. At this point it 
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will likely be done on a case by case basis after careful consideration of the rate of 
disease progression, overall burden of disease, performance status and toxicity profile of 
either drug. 

4. Sipuleucel-T 
Aside from cytotoxic therapies and androgen deprivation approaches, immunotherapy has 
emerged in prostate cancer drug development. Sipuleucel-T (Provenge, Dendreon) is an 
immunotherapy that can enhance response to the prostate cell tumor antigen, prostatic acid 
phosphatase. Generation of the immunotherapy involves collection of peripheral blood cells 
by leukophoresis and subsequent exposure to prostatic acid phosphatase and granulocyte 
macrophase colony stimulating growth factor. The cells are then reintroduced into the 
patient. Sipuleucel-T is an autologous dendritic cell vaccine which enhances prostatic acid 
phosphatase related T cell response. 
Encouraging phase I/II trial results led to the pivotal randomized, double-blind, placebo-
controlled, multicenter trial (Study 9902B) known as the IMPACT trial (Immunotherapy for 
Prostate Adenocarcinoma Treatment), with a primary endpoint of overall survival (Kantoff 
et al., 2010). All patients underwent three leukapheresis procedures (Weeks 0, 2, and 4), 
followed 3 days later by either sipuleucel-T or the non-activated control. Eligible CRPC 
patients had metastatic disease in soft tissue and/or bone with evidence of radiologic or 
biochemical disease progression. Patients with moderate to severe prostate cancer-related 
pain and/or use of narcotics were excluded. Tumor expression of prostatic acid phosphatase 
of 25% or more was required. Five hundred twelve patients were randomized (2:1) to 
sipuleucel-T (n=341) or control (n=171). The sipuleucel-T arm had a 4.l months 
improvement in median overall survival (25.8 mos versus 21.7 mo, p= 0.032, HR 0.775, 95% 
CI 0.61, 0.98). There was no difference in time-to-progression. Common adverse events (AE) 
for sipuleucel-T were mild or moderate and included chills, fatigue, fever, back pain, 
nausea, joint ache and headache. Serious adverse reactions (SAE) more common with 
sipuleucel-T were acute infusion reactions and stroke. Similar survival and tolerability 
results were seen in two additional trials, which ultimately led to approval by the US Food 
and Drug Administration in 2010 (Small et al., 2006; Higano et al., 2009). Priced at $31,000 per 
treatment, Sipuleucel-T is one of the most expensive treatments ever, and as such may not 
be as widely available as either abiraterone or cabazitaxel. 

5. Zoledronic acid 
Over the last 10 years, there has also been growing interest in the issue of bone health in 
prostate cancer as it is known that both androgen deprivation therapy, and bony metastases 
can promote bone destruction. Zoledronic acid, is a nitrogen-containing bisphosphonate 
that inhibits osteoclast-mediated bone resorption. In a randomized placebo controlled 
clinical trial in men with CRPC and bone metastases, zoledronic acid reduced skeletal 
related events and decreased bone pain leading to its approval by the FDA in 2002 (Saad et 
al., 2002). Bone resorption is a process that is dependent on RANK Ligand, a protein that 
acts as the primary mediator of osteoclast formation, function and survival. Preclinical 
models have demonstrated that inhibiting RANK Ligand significantly improves cortical and 
trabecular bone density, volume and strength. Studies with a novel bone targeting agent 
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known as Denosumab have been encouraging, and offers another agent to address the bone 
complications of prostate cancer. 

6. Denosumab 
Denosumab is a fully humanized monoclonal antibody against the RANK ligand. RANK 
plays a major role in osteoclast activation. In the phase III trial of 1901 CRPC patients with 
one or more metastases, compared to zoledronic acid, denosumab delayed time to skeletal 
related events by approximately 3 months with a 2.3% incidence of osteonecrosis of the jaw 
compared to 1.3% in the zoledronic acid arm. Notably, there was no difference in overall 
survival (Fizazi et al., 2011). This phase III study garnered FDA approval for Denosumab for 
the prevention of skeletal related events (SRE) in CRPC patients with bone metastases. 
Denosumab is also being evaluated for its ability to delay the development of bone 
metastases in CRPC patients. A third role for denosumab may be in protecting against ADT 
related osteoporosis. In this study, 912 patients on ADT received denosumab 60 mg 
subcutaneously every 6 months. At 24 months followup, denosumab was associated with 
increased bone mineral density at all sites and a reduction in the incidence of new vertebral 
fractures (Smith et al., 2009). Denosumab also offers the benefit of being subcutaneously 
administered, and this might be an advantage for patients who are not otherwise requiring 
intravenous treatments. 

7. Summary 
There has been a significant increase in the number of treatment options available to men 
with CRPC. These advancements have included therapies with new taxane derivatives, 
drugs targeting the androgen axis, immunotherapy and bone targeting agents. 
Cabazitaxel, abiraterone and sipuleucel-T all show survival benefits, while Denosumab 
appears to reduce the risk of new bone metastases and skeletal related events in CRPC 
patient with bone metastases. But, with these new options comes new questions, such as, 
what is the optimal sequencing of these agents. As sequencing strategies become 
increasingly common, comparison of survival against historic data in addition to 
comparison of outcomes between newer agents and their associated trials will become 
increasing difficult to analyze. Whether results in the post docetaxel setting will be 
replicated in the chemonaive prostate cancer population awaits further definition. Also it 
is unclear if any of these agents will work better in combination with each other or with 
other molecular targeted therapies, although to date the latter have been disappointing in 
prostate cancer. What is very exciting however, is the fact that through drug development 
new information has become available enhancing our understanding of tumor 
progression in prostate cancer. Future areas of exploration include the use of newer 
agents in the prechemotherapy and neoadjuvant setting, using objective biologic 
endpoints such as pathologic response and radiographic response over short treatment 
intervals. Defining new endpoints may assist in circumventing the eventual difficulty in 
proceeding with large trials of heterogeneous patients in whom a placebo controlled trial 
design may not be feasible. Lastly, as the understanding of the molecular drivers of 
disease progression become increasingly understood, molecular markers that may serve 
as surrogate clinical trial endpoints may emerge, further enhancing a flourishing field. 
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can promote bone destruction. Zoledronic acid, is a nitrogen-containing bisphosphonate 
that inhibits osteoclast-mediated bone resorption. In a randomized placebo controlled 
clinical trial in men with CRPC and bone metastases, zoledronic acid reduced skeletal 
related events and decreased bone pain leading to its approval by the FDA in 2002 (Saad et 
al., 2002). Bone resorption is a process that is dependent on RANK Ligand, a protein that 
acts as the primary mediator of osteoclast formation, function and survival. Preclinical 
models have demonstrated that inhibiting RANK Ligand significantly improves cortical and 
trabecular bone density, volume and strength. Studies with a novel bone targeting agent 
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known as Denosumab have been encouraging, and offers another agent to address the bone 
complications of prostate cancer. 

6. Denosumab 
Denosumab is a fully humanized monoclonal antibody against the RANK ligand. RANK 
plays a major role in osteoclast activation. In the phase III trial of 1901 CRPC patients with 
one or more metastases, compared to zoledronic acid, denosumab delayed time to skeletal 
related events by approximately 3 months with a 2.3% incidence of osteonecrosis of the jaw 
compared to 1.3% in the zoledronic acid arm. Notably, there was no difference in overall 
survival (Fizazi et al., 2011). This phase III study garnered FDA approval for Denosumab for 
the prevention of skeletal related events (SRE) in CRPC patients with bone metastases. 
Denosumab is also being evaluated for its ability to delay the development of bone 
metastases in CRPC patients. A third role for denosumab may be in protecting against ADT 
related osteoporosis. In this study, 912 patients on ADT received denosumab 60 mg 
subcutaneously every 6 months. At 24 months followup, denosumab was associated with 
increased bone mineral density at all sites and a reduction in the incidence of new vertebral 
fractures (Smith et al., 2009). Denosumab also offers the benefit of being subcutaneously 
administered, and this might be an advantage for patients who are not otherwise requiring 
intravenous treatments. 

7. Summary 
There has been a significant increase in the number of treatment options available to men 
with CRPC. These advancements have included therapies with new taxane derivatives, 
drugs targeting the androgen axis, immunotherapy and bone targeting agents. 
Cabazitaxel, abiraterone and sipuleucel-T all show survival benefits, while Denosumab 
appears to reduce the risk of new bone metastases and skeletal related events in CRPC 
patient with bone metastases. But, with these new options comes new questions, such as, 
what is the optimal sequencing of these agents. As sequencing strategies become 
increasingly common, comparison of survival against historic data in addition to 
comparison of outcomes between newer agents and their associated trials will become 
increasing difficult to analyze. Whether results in the post docetaxel setting will be 
replicated in the chemonaive prostate cancer population awaits further definition. Also it 
is unclear if any of these agents will work better in combination with each other or with 
other molecular targeted therapies, although to date the latter have been disappointing in 
prostate cancer. What is very exciting however, is the fact that through drug development 
new information has become available enhancing our understanding of tumor 
progression in prostate cancer. Future areas of exploration include the use of newer 
agents in the prechemotherapy and neoadjuvant setting, using objective biologic 
endpoints such as pathologic response and radiographic response over short treatment 
intervals. Defining new endpoints may assist in circumventing the eventual difficulty in 
proceeding with large trials of heterogeneous patients in whom a placebo controlled trial 
design may not be feasible. Lastly, as the understanding of the molecular drivers of 
disease progression become increasingly understood, molecular markers that may serve 
as surrogate clinical trial endpoints may emerge, further enhancing a flourishing field. 
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1. Introduction 
Prostate cancer currently stands as the most frequently diagnosed solid tumor in men, and 
remains one of the leading causes of cancer mortality in men in the Western world, accounting 
for an estimated 32,050 deaths in the United States in 2010 (Jemal et al., 2010). With the well-
known use of serum prostate-specific antigen (PSA) as a screening tool, men are being 
diagnosed with earlier stage disease at younger ages. However, a significant number of men 
continue to be diagnosed with high-risk localized prostate cancer. Radical prostatectomy, 
radiotherapy, cryotherapy, high-intensity focused ultrasound, radiation therapy, and 
androgen deprivation as well as androgen receptor blockade have been the mainstays of 
treatment for cancer patients with localized and androgen-dependent prostate cancer. 
As prostate cancer cell growth is androgen dependent, its deprivation is an important 
therapeutic strategy. However, long-term androgen-ablation results in androgen-
independent cancer cell growth in metastatic patients, leading to hormone refractory 
prostate cancer (HRPC) (Sonpavde et al., 2006). Prostate cancer tends to invade the pelvic 
lymph nodes and spread to distant organs, mainly via the blood stream, showing a strong 
predilection for bones (Koutsilieris, 1993;Sourla et al., 1996). This disease frequently 
metastasizes to bone and almost invariably progresses from an androgen-sensitive to an 
androgen-independent status, greatly limiting therapeutic options and significantly 
reducing life expectancy in patients. Skeletal metastases occur in more than 80% of cases of 
advanced-stage prostate cancer and they confer a high level of morbidity. Metastasis of 
prostate cancer, like that of other solid tumors, involves multiple steps, including 
angiogenesis, local migration, invasion, intravasation, circulation and extravasation of 
tumor cells and then angiogenesis and colonization in the new site. Treatment-naive 
metastatic prostate cancer is largely sensitive to androgen-deprivation therapy (ADT), but 
the effectiveness of ADT is temporary, and tumors in the majority of patients eventually 
relapse and evolve into castration-resistant prostate cancer (CRPC), from which most 
patients die (Eisenberger and Walsh, 1999). These tumors eventually become incurable or 
resistant to antihormonal therapy. Indeed, there is an association between ADT and high 
risk of cardiovascular disease and mortality, and men with a history of recent or active 
cardiac disease are particularly at risk (Saigal et al., 2007). In men with a history of coronary 
artery disease, chronic heart failure, or myocardial infarction, ADT was associated with an 
increased risk of mortality (Nguyen et al., 2011). Continuous ADT use for at least 6 months 
in older men is also associated with an increased risk of diabetes and fragility fracture 
(Alibhai et al., 2009). For this reason, new agents and therapeutic modalities are needed, 
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including non-hormonal systemic chemotherapy, which can provide another option for 
patients with non-localized HRPC or CRPC. 

2.1 Chemotherapeutic agents 
Chemotherapy is often used as a main regimen in the overall treatment of most cancers. In 
the past, clinical trial design has focused on sequential development of chemotherapeutic 
drugs based on symptoms and number of prior therapies. There are four chemotherapeutic 
agents that the US Federal Drug Administration (FDA) approved for CRPC: estramustine, 
mitoxantrone, docetaxel and cabaxitaxel. 

2.2 Docetaxel 
Chemotherapy, using Taxotere (docetaxel), a member of taxane family, remains the 
standard option for patients at the advanced stages, in particular, HRPC (Schurko and Oh, 
2008). As of April 2010, only one approved chemotherapeutic agent, docetaxel, showed 
promising results in improving survival in patients with metastatic CRPC (Abdulla and 
Kapoor, 2011). This drug is a microtubule-polymerizing agent with a well-established 
antimitotic chemotherapy action. It causes downregulation of  anti-apoptotic protein, Bcl-2  
(Li et al., 2005;Schiff and Horwitz, 1980;Schurko and Oh, 2008;Stein, 1999;Yoo et al., 2008), 
enhances the apoptosis induced by “tumor necrosis factor-related apoptosis-inducing ligand” 
(TRAIL) (Yoo et al., 2008), down regulates genes involved in cell cycle progression (cyclin A, 
cyclin F, CDC2, CDK2, BTG, etc.), transcription factors (transcription factor A, ATF5, TAF 1 
31L, etc.), oncogenes (GRO, BRCA1, p120, etc.) and apoptosis as GADD45A (Li et al., 2005;Stein, 
1999;Yoo et al., 2008). A recent study showed that docetaxel upregulates p53 and p21 in a p38-
dependent manner to desensitize prostate cancer cells (Gan et al., 2011). The p38/p53/p21 
signaling pathway could be important for regulating the susceptibility towards docetaxel in 
prostate cancer. Docetaxel regimens have been shown to increase survival compared to 
previous treatment modalities in HRPC, although prognosis remains poor and median 
survival ranges from 10 to 20 months (Petrylak et al., 2004;Tannock et al., 2004). Cancer cells 
become resistant to taxanes and other microtubule-binding chemotherapeutic agents and 
therefore docetaxel therapy is limited. Makarovskiy et al. found that continuity of docetaxel 
exposure induces the formation of resistant giant multinucleated clones (Makarovskiy et al., 
2002). Lack of curative treatments at the advanced prostate cancer, underline the importance of 
additional trials for the successful development of an effective therapeutic approach. Another 
study showed that docetaxel and sodium selenite combination plays an antiproliferative 
synergistic and additive cell death effect (Freitas et al., 2011). That study suggested that 
docetaxel and sodium selenite combination may be more effective in prostate cancer 
treatment than docetaxel alone warranting further evaluation of this combination in prostate 
cancer therapeutic approach. 
Docetaxel in combination with prednisone compared with mitoxantrone in combination with 
prednisone yielded an extension in median survival with HRPC, however, patients eventually 
developed progressive disease associated with poor outcomes (Berthold et al., 2008). 
Carbazitaxel, a tubulin-binding semi-synthetic taxane, is the first drug to improve survival in 
patients with metastatic CRPC whose disease has progressed during or after docetaxel-based 
therapy, providing a 30% reduction in the risk of death and an improved median overall 
survival compared with mitoxantrone (de Bono et al., 2010). Carbaxitaxel in combination with 
prednisone was approved by the FDA in June 2010 for the treatment of patients with 
metastatic CRPC who had been previously treated with docetaxel (Wu et al., 2011). 
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Although there are several options after failing hormone therapy to help achieve disease 
control, HRPC remains incurable, and there continues to be an ongoing need for the 
development of new therapies that provide significant survival benefits without severely 
impacting quality of life. Today, not only are hormonal and cytotoxic treatment modalities 
available to patients with metastatic CRPC, but also more novel treatments in the areas of 
immune and targeted therapies are being offered. Newer agents currently being 
investigated for their potential role in metastatic CRPC are sipuleucel T (an autologous 
dendritic cell-based vaccine), denosumab (antibody), abiraterone (hormonal therapy), TAK-
700 (hormonal therapy), MDV3100 (hormonal therapy) and ipilimumab (immune therapy), 
zibotentan (endothalin-receptor antagonists) and dasatinib (tyrosine kinase inhibitor). 

2.3 Doxorubicin 
Anthracyclines rank among the most important chemotherapeutic drugs with a large 
spectrum of antitumor activity, including prostate cancer. The precise mechanisms of action of 
anthracyclines in tumor cells remain a matter of controversy. The suggested mechanisms 
include (i) DNA intercalation, leading to inhibition of synthesis of macromolecules; (ii) 
generation of reactive oxygen species (ROS), leading to DNA damage or lipid peroxidation; 
(iii) DNA binding and alkylation; (iv) DNA cross-linking; (v) interference with DNA 
unwinding or DNA strand separation and helicase activity; (vi) direct membrane effects; (vii) 
initiation of DNA damage via inhibition of topoisomerase II; and (viii) induction of apoptosis 
in response to topoisomerase II inhibition (Takemura and Fujiwara, 2007). Doxorubicin (DOX, 
Adriamycin) and its analogue epirubicin, or 4-epidoxorubicin, are the most potent 
anthracyclines, and have a broad spectrum of activity against solid tumors and hematological 
malignancies. Monotherapy with DOX or in combination with other agents, have been used 
extensively for the treatment of HRPC, however, controversial results have been reported 
(Petrioli et al., 2008). Acquisition of chemoresistance remains one of the major problems of 
chemotherapy failure in cancer patients. Therefore, there is an urgent need to identify a 
strategy that can overcome chemoresistance and sensitize tumor cells to chemotherapeutic 
agents. For this reason, a clinical chemotherapeutic regimen consisting of a combination of 
drugs can achieve a higher therapeutic efficacy than that provided by a single drug. 

2.4 Cardiotoxicity 
Despite its clinical efficacy, the use of DOX is associated with their severe toxicity, including a 
myelosuppression and dose-dependent delayed and progressive irreversible cardiomyopathy 
often observed several years after cessation of treatment eventually results in refractory 
cardiac dysfunction (Steinherz et al., 1991;Steinherz et al., 1995). It has been shown that DOX 
induces cardiomyopathy and heart failure in >30% patients receiving 500 mg/m2 or higher 
cumulative doses (Menna et al., 2011;Minotti et al., 2004). The molecular basis for this 
cardiotoxic effect remains a matter of debate. Several hypotheses have been suggested to 
explain the acute and chronic cardiotoxicity of DOX; these include the increased level of ROS 
and lipid peroxidation by DOX-iron cmplexes (Myers, 1998), along with a reduction in the 
levels of antioxidants and sulfhydryl groups (Takemura and Fujiwara, 2007), alterations in 
cardiac muscle gene expression, sensitization of Ca2+ release from sarcoplasmic reticulum 
channels, mitochondrial DNA damage and dysfunction and alteration of membrane 
potentials, and induction of apoptosis (Arola et al., 2000;Burke et al., 2002;Kumar et al., 
2001;Olson and Mushlin, 1990). Of these options, the free radical and ROS hypothesis of 
DOX-induced cardiotoxicity has gained the most support in previous studies. 
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The target organelles of DOX toxicity in cardiomyocytes are mitochondria wherein DOX 
accumulates with time (Kalyanaraman et al., 2002;Konorev et al., 1999). DOX-induced 

cardiomyopathy occurs predominantly via the generation of ROS in the cardiomyocyte 
mitochondria, a mechanism that is separate from its antineoplastic activity, which occurs 

primarily through inhibition of topoisomerase II (Myers, 1998). DOX is known to generate free 
radicals either by redox cycling between a semiquinone form and a quinone form or by 
forming a DOX-Fe3+ complex (Davies and Doroshow, 1986). In both pathways, molecular 
oxygen is reduced to superoxide anion (O2- ·), which is converted to other forms of reactive 
oxygen species such as hydrogen peroxide (H2O2) and hydroxyl radical (OH·). Mitochondrial 
enzymes (e.g. NADH dehydrogenase) activate DOX by converting it to the corresponding 
semiquinone which generates superoxide in the presence of molecular oxygen. The 
dismutation of the superoxide, spontaneous or catalyzed by superoxide dismutase (SOD) 
enzymes, generates hydrogen peroxide in mitochondria (Kalyanaraman et al., 2002). The heart 
is particularly vulnerable to free radical injury because the drug causes the disappearance of 
cardiac glutathione peroxidase, leaving the heart with no means of disposing of the hydrogen 
peroxide (Myers, 1998). These free radicals could then cause membrane and macromolecule 
damage, both of which lead to injury to the heart, an organ that has a relatively low level of 
antioxidant enzymes such as SOD and catalase (Doroshow et al., 1980). Several studies 
demonstrated that DOX-induced cardiotoxicity can be largely reduced by the overexpression 
of the antioxidant enzymes mitochondrial superoxide dismutase (MnSOD), metallothionein, 
or catalase (Kang et al., 1996;Kang et al., 1997;Yen et al., 1996). Moreover, free radical scavengers 
including probucol, amifostine, and dexrazoxane have demonstrated protection from 
doxorubicin-induced cardiotoxicity, further substantiating the role of ROS in DOX-induced 

cardiotoxicity (Koning et al., 1991;Kumar et al., 2001;Nazeyrollas et al., 1999). On the other 
hand, all of these agents have pronounced clinical disadvantages, including a significant 

decline in high-density lipoprotein (HDL) levels, an inability to prevent DOX-induced 

mortality and weight loss, and potentiation  of myelosuppression (Liu et al., 2002b). 
DOX induce cardiotoxicity ultimately results in myocyte apoptosis which plays an 
important role in the development of heart failure (Hosseinzadeh et al., 2011;Mizutani et al., 
2005;Spallarossa et al., 2004;Spallarossa et al., 2009). In fact, apoptosis contributes to 
cardiomyocyte loss, which eventually leads to structural changes maladaptive to normal 
cardiac physiological demands (Narula et al., 1996;Singal et al., 2000). Strategies for the 
prevention of DOX-induced cardiotoxicity during chemotherapy have focused on three 
main approaches: dose optimization, synthesis of analogues and combination therapy. 
However, none of the analogues available clinically appear to have any advantage over 
DOX (Weiss, 1992); a better anthracycline has yet to be found. Today, liposomal 
formulations of anthracyclines are available; treatments have lower toxicity profiles, 
especially in terms of cardiac side-effects (Safra, 2003). The activity of anthracyclines is 
therefore an area worthy of further research in this clinical setting. 

3.1 PDE-5 inhibitors 
Cyclic nucleotide phosphodiesterases (PDEs) are a family of related phosphohydrolases that 
selectively catalyze the hydrolysis of the 3’ cyclic phosphate bonds of cAMP and cGMP, 
second messengers in the cell (Bender and Beavo, 2006). The PDE enzymes, of at least 11 types, 
are ubiquitous through out the body, and perform a variety of functions (Kukreja et al., 2004). 
PDE-5 is the primary enzyme in the corpus cavernosum, and plays a crucial role in vascular 
smooth muscle contraction through controlling the rate of hydrolyzation and subsequent 
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degradation of cGMP (Bender and Beavo, 2006). Three widely prescribed PDE-5 inhibitors, 
sildenafil (Viagra), vardenafil (Levitra), and tadalafil (Cialis), have proven very effective for the 
treatment of erectile dysfunction (ED) in men (Boolell et al., 1996;Porst et al., 2001;Porst et al., 
2003) and more recently for pulmonary artery hypertension (Galie et al., 2005;Galie et al., 2010). 
In the lung, inhibition of PDE-5 opposed smooth muscle vasoconstriction and attenuated the 
rise in pulmonary artery pressure and vascular remodeling (Sebkhi et al., 2003). 
Several studies have shown that PDE-5 inhibitors induce a preconditioning-like effect  
against ischemia/reperfusion (I/R) injury in the intact heart and adult cardiomyocytes 
(Bremer et al., 2005;Das et al., 2004;Das et al., 2005;Das et al., 2008;Das et al., 2009;Ockaili et al., 
2002;Salloum et al., 2003;Salloum et al., 2007;Salloum et al., 2008). The mechanisms of 
cardioprotection include nitric oxide (NO) generation by activation of eNOS/iNOS 
(endothelial nitric oxide synthase/inducible nitric oxide synthase), activation of protein 
kinase C, cGMP-dependent protein kinase (PKG) and ERK, and inactivation of GSK3β and 
opening of the mitoKATP channels (Das et al., 2004;Das et al., 2005;Das et al., 2008;Das et al., 
2009;Ockaili et al., 2002;Salloum et al., 2003). PDE-5 inhibition attenuated cardiomyocytes cell 
death resulting from necrosis and apoptosis after SI-RO (simulated ischemia and 
reoxygenation) by NOS-dependent up-regulation of the Bcl-2/Bax ratio (Das et al., 2005). 
Sildenafil attenuated ischemic cardiomyopathy in mice by limiting necrosis and apoptosis 
and by preserving left ventricular (LV) function possibly through a NO-dependent pathway 
following myocardial infarction by left anterior descending coronary artery ligation 
(Salloum et al., 2008). Tadalafil also limits myocardial I/R injury and dysfunction through 
hydrogen sulfide (H2S) signaling in a PKG-dependent fashion (Salloum et al., 2009). 

3.2 PDE-5 inhibitors protect against DOX-induced cardiomyopathy 
Sildenafil attenuated cardiomyocyte apoptosis and left ventricular (LV) dysfunction in a 
chronic model of DOX-induced cardiotoxicity (Fisher et al., 2005). Treatment with clinically 

relevant doses of sildenafil (0.7 mg/kg IP) prior to DOX treatment inhibited cardiomyocyte 
apoptosis, preserved mitochondrial membrane potential (∆ψm) and myofibrillar integrity, 
prevented of LV dysfunction as well as ST prolongation. Reduction in fractional shortening 
and abnormalities in the nonspecific T wave and ST segment of Electrocardiography (ECG) 
was typically observed in DOX-induced ventricular dysfunction (van Acker et al., 1996). Our 
ECG study indicated the most marked increase in ST interval occurred between week 4 and 
week 8 of DOX treatment. Furthermore, ST interval of sildenafil and DOX groups remained 
unchanged from baseline during the course of the study. This study demonstrated that 
sildenafil significantly protected against ST-interval prolongation throughout the study period. 
Exposure of adult mouse ventricular myocytes to DOX resulted in dissipation of ∆ψm as 
illustrated via JC-1 immunofluorescent staining (Figure 1C, G), which leaded to the induction 
of apoptosis (Figure 1H) compared to control (Figure 1A). In contrast, sildenafil pretreatment 
with DOX demonstrated preservation of the ∆ψm (Figure 1D, G) and reduction of apoptosis 
(Figure 1H). However, sildenafil-induced protection was abolished by NG-nitro-L-arginine 
methyl ester (L-NAME, an inhibitor of NOS) and 5-hydroxydecanoate (5-HD, mitoKATP 
channel blocker). These findings implied that sildenafil-mediated protection from DOX-
induced cardiomyocyte apoptosis is NOS dependent and established a significant role of 
mitoKATP channel opening in sildenafil-induced cardioprotection. Additionally, the anti-
apoptotic protein Bcl-2 was significantly declined after treatment in the DOX group compared 
with the sildenafil + DOX and control groups, suggesting a pivotal role of Bcl-2 in altering the 
pathological process leading to end-stage heart failure. 
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Fig. 1. Effect of sildenafil on ∆ψm and apoptosis in adult mouse ventricular myocyte. A to F, 
JC-1 staining of cardiomyocytes. Red fluorescence represents the mitochondrial aggregate, 
indicating intact mitochondrial membrane potential. Green fluorescence represents the 
monomeric form of JC-1, indicating dissipation of ∆ψm. A, Control; B, sildenafil (1 µmol/L); 
C, DOX (1 µmol/L); D, sildenafil (1 µmol/L) plus DOX (1 µmol/L); E, L-NAME (100 
µmol/L)+sildenafil+DOX; F, 5-HD (100 µmol/L) +sildenafil+DOX; G, ratio of mitochondrial 
aggregates to monomeric form of JC-1; H, Apoptotic Index for TUNEL-positive 
cardiomyocytes. Data are mean±SEM (n=3; magnification X200). Reprinted from Fisher, P. 
W. et al. Circulation 2005;111:1601-1610 with permission. 

More recently, we showed that tadalafil, the long acting PDE-5 inhibitor, also improved LV 
function by preserving fractional shortening (LVFS) and ejection fraction (LVEF) compared 
with DOX-treated mice (Figure 2) (Koka et al., 2010). This study also demonstrated that 
tadalafil improved survival rates in mice without interfering with the anti-tumor effect of 
DOX. Tadalafil prevented cardiomyocyte apoptosis in DOX-induced cardiomyopathy 
through up-regulation of cGMP (Figure 3A) and PKG activity (Figure 3B), by restoring Bcl-2 
and GATA-4 in the myocardium, and by reducing the oxidative stress via the up-regulation 
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of mitochondrial superoxide dismutase (MnSOD). Moreover, tadalafil did not interfere with 
the efficacy of DOX in killing human osteosarcoma cells in vitro or its antitumor effect in vivo 
in tumor xenograft model. These studies suggest that prophylactic treatment with the class 
of PDE-5 inhibitors might become a promising therapeutic intervention for managing the 
clinical concern of DOX-induced cardiotoxicity in patients. 
 

 
Fig. 2. Transthorasic echocardiography represented the effect of tadalafil on ventricular 
contractile dysfunction caused by DOX. A, representative M-mode images for control, DOX 
and tadalafil +DOX- treated mice. B and C, the averaged data of fractional shortening (B) 
and ejection fraction (C) in the mice are presented as mean ± S.E. (n = 6 per group; *, P < 0.05 
versus control; #, P < 0.05 versus DOX). Reprinted from Koka, et al. J Pharmacol Exp Ther. 
2010 Sep 1;334(3):1023-1030 with permission. 
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cardiomyocytes. Data are mean±SEM (n=3; magnification X200). Reprinted from Fisher, P. 
W. et al. Circulation 2005;111:1601-1610 with permission. 
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Fig. 3. Tadalafil augments cGMP and protein kinase G after DOX treatment. cGMP level (A) 
and PKG activity (B) in the cardiac tissue. Results are presented as mean ± S.E. (n = 5–
7/group). *, P < 0.05 versus control; #, P < 0.05 versus DOX group. Partial data reprinted 
from Koka, et al. J Pharmacol Exp Ther. 2010 Sep 1;334(3):1023-1030 with permission. 

3.3 PDE-5 inhibitors in cancer 
Increased PDE-5 expression is reported in multiple human carcinomas including metastatic 
breast cancers, colon adenocarcinoma, bladder squamous carcinoma, and lung cancers as 
compared to adjacent normal tissues (Epstein and Hachisu, 1984;Joe et al., 2003;Lim et al., 
2003;Piazza et al., 2001;Porst et al., 2001;Singer et al., 1976;Whitehead et al., 2003). PDE-5 was 
also detected as a predominant isoform of cGMP-PDEs in many carcinoma cells lines in 
culture, including colonic adenocarcinoma (SW480, HCT116, HT29, T84), breast cancer 
(HTB-26, MCF-7), lung cancer, bladder and prostate cancer (LNCAP, PC-3), and leukemia 
(Thompson et al., 2000;Whitehead et al., 2003;Zhu et al., 2005). These studies suggest a 
functional role of an up-regulated PDE-5 in controlling tumor cell growth and death. PDE-5 
selective inhibitors, sildenafil and vardenafil induced caspase dependent apoptosis and 
antiproliferation in B-cell chronic lymphatic leukemia (Sarfati et al., 2003;Zhu et al., 2005). 
Vardenafil when given in combination with DOX significantly improved the survival and 
reduced the tumor size in the brain-tumor-bearing rats (Black et al., 2008). In this study, oral 
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administration of vardenafil and sildenafil increased the rate of transport of compounds 
across the blood-tumor-brain and improved the efficacy of DOX in treatment of brain 
tumors. The selective increase in tumor capillary permeability appeared to be mediated by a 
selective increase in tumor cGMP levels and increased vesicular transport through tumor 
capillaries, and could be attenuated by iberiotoxin, a selective inhibitor for calcium-
dependent potassium (KCa) channels, that are effectors in cGMP signaling. This study 
supported the use of PDE5 inhibitors as a novel therapy to selectively increase drug 
transport to malignant brain tumors. Another PDE-5 inhibitor, exisulind (sulindac sulfone) 
and its higher affinity analogues also induced apoptosis and inhibited cell proliferation in 
colon tumor cells lines by activating PKG and increasing phosphorylation of β-catenin (Lim 
et al., 2003;Liu et al., 2002a). 
One of the major causes of chemotherapy failure in cancer treatment is multidrug 
resistance (MDR). One of the known causes of MDR is overexpression of the ATP-binding 
cassette (ABC) transporters, such as P-glycoprotein (ABCB1/P-gp/MDR1), multidrug 
resistance proteins (ABCCs/MRPs) and breast cancer resistant protein (ABCG2/BCRP). 
Among these transporters, the ABCB1 transporter is the most important mediator of MDR 
(Ambudkar et al., 2003), and is responsible for chemotherapeutic drug resistance to a 
variety of drugs, including vinca alkaloids, anthracyclines, epipodophyllotoxins and 
taxanes (Szakacs et al., 2006). These transporters actively efflux a variety of structurally 
and functionally diverse chemotherapeutic drugs out of cancer cells, thereby reducing the 
intracellular drug accumulation, increasing the likelihood of decreased cytotoxic and thus 
unsuccessful treatment (Dean et al., 2001;Gillet et al., 2007;O'Connor, 2007). Therefore, a 
promising approach is to inhibit these transporters to restore the sensitivity of drug-
resistant cancer cells to chemotherapeutic drugs, which leads to a more efficacious 
treatment for cancer patients. As a result, a number of compounds have been identified 
with the ability to inhibit individual or several transporters by blocking drug efflux, 
increasing drug accumulation and thus sensitizing resistant cancer cells. Several of these 
agents, including cyclosporine A, VX-710 (biricodar), Verapamil(Germann et al., 
1997;Minderman et al., 2004;Qadir et al., 2005), LY475776 (Dantzig et al., 2004), V-104 and 
GF-120918 (elacridar) (Evers et al., 2000) can inhibit/suppresses the function of multiple 
transporters including ABCB1, ABCC1, and ABCG2. Unfortunately, most of these 
inhibitors have not been translated into clinical trials due to unfavorable side effects, toxic 
pharmacokinetic interactions, or simply because the magnitude of improvement in 
therapeutic outcome of these inhibitors with conventional chemotherapeutic agents is 
either nonsignificant or inconclusive (Szakacs et al., 2006). Several tyrosine kinase 
inhibitors (TKIs), including imatinib (Shen et al., 2009), nilotinib (Tiwari et al., 2009), 
lapatinib (Dai et al., 2008), and erlotinib (Shi et al., 2007), can also reverse MDR to 
antineoplastic drugs mediated by ABC-transporters. However, the reversal potential of 
these TKIs has not been determined in clinical trials. Consequently, there is an urgent 
need for the discovery of more efficacious, non-toxic and less expensive novel agents to 
reverse MDR in cancer cells. Recent study showed that the PDE-5 inhibitor, vardenafil, 
significantly reversed MDR in ABCB1 overexpressing cancer cells, and its efficacy was 
greater than that of tadalafil (Ding et al., 2011). Sildenafil also inhibited cell surface ABC 
transporters ABCB1 and ABCG2-midiated drug efflux, resulting in an increase in the 
intracellular concentrations of anticancer drugs and ensuing drug sensitivity (Shi et al., 
2011). However, sildenafil had no effect on efflux mediated by ABCC1. Based on these 
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Fig. 3. Tadalafil augments cGMP and protein kinase G after DOX treatment. cGMP level (A) 
and PKG activity (B) in the cardiac tissue. Results are presented as mean ± S.E. (n = 5–
7/group). *, P < 0.05 versus control; #, P < 0.05 versus DOX group. Partial data reprinted 
from Koka, et al. J Pharmacol Exp Ther. 2010 Sep 1;334(3):1023-1030 with permission. 
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taxanes (Szakacs et al., 2006). These transporters actively efflux a variety of structurally 
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recent studies, it is reasonable to suggest that sildenafil may have the potential to improve 
the chemotherapeutic outcome of cancer patients by enhancing the distribution and 
accumulation of chemotherapeutic drugs and ensuing drug sensitivity. 

3.4 PDE-5 inhibitors in prostate cancer 
All forms of prostate cancer therapy cause significant risk of erectile dysfunction due to 
trauma sustained by the cavernosal nerves (Rambhatla et al., 2008). As mentioned earlier, 
PDE-5 is the predominant enzyme in the corpus cavernosum and plays an essential role in 
vascular smooth muscle contraction through specific regulation of cGMP. There is an 
increasing amount of evidence suggesting that PDE-5 inhibitors significantly improve 
erectile function in men after post-radical prostatectomy (Mydlo et al., 2005;Ohebshalom et 
al., 2005;Schiff et al., 2006;Teloken et al., 2007). Their efficacy and safety have triggered a 
number of attempts to determine their potential benefits in non-urological conditions 
(Vlachopoulos et al., 2009). The rationale behind the use of PDE-5 inhibitors on a prolonged 
and continuous basis in the post-prostatectomy patient has never been fully and 
scientifically delineated (Rambhatla et al., 2008). The prolonged and continuous 
administration of vardenafil, prevented both fibrosis and loss of smooth muscle, 
subsequently reduced corporal veno-occlusive dysfunction (CVOD) following bilateral 
cavernosal nerve resection (Ferrini et al., 2006). Similar results were reported both in the 
unilateral and bilateral nerve resection models using continuous long-term administration 
of sildenafil (Kovanecz et al., 2008a). A long-term single daily dose of tadalafil also 
prevented CVOD and the underlying corporal fibrosis in the rat caused by cavernosal nerve 
damage, as effectively as the previously reported continuous treatment with vardenafil or 
sildenafil, through a cGMP-related mechanism that appeared to be independent of iNOS 
induction (Kovanecz et al., 2008b). Sildenafil treatment was also effective for improving 
erectile function in men with post-radiation, particularly, in the early stages after the 
completion of radiation (Teloken et al., 2007). Treatment with exisulind, another PDE-5 
inhibitor, at 250 mg bid had been evaluated in men with prostate cancer following radical 
prostectomy (Goluboff et al., 2001). In a randomized, 12 month study; exisulind suppressed 
the overall rise in prostate specific antigen (PSA) levels compared to placebo group. In 
addition, PSA doubling time was increased more than two fold for high-risk patients who 
continued with exisulind. Another study also reported that the early use of PDE-5 inhibitor 
after prostate brachytherapy maintained erectile function at both 6 and 12 months (Pahlajani 
et al., 2010). Emerging studies focusing on the molecular mechanisms of apoptosis and 
fibrosis are beginning to shed some light on the beneficial use of PDE-5 inhibitors. 
In recent years, extensive and diverse preclinical and clinical studies indicated that PDE-5 
inhibitors also had beneficial effects to enhance the chemotherapeutic efficacy of 
anticancer drugs in prostate and other cancer. PDE-5 inhibitors, sulindac sulfide and 
exisulind, inhibited growth and induced apoptosis in both the androgen-sensitive 
(LNCaP) and androgen-insensitive (PC-3) human prostate cancer cell lines (Lim et al., 
1999;Lim et al., 2003). Exisulind also suppressed the growth of human prostate cancer cells 
in a nude mouse xenograft model (Goluboff et al., 1999). At a low dose, combination of 
colecoxib, a cyclooxygenase-2 (COX-2) inhibitor, with exisulind prevented prostate 
carcinogenesis by altering key molecular events (Narayanan et al., 2007). Combination of 
celecoxib and exisulind not only enhanced apoptosis, but also exerted an anti-
inflammatory effect by the reduced levels of COX-2, prostaglandin E2, and tumor necrosis 
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factor  (TNF-α). Therefore, a combination of potential agents at low doses is considered 
to be very efficacious in minimizing toxicity compared with the use of individual agents 
at higher dose levels.  
Recently, we demonstrated that co-treatment with the PDE-5 inhibitor, sildenafil, 
potentiated the antitumor efficacy of DOX in prostate cancer cells, while simultaneously 
reducing the risk of cardiomyopathy (Das et al., 2010). Cell proliferation of PC-3 and 
DU145, prostate cancer cells, were reduced in a dose-dependent manner with DOX 
treatment (Figure 5 A, B). Co-treatment with sildenafil resulted in an additive effect on 
DOX-induced reduction of cell proliferation (Figure 4 A, B). Co-treatment with sildenafil 
also enhanced DOX-induced cell killing (Figure 4 C, D). Sildenafil and DOX combination 
also enhanced the killing of ovarian cancer and sarcoma cells, suggesting a potential 
efficacy of sildenafil in chemosensitization in multiple malignancies. Co-treatment with 
sildenafil and DOX enhanced PC-3 and DU145 prostate cancer cell killing through further 
enhancing ROS generation compared to DOX alone. In contrast, the sildenafil and DOX 
combination attenuated DOX-induced ROS generation in normal prostate cells. It has 
been suggested that the basic difference in mitochondrial respiration between normal and 
cancer cells makes cancer cells more sensitive to oxidative stress (Deberardinis et al., 
2008;Vander Heiden et al., 2009). Further investigations need to be warranted to define 
how sildenafil sensitizes cancer cells to amplify DOX-mediated ROS generation. 
Interestingly, sulindac, also selectively enhanced killing of cancer cells exposed to 
oxidizing agents via production of ROS (Resnick et al., 2009). However, low levels of 
sulindac also induced delayed preconditioning response against I/R injury in the heart 
through up-regulation of putative effectors of cardioprotection including iNOS and 
HSP27 (Moench et al., 2009). 
We further demonstrated that co-treatment with sildenafil and DOX enhanced DOX-
induced apoptosis in PC-3 and DU145 prostate cancer cells ( Figure 4 E, F) (Das et al., 
2010). The increased apoptosis by sildenafil and DOX was associated with enhanced 
expression of proapoptotic proteins Bad and Bax and suppression of Bcl-2 and Bcl-xL. 
Also, sildenafil and DOX combination dephosphorylated Bad, which may enhance Bad 
heterodimerization with Bcl-xL thereby promoting DOX-induced apoptosis. The ectopic 
overexpression of Bcl-xL in DU145 cells attenuated the synergistic effect of sildenafil and 
DOX on cell killing. Caspase-3 and -9 activities were also increased following sildenafil 
and DOX co-treatment. Overexpression of dominant negative procaspase-9 in DU145 cells 
blocked the enhanced cell killing by combined treatment with sildenafil and DOX 
compared with DOX alone. 
Treatment with sildenafil and DOX in mice bearing prostate tumor xenografts resulted in 
significant inhibition of tumor growth (Figure 5A) (Das et al., 2010). The ratio of tumor 
weight to body weight was also reduced with sildenafil co-treatment with DOX compared 
to DOX alone (Figure 5B). The reduced tumor size was associated with amplified apoptotic 
cell death (Figure 6) and increased expression of activated caspase-3. The anti-tumor effect 
of sildenafil and DOX combination ameliorated DOX-induced cardiac dysfunction, which 
was consistent with our previous study showing improved left ventricular (LV) function 
with PDE5 inhibitors (sildenafil and tadalafil) in DOX-treated mice (Fisher et al., 2005;Koka 
et al., 2010). Fractional shortening (LVFS) and ejection fraction (LVEF) declined in DOX-
treated mice. Sildenafil co-treatment with DOX improved LVFS and LVEF compared with 
the DOX-treated groups. 
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Fig. 4. Sildenafil (Sild) enhances DOX-induced prostate cancer cell death. Cell viability of (A) 
PC-3 and (B) DU145 cells after 72 h of treatment with different concentrations of DOX 
and/or sildenafil (10 µM). (*p<0.001 vs respective concentration of DOX; n=6). Cell death 
assessed after 24 h treatment of (C) PC-3 with 1.5 µM DOX and 10 µM sildenafil and (D) 
DU145 with 0.5 µM DOX and 10 µM sildenafil (*p<0.001 vs control and p<0.001 vs DOX; 
n=6). Apoptosis is assessed by TUNEL staining after 72 hr of treatment. Percentage of 
TUNEL-positive nuclei in (E) PC-3 cells following treatment with 1.5 µM DOX and 10 µM 
sildenafil and (F) DU145 with 0.5 µM DOX and 10 µM sildenafil (*p<0.001 vs control and 
p<0.001 vs DOX; n=3). Results are presented as mean ± S.E. Reprinted from Das et al. Proc 
Natl Acad Sci U S A. 2010 Oct 19;107(42):18202-18207 with permission. 
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Fig. 5. Oral administration of sildenafil (Sild) potentiates DOX-induced inhibition of prostate 
tumor xenograft growth. Male nude mice bearing PC-3 human prostate tumors were treated 
with DOX (3 mg/kg, i.p., twice per week, a total of six times) or sildenafil (10 mg/ kg, 
orally, everyday) or DOX+sildenfil for 30 days. (A) Tumor growth during 30 d of different 
treatments (n=8). (B) Bar diagram showing the ratio of tumor weight to body weight after 30 
d of treatment (*p<0.05 vs. DOX alone; n=8). Reprinted from Das et al. Proc Natl Acad Sci U 
S A. 2010 Oct 19;107(42):18202-18207 with permission. 
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Fig. 6. Sildenafil enhances DOX-induced apoptosis in PC-3 prostate tumors. Bar diagram 
showing TUNEL-positive cells (*p<0.001 vs. control and p<0.001 vs. DOX; n=3). Results are 
reported as means ±SE. Reprinted from Das et al. Proc Natl Acad Sci U S A. 2010 Oct 
19;107(42):18202-18207 with permission. 
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Fig. 4. Sildenafil (Sild) enhances DOX-induced prostate cancer cell death. Cell viability of (A) 
PC-3 and (B) DU145 cells after 72 h of treatment with different concentrations of DOX 
and/or sildenafil (10 µM). (*p<0.001 vs respective concentration of DOX; n=6). Cell death 
assessed after 24 h treatment of (C) PC-3 with 1.5 µM DOX and 10 µM sildenafil and (D) 
DU145 with 0.5 µM DOX and 10 µM sildenafil (*p<0.001 vs control and p<0.001 vs DOX; 
n=6). Apoptosis is assessed by TUNEL staining after 72 hr of treatment. Percentage of 
TUNEL-positive nuclei in (E) PC-3 cells following treatment with 1.5 µM DOX and 10 µM 
sildenafil and (F) DU145 with 0.5 µM DOX and 10 µM sildenafil (*p<0.001 vs control and 
p<0.001 vs DOX; n=3). Results are presented as mean ± S.E. Reprinted from Das et al. Proc 
Natl Acad Sci U S A. 2010 Oct 19;107(42):18202-18207 with permission. 
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Fig. 5. Oral administration of sildenafil (Sild) potentiates DOX-induced inhibition of prostate 
tumor xenograft growth. Male nude mice bearing PC-3 human prostate tumors were treated 
with DOX (3 mg/kg, i.p., twice per week, a total of six times) or sildenafil (10 mg/ kg, 
orally, everyday) or DOX+sildenfil for 30 days. (A) Tumor growth during 30 d of different 
treatments (n=8). (B) Bar diagram showing the ratio of tumor weight to body weight after 30 
d of treatment (*p<0.05 vs. DOX alone; n=8). Reprinted from Das et al. Proc Natl Acad Sci U 
S A. 2010 Oct 19;107(42):18202-18207 with permission. 
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Fig. 6. Sildenafil enhances DOX-induced apoptosis in PC-3 prostate tumors. Bar diagram 
showing TUNEL-positive cells (*p<0.001 vs. control and p<0.001 vs. DOX; n=3). Results are 
reported as means ±SE. Reprinted from Das et al. Proc Natl Acad Sci U S A. 2010 Oct 
19;107(42):18202-18207 with permission. 
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4. Concluding comments and future perspective 
PDE-5 inhibitors including sildenafil, vardenafil and tadalafil are safe and efficacious first-
line on-demand agents for the treatment of erectile dysfunction (Boolell et al., 1996;Porst et 
al., 2001). Their mechanism of action involves inhibition of the PDE-5 enzyme and resulting 
increase in cGMP and smooth muscle relaxation in the penis. Their target enzyme, PDE-5 is 
expressed in several tissues throughout the human body, including the pulmonary and 
systemic vasculature, hypertrophied myocardium and cancer cells. Preclinical studies have 
demonstrated that PDE-5 inhibitors have powerful cardioprotective effect in the setting of 
I/R injury, pressure overload-induced hypertrophy, heart failure and DOX-induced 
cardiomyopathy. The effects of PDE-5 inhibitors on the pulmonary circulation and 
hypertrophied right ventricle have made these agents first-line therapy for many patients 
with pulmonary hypertension. Several reports have indicated that PDE-5 inhibitors improve 
erectile function following radiation therapy or post-radical prostatectomy in prostate 
cancer patients. Recent research from our laboratory has reported provocative findings that 
sildenafil is both a powerful sensitizer of DOX-induced killing of prostate cancer and 
provides concurrent cardioprotective benefit (Das et al., 2010). Moreover, sildenafil and 
vardenafil have been shown to block or reverse the drug efflux function of the ABC 
transporters, thereby suggesting that sildenafil can be used as a modulator of ABCB1 and 
ABCG2 to reverse MDR in cancer cells. Considering the well-established safety profile of 
PDE-5 inhibitors, clinical studies are needed to fully exploit the beneficial effect of the 
combination treatment of anti-tumor agents such as DOX with the PDE-5 inhibitors as a 
therapeutic tool in prostate cancer patients. Also, further studies are needed to gain in depth 
understanding of the molecular mechanisms by which PDE-5 inhibitors increase the efficacy 
of chemotherapeutic agents. 

5. Acknowledgment 
This work was supported in part by National Institutes of Health Grants HL51045, HL59469, 
and HL79424 (to R.C.K). 

6. References 
Abdulla A and Kapoor A (2011) Emerging Novel Therapies in the Treatment of Castrate-

Resistant Prostate Cancer. Can Urol Assoc J 5: pp 120-133. 
Alibhai SM, Duong-Hua M, Sutradhar R, Fleshner N E, Warde P, Cheung A M and Paszat L 

F (2009) Impact of Androgen Deprivation Therapy on Cardiovascular Disease and 
Diabetes. J Clin Oncol 27: pp 3452-3458. 

Ambudkar SV, Kimchi-Sarfaty C, Sauna Z E and Gottesman M M (2003) P-Glycoprotein: 
From Genomics to Mechanism. Oncogene 22: pp 7468-7485. 

Arola OJ, Saraste A, Pulkki K, Kallajoki M, Parvinen M and Voipio-Pulkki L M (2000) Acute 
Doxorubicin Cardiotoxicity Involves Cardiomyocyte Apoptosis. Cancer Res 60: pp 
1789-1792. 

Bender AT and Beavo J A (2006) Cyclic Nucleotide Phosphodiesterases: Molecular 
Regulation to Clinical Use. Pharmacol Rev 58: pp 488-520. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

285 

Berthold DR, Pond G R, Soban F, de Wit R, Eisenberger M and Tannock I F (2008) Docetaxel 
Plus Prednisone or Mitoxantrone Plus Prednisone for Advanced Prostate Cancer: 
Updated Survival in the TAX 327 Study. J Clin Oncol 26: pp 242-245. 

Black KL, Yin D, Ong J M, Hu J, Konda B M, Wang X, Ko M K, Bayan J A, Sacapano M R, 
Espinoza A, Irvin D K and Shu Y (2008) PDE5 Inhibitors Enhance Tumor 
Permeability and Efficacy of Chemotherapy in a Rat Brain Tumor Model. Brain Res 
1230: pp 290-302. 

Boolell M, Allen M J, Ballard S A, Gepi-Attee S, Muirhead G J, Naylor A M, Osterloh I H and 
Gingell C (1996) Sildenafil: an Orally Active Type 5 Cyclic GMP-Specific 
Phosphodiesterase Inhibitor for the Treatment of Penile Erectile Dysfunction. Int J 
Impot Res 8: pp 47-52. 

Bremer YA, Salloum F, Ockaili R, Chou E, Moskowitz W B and Kukreja R C (2005) Sildenafil 
Citrate (Viagra) Induces Cardioprotective Effects After Ischemia/Reperfusion 
Injury in Infant Rabbits. Pediatr Res 57: pp 22-27. 

Burke BE, Mushlin P S, Cusack B J, Olson S J, Gambliel H A and Olson R D (2002) Decreased 
Sensitivity of Neonatal Rabbit Sarcoplasmic Reticulum to Anthracycline 
Cardiotoxicity. Cardiovasc Toxicol 2: pp 41-51. 

Dai CL, Tiwari A K, Wu C P, Su X D, Wang S R, Liu D G, Ashby C R, Jr., Huang Y, Robey R 
W, Liang Y J, Chen L M, Shi C J, Ambudkar S V, Chen Z S and Fu L W (2008) 
Lapatinib (Tykerb, GW572016) Reverses Multidrug Resistance in Cancer Cells by 
Inhibiting the Activity of ATP-Binding Cassette Subfamily B Member 1 and G 
Member 2. Cancer Res 68: pp 7905-7914. 

Dantzig AH, Shepard R L, Pratt S E, Tabas L B, Lander P A, Ma L, Paul D C, Williams D C, 
Peng S B, Slapak C A, Godinot N and Perry W L, III (2004) Evaluation of the 
Binding of the Tricyclic Isoxazole Photoaffinity Label LY475776 to Multidrug 
Resistance Associated Protein 1 (MRP1) Orthologs and Several ATP- Binding 
Cassette (ABC) Drug Transporters. Biochem Pharmacol 67: pp 1111-1121. 

Das A, Durrant D, Mitchell C, Mayton E, Hoke N N, Salloum F N, Park M A, Qureshi I, Lee 
R, Dent P and Kukreja R C (2010) Sildenafil Increases Chemotherapeutic Efficacy of 
Doxorubicin in Prostate Cancer and Ameliorates Cardiac Dysfunction. Proc Natl 
Acad Sci U S A 107: pp 18202-18207. 

Das A, Ockaili R, Salloum F and Kukreja R C (2004) Protein Kinase C Plays an Essential Role 
in Sildenafil-Induced Cardioprotection in Rabbits. Am J Physiol Heart Circ Physiol 
286: pp H1455-H1460. 

Das A, Salloum F N, Xi L, Rao Y J and Kukreja R C (2009) ERK Phosphorylation Mediates 
Sildenafil-Induced Myocardial Protection Against Ischemia-Reperfusion Injury in 
Mice. Am J Physiol Heart Circ Physiol 296: pp H1236-H1243. 

Das A, Xi L and Kukreja R C (2005) Phosphodiesterase-5 Inhibitor Sildenafil Preconditions 
Adult Cardiac Myocytes Against Necrosis and Apoptosis. Essential Role of Nitric 
Oxide Signaling. J Biol Chem 280: pp 12944-12955. 

Das A, Xi L and Kukreja R C (2008) Protein Kinase G-Dependent Cardioprotective 
Mechanism of Phosphodiesterase-5 Inhibition Involves Phosphorylation of ERK 
and GSK3beta. J Biol Chem 283: pp 29572-29585. 

Davies KJ and Doroshow J H (1986) Redox Cycling of Anthracyclines by Cardiac 
Mitochondria. I. Anthracycline Radical Formation by NADH Dehydrogenase. J Biol 
Chem 261: pp 3060-3067. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

284 

4. Concluding comments and future perspective 
PDE-5 inhibitors including sildenafil, vardenafil and tadalafil are safe and efficacious first-
line on-demand agents for the treatment of erectile dysfunction (Boolell et al., 1996;Porst et 
al., 2001). Their mechanism of action involves inhibition of the PDE-5 enzyme and resulting 
increase in cGMP and smooth muscle relaxation in the penis. Their target enzyme, PDE-5 is 
expressed in several tissues throughout the human body, including the pulmonary and 
systemic vasculature, hypertrophied myocardium and cancer cells. Preclinical studies have 
demonstrated that PDE-5 inhibitors have powerful cardioprotective effect in the setting of 
I/R injury, pressure overload-induced hypertrophy, heart failure and DOX-induced 
cardiomyopathy. The effects of PDE-5 inhibitors on the pulmonary circulation and 
hypertrophied right ventricle have made these agents first-line therapy for many patients 
with pulmonary hypertension. Several reports have indicated that PDE-5 inhibitors improve 
erectile function following radiation therapy or post-radical prostatectomy in prostate 
cancer patients. Recent research from our laboratory has reported provocative findings that 
sildenafil is both a powerful sensitizer of DOX-induced killing of prostate cancer and 
provides concurrent cardioprotective benefit (Das et al., 2010). Moreover, sildenafil and 
vardenafil have been shown to block or reverse the drug efflux function of the ABC 
transporters, thereby suggesting that sildenafil can be used as a modulator of ABCB1 and 
ABCG2 to reverse MDR in cancer cells. Considering the well-established safety profile of 
PDE-5 inhibitors, clinical studies are needed to fully exploit the beneficial effect of the 
combination treatment of anti-tumor agents such as DOX with the PDE-5 inhibitors as a 
therapeutic tool in prostate cancer patients. Also, further studies are needed to gain in depth 
understanding of the molecular mechanisms by which PDE-5 inhibitors increase the efficacy 
of chemotherapeutic agents. 

5. Acknowledgment 
This work was supported in part by National Institutes of Health Grants HL51045, HL59469, 
and HL79424 (to R.C.K). 

6. References 
Abdulla A and Kapoor A (2011) Emerging Novel Therapies in the Treatment of Castrate-

Resistant Prostate Cancer. Can Urol Assoc J 5: pp 120-133. 
Alibhai SM, Duong-Hua M, Sutradhar R, Fleshner N E, Warde P, Cheung A M and Paszat L 

F (2009) Impact of Androgen Deprivation Therapy on Cardiovascular Disease and 
Diabetes. J Clin Oncol 27: pp 3452-3458. 

Ambudkar SV, Kimchi-Sarfaty C, Sauna Z E and Gottesman M M (2003) P-Glycoprotein: 
From Genomics to Mechanism. Oncogene 22: pp 7468-7485. 

Arola OJ, Saraste A, Pulkki K, Kallajoki M, Parvinen M and Voipio-Pulkki L M (2000) Acute 
Doxorubicin Cardiotoxicity Involves Cardiomyocyte Apoptosis. Cancer Res 60: pp 
1789-1792. 

Bender AT and Beavo J A (2006) Cyclic Nucleotide Phosphodiesterases: Molecular 
Regulation to Clinical Use. Pharmacol Rev 58: pp 488-520. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

285 

Berthold DR, Pond G R, Soban F, de Wit R, Eisenberger M and Tannock I F (2008) Docetaxel 
Plus Prednisone or Mitoxantrone Plus Prednisone for Advanced Prostate Cancer: 
Updated Survival in the TAX 327 Study. J Clin Oncol 26: pp 242-245. 

Black KL, Yin D, Ong J M, Hu J, Konda B M, Wang X, Ko M K, Bayan J A, Sacapano M R, 
Espinoza A, Irvin D K and Shu Y (2008) PDE5 Inhibitors Enhance Tumor 
Permeability and Efficacy of Chemotherapy in a Rat Brain Tumor Model. Brain Res 
1230: pp 290-302. 

Boolell M, Allen M J, Ballard S A, Gepi-Attee S, Muirhead G J, Naylor A M, Osterloh I H and 
Gingell C (1996) Sildenafil: an Orally Active Type 5 Cyclic GMP-Specific 
Phosphodiesterase Inhibitor for the Treatment of Penile Erectile Dysfunction. Int J 
Impot Res 8: pp 47-52. 

Bremer YA, Salloum F, Ockaili R, Chou E, Moskowitz W B and Kukreja R C (2005) Sildenafil 
Citrate (Viagra) Induces Cardioprotective Effects After Ischemia/Reperfusion 
Injury in Infant Rabbits. Pediatr Res 57: pp 22-27. 

Burke BE, Mushlin P S, Cusack B J, Olson S J, Gambliel H A and Olson R D (2002) Decreased 
Sensitivity of Neonatal Rabbit Sarcoplasmic Reticulum to Anthracycline 
Cardiotoxicity. Cardiovasc Toxicol 2: pp 41-51. 

Dai CL, Tiwari A K, Wu C P, Su X D, Wang S R, Liu D G, Ashby C R, Jr., Huang Y, Robey R 
W, Liang Y J, Chen L M, Shi C J, Ambudkar S V, Chen Z S and Fu L W (2008) 
Lapatinib (Tykerb, GW572016) Reverses Multidrug Resistance in Cancer Cells by 
Inhibiting the Activity of ATP-Binding Cassette Subfamily B Member 1 and G 
Member 2. Cancer Res 68: pp 7905-7914. 

Dantzig AH, Shepard R L, Pratt S E, Tabas L B, Lander P A, Ma L, Paul D C, Williams D C, 
Peng S B, Slapak C A, Godinot N and Perry W L, III (2004) Evaluation of the 
Binding of the Tricyclic Isoxazole Photoaffinity Label LY475776 to Multidrug 
Resistance Associated Protein 1 (MRP1) Orthologs and Several ATP- Binding 
Cassette (ABC) Drug Transporters. Biochem Pharmacol 67: pp 1111-1121. 

Das A, Durrant D, Mitchell C, Mayton E, Hoke N N, Salloum F N, Park M A, Qureshi I, Lee 
R, Dent P and Kukreja R C (2010) Sildenafil Increases Chemotherapeutic Efficacy of 
Doxorubicin in Prostate Cancer and Ameliorates Cardiac Dysfunction. Proc Natl 
Acad Sci U S A 107: pp 18202-18207. 

Das A, Ockaili R, Salloum F and Kukreja R C (2004) Protein Kinase C Plays an Essential Role 
in Sildenafil-Induced Cardioprotection in Rabbits. Am J Physiol Heart Circ Physiol 
286: pp H1455-H1460. 

Das A, Salloum F N, Xi L, Rao Y J and Kukreja R C (2009) ERK Phosphorylation Mediates 
Sildenafil-Induced Myocardial Protection Against Ischemia-Reperfusion Injury in 
Mice. Am J Physiol Heart Circ Physiol 296: pp H1236-H1243. 

Das A, Xi L and Kukreja R C (2005) Phosphodiesterase-5 Inhibitor Sildenafil Preconditions 
Adult Cardiac Myocytes Against Necrosis and Apoptosis. Essential Role of Nitric 
Oxide Signaling. J Biol Chem 280: pp 12944-12955. 

Das A, Xi L and Kukreja R C (2008) Protein Kinase G-Dependent Cardioprotective 
Mechanism of Phosphodiesterase-5 Inhibition Involves Phosphorylation of ERK 
and GSK3beta. J Biol Chem 283: pp 29572-29585. 

Davies KJ and Doroshow J H (1986) Redox Cycling of Anthracyclines by Cardiac 
Mitochondria. I. Anthracycline Radical Formation by NADH Dehydrogenase. J Biol 
Chem 261: pp 3060-3067. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

286 

de Bono JS, Oudard S, Ozguroglu M, Hansen S, Machiels J P, Kocak I, Gravis G, Bodrogi I, 
Mackenzie M J, Shen L, Roessner M, Gupta S and Sartor A O (2010) Prednisone 
Plus Cabazitaxel or Mitoxantrone for Metastatic Castration-Resistant Prostate 
Cancer Progressing After Docetaxel Treatment: a Randomised Open-Label Trial. 
Lancet 376: pp 1147-1154. 

Dean M, Rzhetsky A and Allikmets R (2001) The Human ATP-Binding Cassette (ABC) 
Transporter Superfamily. Genome Res 11: pp 1156-1166. 

Deberardinis RJ, Sayed N, Ditsworth D and Thompson C B (2008) Brick by Brick: 
Metabolism and Tumor Cell Growth. Curr Opin Genet Dev 18: pp 54-61. 

Ding PR, Tiwari A K, Ohnuma S, Lee J W, An X, Dai C L, Lu Q S, Singh S, Yang D H, Talele 
T T, Ambudkar S V and Chen Z S (2011) The Phosphodiesterase-5 Inhibitor 
Vardenafil Is a Potent Inhibitor of ABCB1/P-Glycoprotein Transporter. PLoS One 6: 
pp e19329. 

Doroshow JH, Locker G Y and Myers C E (1980) Enzymatic Defenses of the Mouse Heart 
Against Reactive Oxygen Metabolites: Alterations Produced by Doxorubicin. J Clin 
Invest 65: pp 128-135. 

Eisenberger MA and Walsh P C (1999) Early Androgen Deprivation for Prostate Cancer? N 
Engl J Med 341: pp 1837-1838. 

Epstein PM and Hachisu R (1984) Cyclic Nucleotide Phosphodiesterase in Normal and 
Leukemic Human Lymphocytes and Lymphoblasts. Adv Cyclic Nucleotide Protein 
Phosphorylation Res 16: pp 303-324. 

Evers R, Kool M, Smith A J, van Deemter L, de Haas M and Borst P (2000) Inhibitory Effect 
of the Reversal Agents V-104, GF120918 and Pluronic L61 on MDR1 Pgp-, MRP1- 
and MRP2-mediated transport. Br J Cancer 83: pp 366-374. 

Ferrini MG, Davila H H, Kovanecz I, Sanchez S P, Gonzalez-Cadavid N F and Rajfer J (2006) 
Vardenafil Prevents Fibrosis and Loss of Corporal Smooth Muscle That Occurs 
After Bilateral Cavernosal Nerve Resection in the Rat. Urology 68: pp 429-435. 

Fisher PW, Salloum F, Das A, Hyder H and Kukreja R C (2005) Phosphodiesterase-5 
Inhibition With Sildenafil Attenuates Cardiomyocyte Apoptosis and Left 
Ventricular Dysfunction in a Chronic Model of Doxorubicin Cardiotoxicity. 
Circulation 111: pp 1601-1610. 

Freitas M, Alves V, Sarmento-Ribeiro A B and Mota-Pinto A (2011) Combined Effect of 
Sodium Selenite and Docetaxel on PC3 Metastatic Prostate Cancer Cell Line. 
Biochem Biophys Res Commun 408: pp 713-719. 

Galie N, Ghofrani H A, Torbicki A, Barst R J, Rubin L J, Badesch D, Fleming T, Parpia T, 
Burgess G, Branzi A, Grimminger F, Kurzyna M and Simonneau G (2005) Sildenafil 
Citrate Therapy for Pulmonary Arterial Hypertension. N Engl J Med 353: pp 2148-
2157. 

Galie N, Rubin L J and Simonneau G (2010) Phosphodiesterase Inhibitors for Pulmonary 
Hypertension. N Engl J Med 362: pp 559-560. 

Gan L, Wang J, Xu H and Yang X (2011) Resistance to Docetaxel-Induced Apoptosis in 
Prostate Cancer Cells by P38/P53/P21 Signaling. Prostate 71: pp 1158-1166. 

Germann UA, Ford P J, Shlyakhter D, Mason V S and Harding M W (1997) 
Chemosensitization and Drug Accumulation Effects of VX-710, Verapamil, 
Cyclosporin A, MS-209 and GF120918 in Multidrug Resistant HL60/ADR Cells 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

287 

Expressing the Multidrug Resistance-Associated Protein MRP. Anticancer Drugs 8: 
pp 141-155. 

Gillet JP, Efferth T and Remacle J (2007) Chemotherapy-Induced Resistance by ATP-Binding 
Cassette Transporter Genes. Biochim Biophys Acta 1775: pp 237-262. 

Goluboff ET, Prager D, Rukstalis D, Giantonio B, Madorsky M, Barken I, Weinstein I B, 
Partin A W and Olsson C A (2001) Safety and Efficacy of Exisulind for Treatment of 
Recurrent Prostate Cancer After Radical Prostatectomy. J Urol 166: pp 882-886. 

Goluboff ET, Shabsigh A, Saidi J A, Weinstein I B, Mitra N, Heitjan D, Piazza G A, Pamukcu 
R, Buttyan R and Olsson C A (1999) Exisulind (Sulindac Sulfone) Suppresses 
Growth of Human Prostate Cancer in a Nude Mouse Xenograft Model by 
Increasing Apoptosis. Urology 53: pp 440-445. 

Hosseinzadeh L, Behravan J, Mosaffa F, Bahrami G, Bahrami A and Karimi G (2011) 
Curcumin Potentiates Doxorubicin-Induced Apoptosis in H9c2 Cardiac Muscle 
Cells Through Generation of Reactive Oxygen Species. Food Chem Toxicol 49: pp 
1102-1109. 

Jemal A, Siegel R, Xu J and Ward E (2010) Cancer Statistics, 2010. CA Cancer J Clin 60: pp 
277-300. 

Joe AK, Liu H, Xiao D, Soh J W, Pinto J T, Beer D G, Piazza G A, Thompson W J and 
Weinstein I B (2003) Exisulind and CP248 Induce Growth Inhibition and Apoptosis 
in Human Esophageal Adenocarcinoma and Squamous Carcinoma Cells. J Exp Ther 
Oncol 3: pp 83-94. 

Kalyanaraman B, Joseph J, Kalivendi S, Wang S, Konorev E and Kotamraju S (2002) 
Doxorubicin-Induced Apoptosis: Implications in Cardiotoxicity. Mol Cell Biochem 
234-235: pp 119-124. 

Kang YJ, Chen Y and Epstein P N (1996) Suppression of Doxorubicin Cardiotoxicity by 
Overexpression of Catalase in the Heart of Transgenic Mice. J Biol Chem 271: pp 
12610-12616. 

Kang YJ, Chen Y, Yu A, Voss-McCowan M and Epstein P N (1997) Overexpression of 
Metallothionein in the Heart of Transgenic Mice Suppresses Doxorubicin 
Cardiotoxicity. J Clin Invest 100: pp 1501-1506. 

Koka S, Das A, Zhu S G, Durrant D, Xi L and Kukreja R C (2010) Long-Acting 
Phosphodiesterase-5 Inhibitor Tadalafil Attenuates Doxorubicin-Induced 
Cardiomyopathy Without Interfering With Chemotherapeutic Effect. J Pharmacol 
Exp Ther 334: pp 1023-1030. 

Koning J, Palmer P, Franks C R, Mulder D E, Speyer J L, Green M D and Hellmann K (1991) 
Cardioxane--ICRF-187 Towards Anticancer Drug Specificity Through Selective 
Toxicity Reduction. Cancer Treat Rev 18: pp 1-19. 

Konorev EA, Kennedy M C and Kalyanaraman B (1999) Cell-Permeable Superoxide 
Dismutase and Glutathione Peroxidase Mimetics Afford Superior Protection 
Against Doxorubicin-Induced Cardiotoxicity: the Role of Reactive Oxygen and 
Nitrogen Intermediates. Arch Biochem Biophys 368: pp 421-428. 

Koutsilieris M (1993) Osteoblastic Metastasis in Advanced Prostate Cancer. Anticancer Res 
13: pp 443-449. 

Kovanecz I, Rambhatla A, Ferrini M, Vernet D, Sanchez S, Rajfer J and Gonzalez-Cadavid N 
(2008a) Long-Term Continuous Sildenafil Treatment Ameliorates Corporal Veno-



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

286 

de Bono JS, Oudard S, Ozguroglu M, Hansen S, Machiels J P, Kocak I, Gravis G, Bodrogi I, 
Mackenzie M J, Shen L, Roessner M, Gupta S and Sartor A O (2010) Prednisone 
Plus Cabazitaxel or Mitoxantrone for Metastatic Castration-Resistant Prostate 
Cancer Progressing After Docetaxel Treatment: a Randomised Open-Label Trial. 
Lancet 376: pp 1147-1154. 

Dean M, Rzhetsky A and Allikmets R (2001) The Human ATP-Binding Cassette (ABC) 
Transporter Superfamily. Genome Res 11: pp 1156-1166. 

Deberardinis RJ, Sayed N, Ditsworth D and Thompson C B (2008) Brick by Brick: 
Metabolism and Tumor Cell Growth. Curr Opin Genet Dev 18: pp 54-61. 

Ding PR, Tiwari A K, Ohnuma S, Lee J W, An X, Dai C L, Lu Q S, Singh S, Yang D H, Talele 
T T, Ambudkar S V and Chen Z S (2011) The Phosphodiesterase-5 Inhibitor 
Vardenafil Is a Potent Inhibitor of ABCB1/P-Glycoprotein Transporter. PLoS One 6: 
pp e19329. 

Doroshow JH, Locker G Y and Myers C E (1980) Enzymatic Defenses of the Mouse Heart 
Against Reactive Oxygen Metabolites: Alterations Produced by Doxorubicin. J Clin 
Invest 65: pp 128-135. 

Eisenberger MA and Walsh P C (1999) Early Androgen Deprivation for Prostate Cancer? N 
Engl J Med 341: pp 1837-1838. 

Epstein PM and Hachisu R (1984) Cyclic Nucleotide Phosphodiesterase in Normal and 
Leukemic Human Lymphocytes and Lymphoblasts. Adv Cyclic Nucleotide Protein 
Phosphorylation Res 16: pp 303-324. 

Evers R, Kool M, Smith A J, van Deemter L, de Haas M and Borst P (2000) Inhibitory Effect 
of the Reversal Agents V-104, GF120918 and Pluronic L61 on MDR1 Pgp-, MRP1- 
and MRP2-mediated transport. Br J Cancer 83: pp 366-374. 

Ferrini MG, Davila H H, Kovanecz I, Sanchez S P, Gonzalez-Cadavid N F and Rajfer J (2006) 
Vardenafil Prevents Fibrosis and Loss of Corporal Smooth Muscle That Occurs 
After Bilateral Cavernosal Nerve Resection in the Rat. Urology 68: pp 429-435. 

Fisher PW, Salloum F, Das A, Hyder H and Kukreja R C (2005) Phosphodiesterase-5 
Inhibition With Sildenafil Attenuates Cardiomyocyte Apoptosis and Left 
Ventricular Dysfunction in a Chronic Model of Doxorubicin Cardiotoxicity. 
Circulation 111: pp 1601-1610. 

Freitas M, Alves V, Sarmento-Ribeiro A B and Mota-Pinto A (2011) Combined Effect of 
Sodium Selenite and Docetaxel on PC3 Metastatic Prostate Cancer Cell Line. 
Biochem Biophys Res Commun 408: pp 713-719. 

Galie N, Ghofrani H A, Torbicki A, Barst R J, Rubin L J, Badesch D, Fleming T, Parpia T, 
Burgess G, Branzi A, Grimminger F, Kurzyna M and Simonneau G (2005) Sildenafil 
Citrate Therapy for Pulmonary Arterial Hypertension. N Engl J Med 353: pp 2148-
2157. 

Galie N, Rubin L J and Simonneau G (2010) Phosphodiesterase Inhibitors for Pulmonary 
Hypertension. N Engl J Med 362: pp 559-560. 

Gan L, Wang J, Xu H and Yang X (2011) Resistance to Docetaxel-Induced Apoptosis in 
Prostate Cancer Cells by P38/P53/P21 Signaling. Prostate 71: pp 1158-1166. 

Germann UA, Ford P J, Shlyakhter D, Mason V S and Harding M W (1997) 
Chemosensitization and Drug Accumulation Effects of VX-710, Verapamil, 
Cyclosporin A, MS-209 and GF120918 in Multidrug Resistant HL60/ADR Cells 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

287 

Expressing the Multidrug Resistance-Associated Protein MRP. Anticancer Drugs 8: 
pp 141-155. 

Gillet JP, Efferth T and Remacle J (2007) Chemotherapy-Induced Resistance by ATP-Binding 
Cassette Transporter Genes. Biochim Biophys Acta 1775: pp 237-262. 

Goluboff ET, Prager D, Rukstalis D, Giantonio B, Madorsky M, Barken I, Weinstein I B, 
Partin A W and Olsson C A (2001) Safety and Efficacy of Exisulind for Treatment of 
Recurrent Prostate Cancer After Radical Prostatectomy. J Urol 166: pp 882-886. 

Goluboff ET, Shabsigh A, Saidi J A, Weinstein I B, Mitra N, Heitjan D, Piazza G A, Pamukcu 
R, Buttyan R and Olsson C A (1999) Exisulind (Sulindac Sulfone) Suppresses 
Growth of Human Prostate Cancer in a Nude Mouse Xenograft Model by 
Increasing Apoptosis. Urology 53: pp 440-445. 

Hosseinzadeh L, Behravan J, Mosaffa F, Bahrami G, Bahrami A and Karimi G (2011) 
Curcumin Potentiates Doxorubicin-Induced Apoptosis in H9c2 Cardiac Muscle 
Cells Through Generation of Reactive Oxygen Species. Food Chem Toxicol 49: pp 
1102-1109. 

Jemal A, Siegel R, Xu J and Ward E (2010) Cancer Statistics, 2010. CA Cancer J Clin 60: pp 
277-300. 

Joe AK, Liu H, Xiao D, Soh J W, Pinto J T, Beer D G, Piazza G A, Thompson W J and 
Weinstein I B (2003) Exisulind and CP248 Induce Growth Inhibition and Apoptosis 
in Human Esophageal Adenocarcinoma and Squamous Carcinoma Cells. J Exp Ther 
Oncol 3: pp 83-94. 

Kalyanaraman B, Joseph J, Kalivendi S, Wang S, Konorev E and Kotamraju S (2002) 
Doxorubicin-Induced Apoptosis: Implications in Cardiotoxicity. Mol Cell Biochem 
234-235: pp 119-124. 

Kang YJ, Chen Y and Epstein P N (1996) Suppression of Doxorubicin Cardiotoxicity by 
Overexpression of Catalase in the Heart of Transgenic Mice. J Biol Chem 271: pp 
12610-12616. 

Kang YJ, Chen Y, Yu A, Voss-McCowan M and Epstein P N (1997) Overexpression of 
Metallothionein in the Heart of Transgenic Mice Suppresses Doxorubicin 
Cardiotoxicity. J Clin Invest 100: pp 1501-1506. 

Koka S, Das A, Zhu S G, Durrant D, Xi L and Kukreja R C (2010) Long-Acting 
Phosphodiesterase-5 Inhibitor Tadalafil Attenuates Doxorubicin-Induced 
Cardiomyopathy Without Interfering With Chemotherapeutic Effect. J Pharmacol 
Exp Ther 334: pp 1023-1030. 

Koning J, Palmer P, Franks C R, Mulder D E, Speyer J L, Green M D and Hellmann K (1991) 
Cardioxane--ICRF-187 Towards Anticancer Drug Specificity Through Selective 
Toxicity Reduction. Cancer Treat Rev 18: pp 1-19. 

Konorev EA, Kennedy M C and Kalyanaraman B (1999) Cell-Permeable Superoxide 
Dismutase and Glutathione Peroxidase Mimetics Afford Superior Protection 
Against Doxorubicin-Induced Cardiotoxicity: the Role of Reactive Oxygen and 
Nitrogen Intermediates. Arch Biochem Biophys 368: pp 421-428. 

Koutsilieris M (1993) Osteoblastic Metastasis in Advanced Prostate Cancer. Anticancer Res 
13: pp 443-449. 

Kovanecz I, Rambhatla A, Ferrini M, Vernet D, Sanchez S, Rajfer J and Gonzalez-Cadavid N 
(2008a) Long-Term Continuous Sildenafil Treatment Ameliorates Corporal Veno-



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

288 

Occlusive Dysfunction (CVOD) Induced by Cavernosal Nerve Resection in Rats. Int 
J Impot Res 20: pp 202-212. 

Kovanecz I, Rambhatla A, Ferrini M G, Vernet D, Sanchez S, Rajfer J and Gonzalez-Cadavid 
N (2008b) Chronic Daily Tadalafil Prevents the Corporal Fibrosis and Veno-
Occlusive Dysfunction That Occurs After Cavernosal Nerve Resection. BJU Int 101: 
pp 203-210. 

Kukreja RC, Ockaili R, Salloum F, Yin C, Hawkins J, Das A and Xi L (2004) Cardioprotection 
With Phosphodiesterase-5 Inhibition--a Novel Preconditioning Strategy. J Mol Cell 
Cardiol 36: pp 165-173. 

Kumar D, Kirshenbaum L A, Li T, Danelisen I and Singal P K (2001) Apoptosis in 
Adriamycin Cardiomyopathy and Its Modulation by Probucol. Antioxid Redox 
Signal 3: pp 135-145. 

Li Y, Hussain M, Sarkar S H, Eliason J, Li R and Sarkar F H (2005) Gene Expression Profiling 
Revealed Novel Mechanism of Action of Taxotere and Furtulon in Prostate Cancer 
Cells. BMC Cancer 5: pp 7. 

Lim JT, Piazza G A, Han E K, Delohery T M, Li H, Finn T S, Buttyan R, Yamamoto H, Sperl 
G J, Brendel K, Gross P H, Pamukcu R and Weinstein I B (1999) Sulindac 
Derivatives Inhibit Growth and Induce Apoptosis in Human Prostate Cancer Cell 
Lines. Biochem Pharmacol 58: pp 1097-1107. 

Lim JT, Piazza G A, Pamukcu R, Thompson W J and Weinstein I B (2003) Exisulind and 
Related Compounds Inhibit Expression and Function of the Androgen Receptor in 
Human Prostate Cancer Cells. Clin Cancer Res 9: pp 4972-4982. 

Liu L, Underwood T, Li H, Pamukcu R and Thompson W J (2002a) Specific CGMP Binding 
by the CGMP Binding Domains of CGMP-Binding CGMP Specific 
Phosphodiesterase. Cell Signal 14: pp 45-51. 

Liu X, Chen Z, Chua C C, Ma Y S, Youngberg G A, Hamdy R and Chua B H (2002b) 
Melatonin As an Effective Protector Against Doxorubicin-Induced Cardiotoxicity. 
Am J Physiol Heart Circ Physiol 283: pp H254-H263. 

Makarovskiy AN, Siryaporn E, Hixson D C and Akerley W (2002) Survival of Docetaxel-
Resistant Prostate Cancer Cells in Vitro Depends on Phenotype Alterations and 
Continuity of Drug Exposure. Cell Mol Life Sci 59: pp 1198-1211. 

Menna P, Gonzalez P O, Chello M, Covino E, Salvatorelli E and Minotti G (2011) 
Anthracycline Cardiotoxicity. Expert Opin Drug Saf. 

Minderman H, O'Loughlin K L, Pendyala L and Baer M R (2004) VX-710 (Biricodar) 
Increases Drug Retention and Enhances Chemosensitivity in Resistant Cells 
Overexpressing P-Glycoprotein, Multidrug Resistance Protein, and Breast Cancer 
Resistance Protein. Clin Cancer Res 10: pp 1826-1834. 

Minotti G, Menna P, Salvatorelli E, Cairo G and Gianni L (2004) Anthracyclines: Molecular 
Advances and Pharmacologic Developments in Antitumor Activity and 
Cardiotoxicity. Pharmacol Rev 56: pp 185-229. 

Mizutani H, Tada-Oikawa S, Hiraku Y, Kojima M and Kawanishi S (2005) Mechanism of 
Apoptosis Induced by Doxorubicin Through the Generation of Hydrogen Peroxide. 
Life Sci 76: pp 1439-1453. 

Moench I, Prentice H, Rickaway Z and Weissbach H (2009) Sulindac Confers High Level 
Ischemic Protection to the Heart Through Late Preconditioning Mechanisms. Proc 
Natl Acad Sci U S A 106: pp 19611-19616. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

289 

Mydlo JH, Viterbo R and Crispen P (2005) Use of Combined Intracorporal Injection and a 
Phosphodiesterase-5 Inhibitor Therapy for Men With a Suboptimal Response to 
Sildenafil and/or Vardenafil Monotherapy After Radical Retropubic 
Prostatectomy. BJU Int 95: pp 843-846. 

Myers C (1998) The Role of Iron in Doxorubicin-Induced Cardiomyopathy. Semin Oncol 25: 
pp 10-14. 

Narayanan BA, Reddy B S, Bosland M C, Nargi D, Horton L, Randolph C and Narayanan N 
K (2007) Exisulind in Combination With Celecoxib Modulates Epidermal Growth 
Factor Receptor, Cyclooxygenase-2, and Cyclin D1 Against Prostate 
Carcinogenesis: in Vivo Evidence. Clin Cancer Res 13: pp 5965-5973. 

Narula J, Haider N, Virmani R, DiSalvo T G, Kolodgie F D, Hajjar R J, Schmidt U, Semigran 
M J, Dec G W and Khaw B A (1996) Apoptosis in Myocytes in End-Stage Heart 
Failure. N Engl J Med 335: pp 1182-1189. 

Nazeyrollas P, Prevost A, Baccard N, Manot L, Devillier P and Millart H (1999) Effects of 
Amifostine on Perfused Isolated Rat Heart and on Acute Doxorubicin-Induced 
Cardiotoxicity. Cancer Chemother Pharmacol 43: pp 227-232. 

Nguyen PL, Chen M H, Goldhaber S Z, Martin N E, Beard C J, Dosoretz D E, Katin M J, Ross 
R, Salenius S A and D'Amico A V (2011) Coronary Revascularization and Mortality 
in Men With Congestive Heart Failure or Prior Myocardial Infarction Who Receive 
Androgen Deprivation. Cancer 117: pp 406-413. 

O'Connor R (2007) The Pharmacology of Cancer Resistance. Anticancer Res 27: pp 1267-1272. 
Ockaili R, Salloum F, Hawkins J and Kukreja R C (2002) Sildenafil (Viagra) Induces 

Powerful Cardioprotective Effect Via Opening of Mitochondrial K(ATP) Channels 
in Rabbits. Am J Physiol Heart Circ Physiol 283: pp H1263-H1269. 

Ohebshalom M, Parker M, Guhring P and Mulhall J P (2005) The Efficacy of Sildenafil 
Citrate Following Radiation Therapy for Prostate Cancer: Temporal 
Considerations. J Urol 174: pp 258-262. 

Olson RD and Mushlin P S (1990) Doxorubicin Cardiotoxicity: Analysis of Prevailing 
Hypotheses. FASEB J 4: pp 3076-3086. 

Pahlajani G, Raina R, Jones J S, Burdick M, Ali M, Li J, Mahadevan A, Ciezki J and Zippe C 
(2010) Early Intervention With Phosphodiesterase-5 Inhibitors After Prostate 
Brachytherapy Improves Subsequent Erectile Function. BJU Int 106: pp 1524-1527. 

Petrioli R, Fiaschi A I, Francini E, Pascucci A and Francini G (2008) The Role of Doxorubicin 
and Epirubicin in the Treatment of Patients With Metastatic Hormone-Refractory 
Prostate Cancer. Cancer Treat Rev 34: pp 710-718. 

Petrylak DP, Tangen C M, Hussain M H, Lara P N, Jr., Jones J A, Taplin M E, Burch P A, 
Berry D, Moinpour C, Kohli M, Benson M C, Small E J, Raghavan D and Crawford 
E D (2004) Docetaxel and Estramustine Compared With Mitoxantrone and 
Prednisone for Advanced Refractory Prostate Cancer. N Engl J Med 351: pp 1513-
1520. 

Piazza GA, Thompson W J, Pamukcu R, Alila H W, Whitehead C M, Liu L, Fetter J R, Gresh 
W E, Jr., Klein-Szanto A J, Farnell D R, Eto I and Grubbs C J (2001) Exisulind, a 
Novel Proapoptotic Drug, Inhibits Rat Urinary Bladder Tumorigenesis. Cancer Res 
61: pp 3961-3968. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

288 

Occlusive Dysfunction (CVOD) Induced by Cavernosal Nerve Resection in Rats. Int 
J Impot Res 20: pp 202-212. 

Kovanecz I, Rambhatla A, Ferrini M G, Vernet D, Sanchez S, Rajfer J and Gonzalez-Cadavid 
N (2008b) Chronic Daily Tadalafil Prevents the Corporal Fibrosis and Veno-
Occlusive Dysfunction That Occurs After Cavernosal Nerve Resection. BJU Int 101: 
pp 203-210. 

Kukreja RC, Ockaili R, Salloum F, Yin C, Hawkins J, Das A and Xi L (2004) Cardioprotection 
With Phosphodiesterase-5 Inhibition--a Novel Preconditioning Strategy. J Mol Cell 
Cardiol 36: pp 165-173. 

Kumar D, Kirshenbaum L A, Li T, Danelisen I and Singal P K (2001) Apoptosis in 
Adriamycin Cardiomyopathy and Its Modulation by Probucol. Antioxid Redox 
Signal 3: pp 135-145. 

Li Y, Hussain M, Sarkar S H, Eliason J, Li R and Sarkar F H (2005) Gene Expression Profiling 
Revealed Novel Mechanism of Action of Taxotere and Furtulon in Prostate Cancer 
Cells. BMC Cancer 5: pp 7. 

Lim JT, Piazza G A, Han E K, Delohery T M, Li H, Finn T S, Buttyan R, Yamamoto H, Sperl 
G J, Brendel K, Gross P H, Pamukcu R and Weinstein I B (1999) Sulindac 
Derivatives Inhibit Growth and Induce Apoptosis in Human Prostate Cancer Cell 
Lines. Biochem Pharmacol 58: pp 1097-1107. 

Lim JT, Piazza G A, Pamukcu R, Thompson W J and Weinstein I B (2003) Exisulind and 
Related Compounds Inhibit Expression and Function of the Androgen Receptor in 
Human Prostate Cancer Cells. Clin Cancer Res 9: pp 4972-4982. 

Liu L, Underwood T, Li H, Pamukcu R and Thompson W J (2002a) Specific CGMP Binding 
by the CGMP Binding Domains of CGMP-Binding CGMP Specific 
Phosphodiesterase. Cell Signal 14: pp 45-51. 

Liu X, Chen Z, Chua C C, Ma Y S, Youngberg G A, Hamdy R and Chua B H (2002b) 
Melatonin As an Effective Protector Against Doxorubicin-Induced Cardiotoxicity. 
Am J Physiol Heart Circ Physiol 283: pp H254-H263. 

Makarovskiy AN, Siryaporn E, Hixson D C and Akerley W (2002) Survival of Docetaxel-
Resistant Prostate Cancer Cells in Vitro Depends on Phenotype Alterations and 
Continuity of Drug Exposure. Cell Mol Life Sci 59: pp 1198-1211. 

Menna P, Gonzalez P O, Chello M, Covino E, Salvatorelli E and Minotti G (2011) 
Anthracycline Cardiotoxicity. Expert Opin Drug Saf. 

Minderman H, O'Loughlin K L, Pendyala L and Baer M R (2004) VX-710 (Biricodar) 
Increases Drug Retention and Enhances Chemosensitivity in Resistant Cells 
Overexpressing P-Glycoprotein, Multidrug Resistance Protein, and Breast Cancer 
Resistance Protein. Clin Cancer Res 10: pp 1826-1834. 

Minotti G, Menna P, Salvatorelli E, Cairo G and Gianni L (2004) Anthracyclines: Molecular 
Advances and Pharmacologic Developments in Antitumor Activity and 
Cardiotoxicity. Pharmacol Rev 56: pp 185-229. 

Mizutani H, Tada-Oikawa S, Hiraku Y, Kojima M and Kawanishi S (2005) Mechanism of 
Apoptosis Induced by Doxorubicin Through the Generation of Hydrogen Peroxide. 
Life Sci 76: pp 1439-1453. 

Moench I, Prentice H, Rickaway Z and Weissbach H (2009) Sulindac Confers High Level 
Ischemic Protection to the Heart Through Late Preconditioning Mechanisms. Proc 
Natl Acad Sci U S A 106: pp 19611-19616. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

289 

Mydlo JH, Viterbo R and Crispen P (2005) Use of Combined Intracorporal Injection and a 
Phosphodiesterase-5 Inhibitor Therapy for Men With a Suboptimal Response to 
Sildenafil and/or Vardenafil Monotherapy After Radical Retropubic 
Prostatectomy. BJU Int 95: pp 843-846. 

Myers C (1998) The Role of Iron in Doxorubicin-Induced Cardiomyopathy. Semin Oncol 25: 
pp 10-14. 

Narayanan BA, Reddy B S, Bosland M C, Nargi D, Horton L, Randolph C and Narayanan N 
K (2007) Exisulind in Combination With Celecoxib Modulates Epidermal Growth 
Factor Receptor, Cyclooxygenase-2, and Cyclin D1 Against Prostate 
Carcinogenesis: in Vivo Evidence. Clin Cancer Res 13: pp 5965-5973. 

Narula J, Haider N, Virmani R, DiSalvo T G, Kolodgie F D, Hajjar R J, Schmidt U, Semigran 
M J, Dec G W and Khaw B A (1996) Apoptosis in Myocytes in End-Stage Heart 
Failure. N Engl J Med 335: pp 1182-1189. 

Nazeyrollas P, Prevost A, Baccard N, Manot L, Devillier P and Millart H (1999) Effects of 
Amifostine on Perfused Isolated Rat Heart and on Acute Doxorubicin-Induced 
Cardiotoxicity. Cancer Chemother Pharmacol 43: pp 227-232. 

Nguyen PL, Chen M H, Goldhaber S Z, Martin N E, Beard C J, Dosoretz D E, Katin M J, Ross 
R, Salenius S A and D'Amico A V (2011) Coronary Revascularization and Mortality 
in Men With Congestive Heart Failure or Prior Myocardial Infarction Who Receive 
Androgen Deprivation. Cancer 117: pp 406-413. 

O'Connor R (2007) The Pharmacology of Cancer Resistance. Anticancer Res 27: pp 1267-1272. 
Ockaili R, Salloum F, Hawkins J and Kukreja R C (2002) Sildenafil (Viagra) Induces 

Powerful Cardioprotective Effect Via Opening of Mitochondrial K(ATP) Channels 
in Rabbits. Am J Physiol Heart Circ Physiol 283: pp H1263-H1269. 

Ohebshalom M, Parker M, Guhring P and Mulhall J P (2005) The Efficacy of Sildenafil 
Citrate Following Radiation Therapy for Prostate Cancer: Temporal 
Considerations. J Urol 174: pp 258-262. 

Olson RD and Mushlin P S (1990) Doxorubicin Cardiotoxicity: Analysis of Prevailing 
Hypotheses. FASEB J 4: pp 3076-3086. 

Pahlajani G, Raina R, Jones J S, Burdick M, Ali M, Li J, Mahadevan A, Ciezki J and Zippe C 
(2010) Early Intervention With Phosphodiesterase-5 Inhibitors After Prostate 
Brachytherapy Improves Subsequent Erectile Function. BJU Int 106: pp 1524-1527. 

Petrioli R, Fiaschi A I, Francini E, Pascucci A and Francini G (2008) The Role of Doxorubicin 
and Epirubicin in the Treatment of Patients With Metastatic Hormone-Refractory 
Prostate Cancer. Cancer Treat Rev 34: pp 710-718. 

Petrylak DP, Tangen C M, Hussain M H, Lara P N, Jr., Jones J A, Taplin M E, Burch P A, 
Berry D, Moinpour C, Kohli M, Benson M C, Small E J, Raghavan D and Crawford 
E D (2004) Docetaxel and Estramustine Compared With Mitoxantrone and 
Prednisone for Advanced Refractory Prostate Cancer. N Engl J Med 351: pp 1513-
1520. 

Piazza GA, Thompson W J, Pamukcu R, Alila H W, Whitehead C M, Liu L, Fetter J R, Gresh 
W E, Jr., Klein-Szanto A J, Farnell D R, Eto I and Grubbs C J (2001) Exisulind, a 
Novel Proapoptotic Drug, Inhibits Rat Urinary Bladder Tumorigenesis. Cancer Res 
61: pp 3961-3968. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

290 

Porst H, Padma-Nathan H, Giuliano F, Anglin G, Varanese L and Rosen R (2003) Efficacy of 
Tadalafil for the Treatment of Erectile Dysfunction at 24 and 36 Hours After 
Dosing: a Randomized Controlled Trial. Urology 62: pp 121-125. 

Porst H, Rosen R, Padma-Nathan H, Goldstein I, Giuliano F, Ulbrich E and Bandel T (2001) 
The Efficacy and Tolerability of Vardenafil, a New, Oral, Selective 
Phosphodiesterase Type 5 Inhibitor, in Patients With Erectile Dysfunction: the First 
at-Home Clinical Trial. Int J Impot Res 13: pp 192-199. 

Qadir M, O'Loughlin K L, Fricke S M, Williamson N A, Greco W R, Minderman H and Baer 
M R (2005) Cyclosporin A Is a Broad-Spectrum Multidrug Resistance Modulator. 
Clin Cancer Res 11: pp 2320-2326. 

Rambhatla A, Kovanecz I, Ferrini M, Gonzalez-Cadavid N F and Rajfer J (2008) Rationale for 
Phosphodiesterase 5 Inhibitor Use Post-Radical Prostatectomy: Experimental and 
Clinical Review. Int J Impot Res 20: pp 30-34. 

Resnick L, Rabinovitz H, Binninger D, Marchetti M and Weissbach H (2009) Topical 
Sulindac Combined With Hydrogen Peroxide in the Treatment of Actinic 
Keratoses. J Drugs Dermatol 8: pp 29-32. 

Safra T (2003) Cardiac Safety of Liposomal Anthracyclines. Oncologist 8 Suppl 2: pp 17-24. 
Saigal CS, Gore J L, Krupski T L, Hanley J, Schonlau M and Litwin M S (2007) Androgen 

Deprivation Therapy Increases Cardiovascular Morbidity in Men With Prostate 
Cancer. Cancer 110: pp 1493-1500. 

Salloum F, Yin C, Xi L and Kukreja R C (2003) Sildenafil Induces Delayed Preconditioning 
Through Inducible Nitric Oxide Synthase-Dependent Pathway in Mouse Heart. 
Circ Res 92: pp 595-597. 

Salloum FN, Abbate A, Das A, Houser J E, Mudrick C A, Qureshi I Z, Hoke N N, Roy S K, 
Brown W R, Prabhakar S and Kukreja R C (2008) Sildenafil (Viagra) Attenuates 
Ischemic Cardiomyopathy and Improves Left Ventricular Function in Mice. Am J 
Physiol Heart Circ Physiol 294: pp H1398-H1406. 

Salloum FN, Chau V Q, Hoke N N, Abbate A, Varma A, Ockaili R A, Toldo S and Kukreja R 
C (2009) Phosphodiesterase-5 Inhibitor, Tadalafil, Protects Against Myocardial 
Ischemia/Reperfusion Through Protein-Kinase G-Dependent Generation of 
Hydrogen Sulfide. Circulation 120: pp S31-S36. 

Salloum FN, Takenoshita Y, Ockaili R A, Daoud V P, Chou E, Yoshida K and Kukreja R C 
(2007) Sildenafil and Vardenafil but Not Nitroglycerin Limit Myocardial Infarction 
Through Opening of Mitochondrial K(ATP) Channels When Administered at 
Reperfusion Following Ischemia in Rabbits. J Mol Cell Cardiol 42: pp 453-458. 

Sarfati M, Mateo V, Baudet S, Rubio M, Fernandez C, Davi F, Binet J L, Delic J and Merle-
Beral H (2003) Sildenafil and Vardenafil, Types 5 and 6 Phosphodiesterase 
Inhibitors, Induce Caspase-Dependent Apoptosis of B-Chronic Lymphocytic 
Leukemia Cells. Blood 101: pp 265-269. 

Schiff JD, Bar-Chama N, Cesaretti J and Stock R (2006) Early Use of a Phosphodiesterase 
Inhibitor After Brachytherapy Restores and Preserves Erectile Function. BJU Int 98: 
pp 1255-1258. 

Schiff PB and Horwitz S B (1980) Taxol Stabilizes Microtubules in Mouse Fibroblast Cells. 
Proc Natl Acad Sci U S A 77: pp 1561-1565. 

Schurko B and Oh W K (2008) Docetaxel Chemotherapy Remains the Standard of Care in 
Castration-Resistant Prostate Cancer. Nat Clin Pract Oncol 5: pp 506-507. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

291 

Sebkhi A, Strange J W, Phillips S C, Wharton J and Wilkins M R (2003) Phosphodiesterase 
Type 5 As a Target for the Treatment of Hypoxia-Induced Pulmonary 
Hypertension. Circulation 107: pp 3230-3235. 

Shen T, Kuang Y H, Ashby C R, Lei Y, Chen A, Zhou Y, Chen X, Tiwari A K, Hopper-Borge 
E, Ouyang J and Chen Z S (2009) Imatinib and Nilotinib Reverse Multidrug 
Resistance in Cancer Cells by Inhibiting the Efflux Activity of the MRP7 (ABCC10). 
PLoS One 4: pp e7520. 

Shi Z, Peng X X, Kim I W, Shukla S, Si Q S, Robey R W, Bates S E, Shen T, Ashby C R, Jr., Fu 
L W, Ambudkar S V and Chen Z S (2007) Erlotinib (Tarceva, OSI-774) Antagonizes 
ATP-Binding Cassette Subfamily B Member 1 and ATP-Binding Cassette Subfamily 
G Member 2-Mediated Drug Resistance. Cancer Res 67: pp 11012-11020. 

Shi Z, Tiwari A K, Shukla S, Robey R W, Singh S, Kim I W, Bates S E, Peng X, Abraham I, 
Ambudkar S V, Talele T T, Fu L W and Chen Z S (2011) Sildenafil Reverses A. 
Cancer Res 71: pp 3029-3041. 

Singal PK, Li T, Kumar D, Danelisen I and Iliskovic N (2000) Adriamycin-Induced Heart 
Failure: Mechanism and Modulation. Mol Cell Biochem 207: pp 77-86. 

Singer AL, Sherwin R P, Dunn A S and Appleman M M (1976) Cyclic Nucleotide 
Phosphodiesterases in Neoplastic and Nonneoplastic Human Mammary Tissues. 
Cancer Res 36: pp 60-66. 

Sonpavde G, Hutson T E and Berry W R (2006) Hormone Refractory Prostate Cancer: 
Management and Advances. Cancer Treat Rev 32: pp 90-100. 

Sourla A, Doillon C and Koutsilieris M (1996) Three-Dimensional Type I Collagen Gel 
System Containing MG-63 Osteoblasts-Like Cells As a Model for Studying Local 
Bone Reaction Caused by Metastatic Cancer Cells. Anticancer Res 16: pp 2773-2780. 

Spallarossa P, Altieri P, Aloi C, Garibaldi S, Barisione C, Ghigliotti G, Fugazza G, Barsotti A 
and Brunelli C (2009) Doxorubicin Induces Senescence or Apoptosis in Rat 
Neonatal Cardiomyocytes by Regulating the Expression Levels of the Telomere 
Binding Factors 1 and 2. Am J Physiol Heart Circ Physiol 297: pp H2169-H2181. 

Spallarossa P, Garibaldi S, Altieri P, Fabbi P, Manca V, Nasti S, Rossettin P, Ghigliotti G, 
Ballestrero A, Patrone F, Barsotti A and Brunelli C (2004) Carvedilol Prevents 
Doxorubicin-Induced Free Radical Release and Apoptosis in Cardiomyocytes in 
Vitro. J Mol Cell Cardiol 37: pp 837-846. 

Stein CA (1999) Mechanisms of Action of Taxanes in Prostate Cancer. Semin Oncol 26: pp 3-7. 
Steinherz LJ, Steinherz P G and Tan C (1995) Cardiac Failure and Dysrhythmias 6-19 Years 

After Anthracycline Therapy: a Series of 15 Patients. Med Pediatr Oncol 24: pp 352-
361. 

Steinherz LJ, Steinherz P G, Tan C T, Heller G and Murphy M L (1991) Cardiac Toxicity 4 to 
20 Years After Completing Anthracycline Therapy. JAMA 266: pp 1672-1677. 

Szakacs G, Paterson J K, Ludwig J A, Booth-Genthe C and Gottesman M M (2006) Targeting 
Multidrug Resistance in Cancer. Nat Rev Drug Discov 5: pp 219-234. 

Takemura G and Fujiwara H (2007) Doxorubicin-Induced Cardiomyopathy From the 
Cardiotoxic Mechanisms to Management. Prog Cardiovasc Dis 49: pp 330-352. 

Tannock IF, de Wit R, Berry W R, Horti J, Pluzanska A, Chi K N, Oudard S, Theodore C, 
James N D, Turesson I, Rosenthal M A and Eisenberger M A (2004) Docetaxel Plus 
Prednisone or Mitoxantrone Plus Prednisone for Advanced Prostate Cancer. N Engl 
J Med 351: pp 1502-1512. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

290 

Porst H, Padma-Nathan H, Giuliano F, Anglin G, Varanese L and Rosen R (2003) Efficacy of 
Tadalafil for the Treatment of Erectile Dysfunction at 24 and 36 Hours After 
Dosing: a Randomized Controlled Trial. Urology 62: pp 121-125. 

Porst H, Rosen R, Padma-Nathan H, Goldstein I, Giuliano F, Ulbrich E and Bandel T (2001) 
The Efficacy and Tolerability of Vardenafil, a New, Oral, Selective 
Phosphodiesterase Type 5 Inhibitor, in Patients With Erectile Dysfunction: the First 
at-Home Clinical Trial. Int J Impot Res 13: pp 192-199. 

Qadir M, O'Loughlin K L, Fricke S M, Williamson N A, Greco W R, Minderman H and Baer 
M R (2005) Cyclosporin A Is a Broad-Spectrum Multidrug Resistance Modulator. 
Clin Cancer Res 11: pp 2320-2326. 

Rambhatla A, Kovanecz I, Ferrini M, Gonzalez-Cadavid N F and Rajfer J (2008) Rationale for 
Phosphodiesterase 5 Inhibitor Use Post-Radical Prostatectomy: Experimental and 
Clinical Review. Int J Impot Res 20: pp 30-34. 

Resnick L, Rabinovitz H, Binninger D, Marchetti M and Weissbach H (2009) Topical 
Sulindac Combined With Hydrogen Peroxide in the Treatment of Actinic 
Keratoses. J Drugs Dermatol 8: pp 29-32. 

Safra T (2003) Cardiac Safety of Liposomal Anthracyclines. Oncologist 8 Suppl 2: pp 17-24. 
Saigal CS, Gore J L, Krupski T L, Hanley J, Schonlau M and Litwin M S (2007) Androgen 

Deprivation Therapy Increases Cardiovascular Morbidity in Men With Prostate 
Cancer. Cancer 110: pp 1493-1500. 

Salloum F, Yin C, Xi L and Kukreja R C (2003) Sildenafil Induces Delayed Preconditioning 
Through Inducible Nitric Oxide Synthase-Dependent Pathway in Mouse Heart. 
Circ Res 92: pp 595-597. 

Salloum FN, Abbate A, Das A, Houser J E, Mudrick C A, Qureshi I Z, Hoke N N, Roy S K, 
Brown W R, Prabhakar S and Kukreja R C (2008) Sildenafil (Viagra) Attenuates 
Ischemic Cardiomyopathy and Improves Left Ventricular Function in Mice. Am J 
Physiol Heart Circ Physiol 294: pp H1398-H1406. 

Salloum FN, Chau V Q, Hoke N N, Abbate A, Varma A, Ockaili R A, Toldo S and Kukreja R 
C (2009) Phosphodiesterase-5 Inhibitor, Tadalafil, Protects Against Myocardial 
Ischemia/Reperfusion Through Protein-Kinase G-Dependent Generation of 
Hydrogen Sulfide. Circulation 120: pp S31-S36. 

Salloum FN, Takenoshita Y, Ockaili R A, Daoud V P, Chou E, Yoshida K and Kukreja R C 
(2007) Sildenafil and Vardenafil but Not Nitroglycerin Limit Myocardial Infarction 
Through Opening of Mitochondrial K(ATP) Channels When Administered at 
Reperfusion Following Ischemia in Rabbits. J Mol Cell Cardiol 42: pp 453-458. 

Sarfati M, Mateo V, Baudet S, Rubio M, Fernandez C, Davi F, Binet J L, Delic J and Merle-
Beral H (2003) Sildenafil and Vardenafil, Types 5 and 6 Phosphodiesterase 
Inhibitors, Induce Caspase-Dependent Apoptosis of B-Chronic Lymphocytic 
Leukemia Cells. Blood 101: pp 265-269. 

Schiff JD, Bar-Chama N, Cesaretti J and Stock R (2006) Early Use of a Phosphodiesterase 
Inhibitor After Brachytherapy Restores and Preserves Erectile Function. BJU Int 98: 
pp 1255-1258. 

Schiff PB and Horwitz S B (1980) Taxol Stabilizes Microtubules in Mouse Fibroblast Cells. 
Proc Natl Acad Sci U S A 77: pp 1561-1565. 

Schurko B and Oh W K (2008) Docetaxel Chemotherapy Remains the Standard of Care in 
Castration-Resistant Prostate Cancer. Nat Clin Pract Oncol 5: pp 506-507. 

 
The Role of PDE-5 Inhibitors in Prostate Cancer 

 

291 

Sebkhi A, Strange J W, Phillips S C, Wharton J and Wilkins M R (2003) Phosphodiesterase 
Type 5 As a Target for the Treatment of Hypoxia-Induced Pulmonary 
Hypertension. Circulation 107: pp 3230-3235. 

Shen T, Kuang Y H, Ashby C R, Lei Y, Chen A, Zhou Y, Chen X, Tiwari A K, Hopper-Borge 
E, Ouyang J and Chen Z S (2009) Imatinib and Nilotinib Reverse Multidrug 
Resistance in Cancer Cells by Inhibiting the Efflux Activity of the MRP7 (ABCC10). 
PLoS One 4: pp e7520. 

Shi Z, Peng X X, Kim I W, Shukla S, Si Q S, Robey R W, Bates S E, Shen T, Ashby C R, Jr., Fu 
L W, Ambudkar S V and Chen Z S (2007) Erlotinib (Tarceva, OSI-774) Antagonizes 
ATP-Binding Cassette Subfamily B Member 1 and ATP-Binding Cassette Subfamily 
G Member 2-Mediated Drug Resistance. Cancer Res 67: pp 11012-11020. 

Shi Z, Tiwari A K, Shukla S, Robey R W, Singh S, Kim I W, Bates S E, Peng X, Abraham I, 
Ambudkar S V, Talele T T, Fu L W and Chen Z S (2011) Sildenafil Reverses A. 
Cancer Res 71: pp 3029-3041. 

Singal PK, Li T, Kumar D, Danelisen I and Iliskovic N (2000) Adriamycin-Induced Heart 
Failure: Mechanism and Modulation. Mol Cell Biochem 207: pp 77-86. 

Singer AL, Sherwin R P, Dunn A S and Appleman M M (1976) Cyclic Nucleotide 
Phosphodiesterases in Neoplastic and Nonneoplastic Human Mammary Tissues. 
Cancer Res 36: pp 60-66. 

Sonpavde G, Hutson T E and Berry W R (2006) Hormone Refractory Prostate Cancer: 
Management and Advances. Cancer Treat Rev 32: pp 90-100. 

Sourla A, Doillon C and Koutsilieris M (1996) Three-Dimensional Type I Collagen Gel 
System Containing MG-63 Osteoblasts-Like Cells As a Model for Studying Local 
Bone Reaction Caused by Metastatic Cancer Cells. Anticancer Res 16: pp 2773-2780. 

Spallarossa P, Altieri P, Aloi C, Garibaldi S, Barisione C, Ghigliotti G, Fugazza G, Barsotti A 
and Brunelli C (2009) Doxorubicin Induces Senescence or Apoptosis in Rat 
Neonatal Cardiomyocytes by Regulating the Expression Levels of the Telomere 
Binding Factors 1 and 2. Am J Physiol Heart Circ Physiol 297: pp H2169-H2181. 

Spallarossa P, Garibaldi S, Altieri P, Fabbi P, Manca V, Nasti S, Rossettin P, Ghigliotti G, 
Ballestrero A, Patrone F, Barsotti A and Brunelli C (2004) Carvedilol Prevents 
Doxorubicin-Induced Free Radical Release and Apoptosis in Cardiomyocytes in 
Vitro. J Mol Cell Cardiol 37: pp 837-846. 

Stein CA (1999) Mechanisms of Action of Taxanes in Prostate Cancer. Semin Oncol 26: pp 3-7. 
Steinherz LJ, Steinherz P G and Tan C (1995) Cardiac Failure and Dysrhythmias 6-19 Years 

After Anthracycline Therapy: a Series of 15 Patients. Med Pediatr Oncol 24: pp 352-
361. 

Steinherz LJ, Steinherz P G, Tan C T, Heller G and Murphy M L (1991) Cardiac Toxicity 4 to 
20 Years After Completing Anthracycline Therapy. JAMA 266: pp 1672-1677. 

Szakacs G, Paterson J K, Ludwig J A, Booth-Genthe C and Gottesman M M (2006) Targeting 
Multidrug Resistance in Cancer. Nat Rev Drug Discov 5: pp 219-234. 

Takemura G and Fujiwara H (2007) Doxorubicin-Induced Cardiomyopathy From the 
Cardiotoxic Mechanisms to Management. Prog Cardiovasc Dis 49: pp 330-352. 

Tannock IF, de Wit R, Berry W R, Horti J, Pluzanska A, Chi K N, Oudard S, Theodore C, 
James N D, Turesson I, Rosenthal M A and Eisenberger M A (2004) Docetaxel Plus 
Prednisone or Mitoxantrone Plus Prednisone for Advanced Prostate Cancer. N Engl 
J Med 351: pp 1502-1512. 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

292 

Teloken PE, Ohebshalom M, Mohideen N and Mulhall J P (2007) Analysis of the Impact of 
Androgen Deprivation Therapy on Sildenafil Citrate Response Following Radiation 
Therapy for Prostate Cancer. J Urol 178: pp 2521-2525. 

Thompson WJ, Piazza G A, Li H, Liu L, Fetter J, Zhu B, Sperl G, Ahnen D and Pamukcu R 
(2000) Exisulind Induction of Apoptosis Involves Guanosine 3',5'-Cyclic 
Monophosphate Phosphodiesterase Inhibition, Protein Kinase G Activation, and 
Attenuated Beta-Catenin. Cancer Res 60: pp 3338-3342. 

Tiwari AK, Sodani K, Wang S R, Kuang Y H, Ashby C R, Jr., Chen X and Chen Z S (2009) 
Nilotinib (AMN107, Tasigna) Reverses Multidrug Resistance by Inhibiting the 
Activity of the ABCB1/Pgp and ABCG2/BCRP/MXR Transporters. Biochem 
Pharmacol 78: pp 153-161. 

van Acker SA, Kramer K, Voest E E, Grimbergen J A, Zhang J, van der Vijgh W J and Bast A 
(1996) Doxorubicin-Induced Cardiotoxicity Monitored by ECG in Freely Moving 
Mice. A New Model to Test Potential Protectors. Cancer Chemother Pharmacol 38: pp 
95-101. 

Vander Heiden MG, Cantley L C and Thompson C B (2009) Understanding the Warburg 
Effect: the Metabolic Requirements of Cell Proliferation. Science 324: pp 1029-1033. 

Vlachopoulos C, Terentes-Printzios D, Ioakeimidis N, Rokkas K and Stefanadis C (2009) 
PDE5 Inhibitors in Non-Urological Conditions. Curr Pharm Des 15: pp 3521-3539. 

Weiss RB (1992) The Anthracyclines: Will We Ever Find a Better Doxorubicin?. Semin Oncol 
19: pp 670-686. 

Whitehead CM, Earle K A, Fetter J, Xu S, Hartman T, Chan D C, Zhao T L, Piazza G, Klein-
Szanto A J, Pamukcu R, Alila H, Bunn P A, Jr. and Thompson W J (2003) Exisulind-
Induced Apoptosis in a Non-Small Cell Lung Cancer Orthotopic Lung Tumor 
Model Augments Docetaxel Treatment and Contributes to Increased Survival. Mol 
Cancer Ther 2: pp 479-488. 

Wu Y, Rosenberg J E and Taplin M E (2011) Novel Agents and New Therapeutics in 
Castration-Resistant Prostate Cancer. Curr Opin Oncol 23: pp 290-296. 

Yen HC, Oberley T D, Vichitbandha S, Ho Y S and St Clair D K (1996) The Protective Role of 
Manganese Superoxide Dismutase Against Adriamycin-Induced Acute Cardiac 
Toxicity in Transgenic Mice. J Clin Invest 98: pp 1253-1260. 

Yoo J, Park S S and Lee Y J (2008) Pretreatment of Docetaxel Enhances TRAIL-Mediated 
Apoptosis in Prostate Cancer Cells. J Cell Biochem 104: pp 1636-1646. 

Zhu B, Vemavarapu L, Thompson W J and Strada S J (2005) Suppression of Cyclic GMP-
Specific Phosphodiesterase 5 Promotes Apoptosis and Inhibits Growth in HT29 
Cells. J Cell Biochem 94: pp 336-350. 

14 

Entering a New Era – Prostate Cancer  
Immuno-Therapy After the FDA  

Approval for Sipuleucel-T 
Thomas H. Brill 

Technische Universität München (TUM) 
Germany 

1. Introduction 
As cancer is estimated to cause 1,500,000 deaths in Europe and more than 500,000 alone in 
the US each year (Ferlay et al., 2007; Jemal et al., 2010) newer strategies are needed to 
improve current treatment success rates. The role of the immune system is designated 
cancer immunosurveillance as it limits tumor growth (Dunn et al., 2002). This biological 
principle has been deduced from clinical observations in human as if veterinary cancer 
patients and has also been proved experimentally in immunodeficient mice characterized by 
a high incidence of tumors (Shankanan et al., 2001). The evidence on the role of the immune 
system found in limiting tumor growth and progression is linked to observations showing a 
positive correlation between the presence of tumor infiltrating lymphocytes (TILs) and 
improved outcome in most – but not all – tumor entities studied so far; e.g. in colorectal 
cancer significantly higher levels of memory CD8+T-cell infiltrates are positively correlated 
with clinical benefit, defined as less advanced pathological stage, absence of metastatic 
invasion, and increased survival (Pages et al., 2005; Galon et al., 2006). Similarly, the 
presence of TILs has been associated with decreased tumor cells in the draining lymph 
nodes of cervical cancer patients limiting the risk of metastatic progression (Piersma et al., 
2007). In lung carcinoma patients, increasing numbers of TILs have also been shown to 
significantly improve disease-specific survival (Al-Shibli et al., 2008). PCa glands are also 
frequent diffusely infiltrated (CD4+T-cells as if CD8+T-cells) so suggesting that PCa may be 
immunogenic but the correlation of these findings to clinical data is not that clear as in other 
tumor entities (McArdle et al., 2004; Zhang et al., 2006). Altogether, these observations 
support the immunosurveillance hypothesis and form the rationale to use the immune 
system to control tumor burden by vaccine-based interventions against cancer relying on the 
stimulation of an effective antitumor immune response in the cancer patient and resulted 
recently in labelling “avoiding immune destruction” as an emerging hallmark of cancer by 
the scientific community (Hanahan & Weinberg, 2011). The therapeutic cancer vaccine 
definition as given by the National Cancer Institute (NCI) is: vaccines, which are intended to 
treat already existing cancers by strengthening the body´s natural defences against cancer. 
But it is of great importance to notice the two paradoxical roles the immune system has in 
cancer: while at the one hand various components of the immune response – innate as if 
adaptive – are able to mediate cancer cell destruction, at the other hand specific types of 
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the scientific community (Hanahan & Weinberg, 2011). The therapeutic cancer vaccine 
definition as given by the National Cancer Institute (NCI) is: vaccines, which are intended to 
treat already existing cancers by strengthening the body´s natural defences against cancer. 
But it is of great importance to notice the two paradoxical roles the immune system has in 
cancer: while at the one hand various components of the immune response – innate as if 
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immune cells can also induce an environment that favours tumor growth as also the 
development of metastasis (DeNardo et al., 2008). Among the latter are, for example, tumor 
associated macrophages (TAM) (Mantovani et al., 2002; Luo et al., 2006), type 2 helper 
CD4+(TH2) T-cells (DeNardo et al., 2009; Ziegler et al., 2009), and last not least regulatory 
T(Treg)-cells (Curiel et al., 2004; Yamaguchi & Sakaguchi, 2006). These various immune cells 
have been shown to accumulate at tumor sites, negatively impacting the establishment of 
antitumor T-cell responses, and so creating an immunosuppressive tumor environment. 
Cancer cells themselves can also evolve mechanisms that allow them to evade 
immunosurveillance and to negatively affect the functionality of effector T-cells. These so 
called tumor-escape-mechanisms are: i) down regulation of antigen expression, components 
of the antigen-processing and presentation machinery, and expression of Major 
Histocompatibility Complex (MHC) molecules (Marincola et al., 2000), ii) decreased 
expression of co-stimulatory cytokines which are of crucial importance to T-cell activation 
(Sica et al., 2003), iii) enhanced surface expression of molecules that negatively regulate T-
cell activation, so called “co-inhibitory signals”, such as PDL1/B7-H1 and B7-H4 (Dong et 
al., 2002; Driessens et al., 2009), and iv) secreting a milieu of soluble factors that ultimately 
inhibit the activation, proliferation, and differentiation of the various components of the 
immune response; e.g. TGF-β (Thomas & Massague, 2005), IL-10 (Kurte et al., 2004), IL-13 
(Terabe et al., 2000), and VEGF (Gabrilovich et al., 1996). And it was shown that the 
differential genetic and proteomic alterations of cancer cells accumulate in the course of 
disease from the localised tumor to lymph node positive state to end stage metastatic 
disease (Taylor et al., 2006). In order to design a successful anti-cancer immunostimulative 
strategy, it is important not to ignore the discoveries made by scientists working in the areas 
of immunity, infection and especially autoimmunity. For example, successful 
immunological clearance of viral as if bacterial infections are naturally accompanied by 
tremendous expansions of pathogen-reactive cytotoxic T-lymphocytes (CTLs), with up to 50 
% of all circulating CD8+T-cells being antigen specific CTLs, which only subside after the 
infection has been defeated. On the other hand, most cancer vaccines which are in the field 
today generate poor T-cell responses with antigen-specific CTL rates beneath 1 % that often 
disappear soon after vaccination. Thus, one should not be surprised that insufficient tumor 
responses or regressions are observed (Cho & Celis, 2010). 
The goal of vaccine-based cancer immunotherapy approaches is to induce a tumor-specific 
immune response that will reduce tumor burden by tipping the balance from a protumor to 
an antitumor immune environment – and from a clinicians point of view it is a success if 
tumor progression is stopped or if the tumor does not even metastasizes. So achieving cure 
is a high goal, which the so called therapeutic cancer vaccines might never reach, but we 
would save millions if we could force cancer into a chronic disease patients learn to live 
with but don’t succumb from it. This chapter discusses strategies employed in the field of 
PCa vaccines aiming to enhance activation of an immune response that has shown impact in 
clinical trials.  
There are many attempts around to describe the different vaccine platforms systematically, 
but as for most approaches the molecular mode of action is not exactly known attempts to 
divide into active versus passive, specific versus unspecific vaccines are difficult. It is more 
practical to categorize each vaccine depending on the vaccine-delivery system used, and 
whether specific or multiple antigens are targeted (Palena & Schlom, 2010). In the multi-
antigen vaccine formulations often known and unknown antigens are included. A list of the 
various types of vaccine-delivery systems under investigation in the field of PCa in clinical 
stages is presented in Table 1. 
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1. Immunisation 
against multiple 
(not specified) 
antigens 

Ref. 
(e.g.) 

2. Immunisation against 
specified antigen(s) 

Ref. 
(e.g.) 

1.1 Cell-based 2.1 Cell-based 
1.1.1 DCs pulsed ex 
vivo with allogeneic 
whole-tumor cell 
mRNA  

(Mu et al., 
2005) 2.1.1 DCs pulsed ex vivo with a single peptide 

1.1.2 DCs pulsed ex 
vivo with 
autologous whole-
tumor cell lysates 

(Pandha  
et al., 2004) 

human PAP as target (e.g. 
sipuleucel-T) xenogeneic 
PAP as target 

(Higano et al., 2009a; 
Kantoff et al., 2010a) 
(Fong et al., 2001) 

1.1.3 Allogeneic whole-tumor cells 
(modified ex vivo) PSMA as target (Tjoa et al., 1999; 

Fishman, 2009) 

e.g. GVAX 

(Simons  
et al., 2006; 
Small  
et al., 2007; 
Higano  
et al., 2008; 
Higano et 
al., 2009b) 

PSA as target 
(Barrou et al., 2004) 
(Hildenbrand  
et al., 2007) 

e.g. OnyP (Michael  
et al., 2005) PSCA as target (Thomas-Kaskel et al., 

2006) 
e.g. 
LNCaP/IL2/IFNγ 

(Brill et al., 
2007, 2009) Telomerase as target (Vonderheide et al., 

2004; Su et al., 2005) 

1.1.4 whole tumor cells (modified 
in situ – “in situ vaccination”) 2.1.2 DCs pulsed ex vivo with multiple peptides 

Cell modification 
via viral vectors e.g. 
AdV-IL2 

(Simons  
et al., 1999) 

DCs pulsed “peptide 
cocktail” diff. epitopes 
from prostate TAAs 

(Fuessel et al., 2006; 
Waeckerle-Men  
et al., 2006) 

  2.2 Viral vector-based 
  

PSA in VV and FV (e.g. 
Prostvac-VF) 

(Kaufman et al., 2004; 
Kantoff et al., 2010b; 
Gulley et al., 2010) 

  PSA in AdV (Lubaroff et al., 2009) 
  MUC1 in MVA (Dreicer et al., 2009) 
  2.3 DNA based 
  PSMA (Low et al., 2009) 
  human PAP (McNeel et al., 2009) 
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1. Immunisation 
against multiple 
(not specified) 
antigens 

Ref. 
(e.g.) 

2. Immunisation against 
specified antigen(s) 

Ref. 
(e.g.) 

  2.4 Peptide based 
  2.4.1 Multiple peptides 

used: “peptide cocktail” 
diff. epitopes from prostate 
TAAs 

(Feyerabend et al., 
2009) 

  2.4.2 Single peptide used: 
e.g. HER2/neu epitope 
(776-790) 

(Perez et al., 2010) 

AdV = Adenovirus; DCs = dendritic cells; diff. = different; FV = Fowl pox virus; mRNA = messenger 
RNA; PAP = prostatic acid phosphatase; PSMA = prostate-specific membrane antigen; PSCA = prostate 
stem cell antigen; TAA = tumor associated antigen; VV = Vaccinia virus  

Table 1. Systematic list of vaccine-delivering systems in PCa vaccine approaches  

Novel therapeutic options for patients of this stage of disease have been stated as an urgent 
medical need. Thus besides vaccine therapies a number of agents (e. g. endothelin receptor 
antagonists, receptor activator of nuclear factor κB ligand inhibitors, anti-angiogenic drugs, 
cytochrome P17 enzyme inhibitors, vitamin D analogues) are now tested in phase III 
registration trials either alone or in combination with docetaxel for first- or second-line use 
in mCRPC patients (Antonarakis & Drake, 2010; Antonarakis & Eisenberger, 2011). 
Clinical trails that have engrossed most interest include i) Dendritic Cell (DC)-based 
vaccines (with clinically meaningful outcome for sipuleucel-T), ii) DNA vaccines (e.g. viral 
vector-based Prostvac-VF) together with recombinant peptide vaccines, and iii) whole-
tumor cell vaccines (e.g. GVAX).  

2. DC-based vaccines 
Since cancer in fact develops and evolves in the presence of an intact immune system TAAs 
are by definition inadequately immunogenic. This results in a suboptimal T-cell activation, 
induction of immune tolerance and thus an ineffective immune reaction. Cancer vaccines 
are intended to break this immune tolerance. Strong presentation of antigen by antigen-
presenting cells (APCs) is essential. Dendritic cells (DCs), which are the most powerful 
APCs, are known to be deficient in number and function in cancer patients. Activating APCs 
that are able to appropriately process and present the TAA is pivotal to activating an 
adaptive immune response and breaking peripheral tolerance.  

2.1 The sipuleucel-T (PROVENGE®) approach 
The history of this new treatment option began with phase I and phase II clinical trials in the 
academic field back in the 1990th. In the early 2000th the first phase III accrual of patients 
started and first data published in 2006 and FDA approval was asked for. But the FDA 
concluded that further confirmation would be obligatory prior to approval. This judgment 
sparked protests from patients and advocates who urged the FDA to repeal its decision. In 
2009 preliminary results of that phase III pivotal trial, named Imunotherapy for Prostate 
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Adenocarcinoma Treatment (IMPACT) study, were presented to the community at an 
AUA national conference and to the FDA (Schellhammer et al., 2009). After re-analysis of 
these facts the FDA finally permitted sipuleucel-T end of April 2010, so it is worth to have 
a closer look into the prescription information (FDA, 2010a) and the approval letter (FDA, 
2010b) as this product is not just another in a row of existing PCa vaccines but – as the 
first active immune therapy granted with approval for use in human subjects – opens an 
entire new entity for curative intervention. Finally in July 2010 the IMPACT trial data 
were presented in a peer reviewed journal (Kanthoff et al., 2010b) and as a result the 
prostate panel of the National Comprehensive Cancer Network (NCCN) has changed its 
guidelines how to treat mCRPC patients by adding sipuleucel-T as a category 1 treatment 
recommendation (NCCN, 2010). 
Sipuleucel-T is an antigen specific cellular immunotherapy based on autologoues DCs (see 
Tab. 1) and indicated in metastatic but asymptomatic or minimally symptomatic patients 
who are in a hormone refractory and disease progressive stage. Sipuleucel-T consists of 
APCs and other cells of the peripheral blood mononuclear cells (PBMC) compartment, that 
have been activated during a defined ex vivo period with a recombinant human fusion 
protein combining PAP and GM-CSF. To obtain patient’s PBMCs a standard leukapheresis 
procedure approximately 72 hours prior to the infusion date has to be performed. During ex 
vivo culture period the PAP protein can bind to and be processed by APCs into smaller 
TAA fragments, so the recombinant antigen should target the DCs, and is thought to direct 
the immune response to PAP (Kanthoff et al., 2010a).  
Due to the autologoues nature of sipuleucel-T and the individuality of this approach its final 
cellular composition (T-, B-, NK-, and other cells) depends on the cells obtained from the 
patient’s leukapheresis and will vary from patient to patient and from dose to dose, but the 
ex vivo procedure is regulated in that a minimum of 50 million  PAP-GM-CSF activated 
CD54+ cells are included, suspended in 250 mL of Lactated Ringer’s solution, and reinfused 
intravenously to the patient (FDA, 2010a; Kanthoff et al., 2010a).  
The IMPACT trial was randomized, placebo-controlled, double-blind, multicentered. A total 
of 512 patients were randomized (2:1 ratio) to receive sipuleucel-T (n = 341) or control (n = 
171). The placebo material used in control subjects was peripheral blood mononuclear cells 
that had not been PAP-activated, but given back to the patients under equal clinical 
conditions. In case of disease progression control subjects were allowed to cross over to an 
open-label use of the vaccine. The effectiveness of sipuleucel-T showed an increase in OS of 
4.1 months in the pivotal phase III trial (25.8 vs 21.7 months) and OS benefit (3-year OS of 
31.7 % vs 23.0 %). Sipuleucel-T successfully reached the prespecified level of statistical 
significance and reduced the overall risk of death by 22 % compared to control (p < 0.05) 
(Kanthoff et al., 2010b). Analyses of time to disease progression did not differ between 
verum and placebo patients and thus not meet statistical significance.  
As sipuleucel-T is intended and produced solely for personalized use in a central laboratory 
there is no routine testing for transmissible infectious diseases so general precautions for 
handling blood products has to be employed. Due to the expiration time being as short as 18 h 
the product safety testing is challenging and sipuleucel-T has to be released for use based on 
the sterility and microbial results from a number of tests. If the sterility results show positive 
for microbial contamination after the use of sipuleucel-T, the manufacturer will inform the 
treating doctor. As, due to the character of the product, no cell filter can be used during the i.v. 
re-infusion of the ex vivo stimulated blood compounds, acute infusion reactions are the most 
common solely adverse event (AE) in patients receiving sipuleucel-T but also in control 
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prostate panel of the National Comprehensive Cancer Network (NCCN) has changed its 
guidelines how to treat mCRPC patients by adding sipuleucel-T as a category 1 treatment 
recommendation (NCCN, 2010). 
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subjects receiving the non-activated peripheral blood mononuclear cells. Such events included, 
but were not limited to, vomiting, fatigue, fever, chills, respiratory events (dyspnea, hypoxia, 
and bronchospasm), nausea, hypertension, and tachycardia. To minimize potential acute 
infusion reactions e.g. chills and/or fever, it is recommended to premedicate patients orally 
with an antihistamine prior to infusion of sipuleucel-T (Kanthoff et al., 2010b). 
The safety evaluation of sipuleucel-T, released by the FDA, is based on 601 PCa patients 
who received at least one dose of sipuleucel-T reported in four different clinical trials (Small 
et al., 2006; Harzstark et al., 2009; Higano et al., 2009a; Kanthoff et al., 2010a). Almost all 
(98.3 %) indivduals in the sipuleucel-T group and 96.0 % in the control group reported an 
adverse event. In 67.4 % of patients in the sipuleucel-T group, these adverse events were 
mild or moderate. Severe (grade 3) and life-threatening (grade 4) adverse events were 
reported in 23.6 % and 4.0 % of patients in the sipuleucel-T group compared with 25.1 % and 
3.3 % of control group patients. Fatal (grade 5) adverse events were reported in 3.3 % of 
patients in the sipuleucel-T group compared with 3.6 % of patients in the control group. The 
FDA recommended the manufacturer to run a post-marketing study to assess the risk of 
cerebrovascular events in 1,500 PCa patients who receive sipuleucel-T and awaits 
completion of this study till December 31, 2015 (FDA, 2010b). 
Each dose of sipuleucel-T requires a leukapheresis approximately three days prior to the 
infusion. AE´s that were reported within one day following the leukapheresis procedure 
included citrate toxicity (14.2 %), oral paresthesia (12.6 %), general paresthesia (11.4 %), and 
fatigue (8.3 %) (FDA, 2010a).  
Due to its novelty in the market as if the pricey production process and due to the high 
research and development costs sipuleucel-T as a pharmaceutical product is quite 
expensive – more than 90.000 USD. So there is a discussion whether or not these costs 
should be covered by the public. In comparison to other recently introduced drugs in 
other tumor entities (e.g. lung cancer or breast cancer) and based on the calculation of the 
achievable duration in life time the costs of sipuleucel-T has been calculate as about 10 
times higher (Longo, 2010). 

2.2 Other DC based vaccines 
A wide variety of other approaches using DCs have been studied, including evaluation of 
DCs pulsed with defined proteins like PSMA (Tjoa et al., 1999; Fishman, 2009), PSA (Barrou 
et al., 2004; Hildenbrand et al., 2007), xenogeneic PAP (Fong et al., 2001), PSCA (Thomas-
Kaskel et al., 2006), and telomerase (Vonderheide et al., 2004; Su et al., 2005). Strategies 
based on peptides included pulsing DCs with multiple but defined peptides (prostate stem 
cell antigen (PSCA14–22), prostatic acid phosphatase (PAP299–307), prostate-specific 
membrane antigen (PSMA4–12), Prostein (31-39), Survivin (95–104), Trp-p8 (187–195), and 
prostate-specific antigen (PSA154–163)) (Fuessel et al., 2006; Waeckerle-Men et al., 2006). To 
expand antitumor reactivity and prevent tumor escape from the immune system, 
researchers have used DCs genetically engineered to express an enlarged range of antigens 
by the use of tumor cell lysates (Pandha et al., 2004), and allogeneic PCa cell lines (DU145, 
LNCaP and PC-3) messenger RNA (Mu et al., 2005). 

3. DNA vaccines 
DNA vaccines are focused to the TAA which is used in a specific approach to switch the 
patient’s immune system. Most DNA vaccines have focused on tissue-specific (PAP, PSMA, 
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PSCA and PSA) rather than tumor-specific antigens. The major advantages of DNA vaccines 
is, at least compared with DC-based vaccines, that they are easy and inexpensive to produce 
and that with some viral vectors used in this attempt there is a huge body of experience as 
they have been used in millions of persons for preventive vaccinations against infective 
disease (Fioretti et al., 2010). 

3.1 Prostvac-VF approach 
This approach has been tested clinically in a number of phase I studies demonstrating 
safety of the vectors (Sanda et al., 1999; DiPaola et al., 2006; Arlen et al., 2007), and three 
phase II studies. Prostvac-VF consists of two genetically engineered viruses (recombinant 
Vaccinia (V) virus and Fowl pox (F) virus) administered in a sequential regimen. The 
virus strain used in Prostvac-V is a to some extent attenuated version of the virus used for 
smallpox immunization. Fowl pox viruses are unable to replicate in human cells but have 
been shown to be an effective way of boosting cellular immune responses primarily 
initiated using Vaccinia virus. The viral vectors are engineered to contain a gene encoding 
human PSA which contains an alteration in the HLA-A2 specific epitope that is planned 
to enhance the immunogenicity of the expressed antigen. In addition, these viruses both 
contain the genes encoding three co-stimulatory molecules, B7.1, ICAM-1 and LFA-3 
(together named TRICOM). The academic work to establish this vaccine platform was 
done in cooperation with industrial sponsorship initially with Therion Biologics 
Cambridge, MA and subsequently with BN ImmunoTherapeutics, Garcia Ave, CA 
(Madan et al., 2009). The first phase II trial conducted by the Eastern Cooperative 
Oncology group enrolled 64 eligible patients and assigned them randomly to receive i) 
four vaccinations with fowl pox-PSA (rF-PSA), ii) three rF-PSA vaccines followed by one 
vaccinia-PSA (rV-PSA) vaccine, or iii) one rV-PSA vaccine followed by three rF-PSA 
vaccines. In this trial the TRICOM-component was not included. The prime/boost 
schedule was well tolerated with a small amount of adverse events. Of the eligible 
patients, 45.3% of men remained free of PSA progression at 19.1 months and 78.1 % 
demonstrated clinical progression free survival. There was a trend favouring the 
treatment group that received a priming dose of rV-PSA (Kaufman et al., 2004). 
So in further trials using this approach rV-PSA priming was always followed by rF-PSA 
boostering. In the second phase II trial (n = 125 patients) it could be shown that at 3 years 
post study analysis, Prostvac-VF patients (n = 82) had a better OS with 25 (30 %) of 82 alive 
versus 7 (17 %) of 40 controls, longer median survival by 8.5 months (25.1 vs 16.6 months for 
controls), an estimated hazard ratio of 0.56 (95% CI, 0.37-0.85), and stratified log-rank p < 
0.01. There was a minor imbalance in favour of the Prostvac-VF arm in mean and median of 
some laboratory values. But integration of these factors plus performance status in the 
Halabi nomogram revealed a 1-month mean and 2-month median difference in predicted 
survival (mean and median of 20.4 months for controls vs mean of 21.4 months and median 
of 22.5 months for Prostvac-VF). The observed survival difference of 8.5 months far exceeds 
that predicted by the Halabi nomogram. So these data are – despite of OS being not the 
primary end point – considered clinically meaningful and strongly suggests that Prostvac-
VF immunotherapy may produce an OS benefit, but still regarded as hypothesis generating 
data as the authors state in the discussion of there recently published work (Kantoff et al., 
2010b). The National Cancer Institute (NCI) has also recently completed a third phase II 
study in 32 PCa bearing men in whom immune and regulatory T-cell responses were 
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subjects receiving the non-activated peripheral blood mononuclear cells. Such events included, 
but were not limited to, vomiting, fatigue, fever, chills, respiratory events (dyspnea, hypoxia, 
and bronchospasm), nausea, hypertension, and tachycardia. To minimize potential acute 
infusion reactions e.g. chills and/or fever, it is recommended to premedicate patients orally 
with an antihistamine prior to infusion of sipuleucel-T (Kanthoff et al., 2010b). 
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reported in 23.6 % and 4.0 % of patients in the sipuleucel-T group compared with 25.1 % and 
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FDA recommended the manufacturer to run a post-marketing study to assess the risk of 
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should be covered by the public. In comparison to other recently introduced drugs in 
other tumor entities (e.g. lung cancer or breast cancer) and based on the calculation of the 
achievable duration in life time the costs of sipuleucel-T has been calculate as about 10 
times higher (Longo, 2010). 

2.2 Other DC based vaccines 
A wide variety of other approaches using DCs have been studied, including evaluation of 
DCs pulsed with defined proteins like PSMA (Tjoa et al., 1999; Fishman, 2009), PSA (Barrou 
et al., 2004; Hildenbrand et al., 2007), xenogeneic PAP (Fong et al., 2001), PSCA (Thomas-
Kaskel et al., 2006), and telomerase (Vonderheide et al., 2004; Su et al., 2005). Strategies 
based on peptides included pulsing DCs with multiple but defined peptides (prostate stem 
cell antigen (PSCA14–22), prostatic acid phosphatase (PAP299–307), prostate-specific 
membrane antigen (PSMA4–12), Prostein (31-39), Survivin (95–104), Trp-p8 (187–195), and 
prostate-specific antigen (PSA154–163)) (Fuessel et al., 2006; Waeckerle-Men et al., 2006). To 
expand antitumor reactivity and prevent tumor escape from the immune system, 
researchers have used DCs genetically engineered to express an enlarged range of antigens 
by the use of tumor cell lysates (Pandha et al., 2004), and allogeneic PCa cell lines (DU145, 
LNCaP and PC-3) messenger RNA (Mu et al., 2005). 

3. DNA vaccines 
DNA vaccines are focused to the TAA which is used in a specific approach to switch the 
patient’s immune system. Most DNA vaccines have focused on tissue-specific (PAP, PSMA, 
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PSCA and PSA) rather than tumor-specific antigens. The major advantages of DNA vaccines 
is, at least compared with DC-based vaccines, that they are easy and inexpensive to produce 
and that with some viral vectors used in this attempt there is a huge body of experience as 
they have been used in millions of persons for preventive vaccinations against infective 
disease (Fioretti et al., 2010). 

3.1 Prostvac-VF approach 
This approach has been tested clinically in a number of phase I studies demonstrating 
safety of the vectors (Sanda et al., 1999; DiPaola et al., 2006; Arlen et al., 2007), and three 
phase II studies. Prostvac-VF consists of two genetically engineered viruses (recombinant 
Vaccinia (V) virus and Fowl pox (F) virus) administered in a sequential regimen. The 
virus strain used in Prostvac-V is a to some extent attenuated version of the virus used for 
smallpox immunization. Fowl pox viruses are unable to replicate in human cells but have 
been shown to be an effective way of boosting cellular immune responses primarily 
initiated using Vaccinia virus. The viral vectors are engineered to contain a gene encoding 
human PSA which contains an alteration in the HLA-A2 specific epitope that is planned 
to enhance the immunogenicity of the expressed antigen. In addition, these viruses both 
contain the genes encoding three co-stimulatory molecules, B7.1, ICAM-1 and LFA-3 
(together named TRICOM). The academic work to establish this vaccine platform was 
done in cooperation with industrial sponsorship initially with Therion Biologics 
Cambridge, MA and subsequently with BN ImmunoTherapeutics, Garcia Ave, CA 
(Madan et al., 2009). The first phase II trial conducted by the Eastern Cooperative 
Oncology group enrolled 64 eligible patients and assigned them randomly to receive i) 
four vaccinations with fowl pox-PSA (rF-PSA), ii) three rF-PSA vaccines followed by one 
vaccinia-PSA (rV-PSA) vaccine, or iii) one rV-PSA vaccine followed by three rF-PSA 
vaccines. In this trial the TRICOM-component was not included. The prime/boost 
schedule was well tolerated with a small amount of adverse events. Of the eligible 
patients, 45.3% of men remained free of PSA progression at 19.1 months and 78.1 % 
demonstrated clinical progression free survival. There was a trend favouring the 
treatment group that received a priming dose of rV-PSA (Kaufman et al., 2004). 
So in further trials using this approach rV-PSA priming was always followed by rF-PSA 
boostering. In the second phase II trial (n = 125 patients) it could be shown that at 3 years 
post study analysis, Prostvac-VF patients (n = 82) had a better OS with 25 (30 %) of 82 alive 
versus 7 (17 %) of 40 controls, longer median survival by 8.5 months (25.1 vs 16.6 months for 
controls), an estimated hazard ratio of 0.56 (95% CI, 0.37-0.85), and stratified log-rank p < 
0.01. There was a minor imbalance in favour of the Prostvac-VF arm in mean and median of 
some laboratory values. But integration of these factors plus performance status in the 
Halabi nomogram revealed a 1-month mean and 2-month median difference in predicted 
survival (mean and median of 20.4 months for controls vs mean of 21.4 months and median 
of 22.5 months for Prostvac-VF). The observed survival difference of 8.5 months far exceeds 
that predicted by the Halabi nomogram. So these data are – despite of OS being not the 
primary end point – considered clinically meaningful and strongly suggests that Prostvac-
VF immunotherapy may produce an OS benefit, but still regarded as hypothesis generating 
data as the authors state in the discussion of there recently published work (Kantoff et al., 
2010b). The National Cancer Institute (NCI) has also recently completed a third phase II 
study in 32 PCa bearing men in whom immune and regulatory T-cell responses were 
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evaluated. In that study, 13 of 28 evaluable patients had more than two-fold increases in 
PSA epitope specific immune responses, and four of five high responders (more than a six-
fold increase) survived >40 months, while low or non-responders had a median OS of 20 
months. The Halabi predicted survival of these metastatic CRPC patients was 17 months. Of 
interest is the Treg-cell course reported: Treg-cell suppressive function was shown to 
decrease following vaccine in patients surviving longer than predicted, and increase in 
patients surviving less than predicted (Gulley et al., 2010). Prostvac-VF immunotherapy is a 
promising approach, and a larger pivotal phase III trial is planned. If the data gained to date 
(OS benefit of 8.5 months) could be approved in a pivotal phase III trial – this platform is 
considered to be the next immunotherapy candidate for FDA approval. 
Main components of this approach (rV-PSA, rF-PSA and rV-B7.1) have also been tested in a 
two armed phase II trial with or without combining the vaccine and docetaxel (plus 
dexamethasone) showing that docetaxel can be administered safely with immunotherapy 
without inhibiting vaccine specific T-cell responses. The authors state that patients 
previously vaccinated with an anti-cancer vaccine respond longer to docetaxel compared 
with a historical control of patients receiving docetaxel alone (Arlen et al., 2006). 

3.2 Other viral vector-based vaccines 
A group at the University of Iowa, USA, used an adenovirus genetically engineered to carry 
the genetic information for PSA and injected one single amount of recombinant virus. They 
included 32 patients with measurable mCRPC in a phase I trial. Patients were treated with a 
single s.c. vaccine injection at one of three dose levels, either suspended in a Gelfoam matrix 
or as an aqueous solution. The vaccine was judged safe in both administration forms at all 
doses. Anti-PSA antibodies and anti-PSA T-cell responses were detected in the majority of 
individuals. As PSA doubling time (PSA-DT) was increased and half of the patients 
survived longer than predicted by the Halabi nomogram this vaccine could be stated safe 
and potentially clinical effective and should proceed to phase II (Lubaroff et al., 2009). 
A multicenter phase II trial in 40 patients with PSA progression used TG4010, a recombinant 
MVA vector expressing the tumor-associated antigen mucin 1 (MUC1) and Interleukin-2 
(IL-2) as an adjuvant. Despite the primary endpoint of a 50 % decrease in PSA values from 
baseline was not observed, in 13 of 40 patients a more than two fold improvement in PSA-
DT could be observed (p < 0.01 for all 40 patients) and ten patients had a PSA plateau for 
over 8 months demonstrating evidence of biologic activity (Dreicer et al., 2009). 

3.3 Other DNA-vaccines 
A phase I/II, dose escalation, DNA vaccination trial with plasmid DNA, coding for 
PSMA, fused to a domain (DOM1) of the C fragment of tetanus toxin was performed in 
patients with recurrent PCa. The DNA, was delivered either by i.m. injection without 
further manipulation or i.m. followed by electroporation. The PSMA epitope used in this 
study is a short stretch of 9 amino acids. Preliminary analysis of CD8+ T-cell reactivity 
against the PSMA target peptide indicated significant responses in three out of three 
patients and CD4+ T-cell responses against the DOM1. These data suggest electroporation 
as an effective method for stimulating the humoral system induced by DNA vaccination 
in humans (Low et al., 2009). 
Results of a phase I/II trial, conducted with DNA vaccine encoding human PAP co-
administered intradermally with GM-CSF, in PCa patients (stage D0) showed an 
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increased PSA-DT, 6.5 months pretreatment versus 9.3 months in the 1 year post 
treatment (McNeel et al., 2009). 
In a phase I/II trial a composition of 13 prostate-associated synthetic peptides (e.g. PSA, 
PSCA, PSMA, Survivin and Prostein) was used to counteract tumor escape mechanisms by 
genetic mutations or antigen loss. The TAA-epitopes were presented on HLA-A2 and on 
HLA-DR molecules, with the aim to activate a broad spectrum of CD8+ and CD4+ specific 
T-cells. The peptides were applied s.c. with or without immune stimulants (imiquimod, 
GM-CSF, MUC1-protamin complex). Four out of 19 men had a fivefold elevation of PSA-DT. 
Four individuals had minor PSA changes during vaccination and 11 patients showed 
progressive disease. In four men the vaccination was discontinued due to adverse events 
graded moderate. Although underpowered to draw definitive results imiquimod as an 
adjuvant seems beneficial (Feyerabend et al., 2009).  
In contrast to the later approach using a peptide cocktail it is also possible to induce immune 
responses (elevated DTH-reaction, increased IFNγ ELISPOT activity and decreased Treg-cell 
frequency) by only using a short active sequence existing of fourteen amino acids of the 
TAA HER2/neu. Such synthetic fragments (500 µg) were administered together with GM-
CSF in a phase I trial using a schedule of six intradermal vaccinations (Perez et al., 2010).  
A slightly different but unique approach is used by a group at the university of Kurume, 
Japan. They tested an individualized method of peptide vaccination based on preexisting 
cytotoxic T-cell and immunoglobulin (IgG) reactivity. Each patient was tested for reactivity 
among 16 immunogenic peptides known to bind to HLA-A24. Peptides were derived from a 
number of targets, including PAP, PSMA, multidrug resistance protein, PSA, and a variety 
of other epithelial tumor antigens. Each patient was immunized with four peptides on the 
basis of his reactivity panel. This personalized medicine approach was tested as 
monotherapy and in combination with chemotherapy. As the peptides were injected s.c. 
vaccines were well tolerated and showed reactivity (DTH-reactions, CTL and IgG responses) 
and clinical activity (PSA declines up to 30 % in four out of 17 patients (Uemura et al., 2010). 
In a second trial the combination with estramustine showed a better PFS as estramustine 
alone (p < 0.05) (Noguchi et al., 2010). 

4. Whole-tumor-cell vaccines 
While autologous whole-tumor-cell vaccines are derived from the patient’s own tumor cells 
in an often lengthy and pricey process, allogeneic whole-tumor-cell vaccines originate from 
various tumor cell lines and are easier to set up (Risk & Corman, 2009).  

4.1 Prostate GVAX® 
The GM-CSF-secreting cancer cell immunotherapy platform (GVAX®) (managed by Cell 
Genesys, South San Francisco, CA) was set up to be used in diverse types of carcinomas. The 
prostate GVAX® form uses two different PCa cell lines (PC3 and LNCaP) which have been 
modified through adenoviral transfer to secrete GM-CSF (Ward & McNeel, 2007). Analyses 
of these two cell lines showed up many genes well-known in human PCa metastases, 
including previously described prostate TAAs. The PC-3 cell line was derived from a PCa 
bone metastasis, and LNCaP was derived from a PCa metastasis to a lymph node. LNCaP 
was shown to express PAP, PSMA, PSA, urokinase-type plasminogen activator and prostate 
stem cell antigen (PSCA) (Simons et al., 1999; Kiessling et al., 2002; Lu & Celis, 2002). PC-3 
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evaluated. In that study, 13 of 28 evaluable patients had more than two-fold increases in 
PSA epitope specific immune responses, and four of five high responders (more than a six-
fold increase) survived >40 months, while low or non-responders had a median OS of 20 
months. The Halabi predicted survival of these metastatic CRPC patients was 17 months. Of 
interest is the Treg-cell course reported: Treg-cell suppressive function was shown to 
decrease following vaccine in patients surviving longer than predicted, and increase in 
patients surviving less than predicted (Gulley et al., 2010). Prostvac-VF immunotherapy is a 
promising approach, and a larger pivotal phase III trial is planned. If the data gained to date 
(OS benefit of 8.5 months) could be approved in a pivotal phase III trial – this platform is 
considered to be the next immunotherapy candidate for FDA approval. 
Main components of this approach (rV-PSA, rF-PSA and rV-B7.1) have also been tested in a 
two armed phase II trial with or without combining the vaccine and docetaxel (plus 
dexamethasone) showing that docetaxel can be administered safely with immunotherapy 
without inhibiting vaccine specific T-cell responses. The authors state that patients 
previously vaccinated with an anti-cancer vaccine respond longer to docetaxel compared 
with a historical control of patients receiving docetaxel alone (Arlen et al., 2006). 

3.2 Other viral vector-based vaccines 
A group at the University of Iowa, USA, used an adenovirus genetically engineered to carry 
the genetic information for PSA and injected one single amount of recombinant virus. They 
included 32 patients with measurable mCRPC in a phase I trial. Patients were treated with a 
single s.c. vaccine injection at one of three dose levels, either suspended in a Gelfoam matrix 
or as an aqueous solution. The vaccine was judged safe in both administration forms at all 
doses. Anti-PSA antibodies and anti-PSA T-cell responses were detected in the majority of 
individuals. As PSA doubling time (PSA-DT) was increased and half of the patients 
survived longer than predicted by the Halabi nomogram this vaccine could be stated safe 
and potentially clinical effective and should proceed to phase II (Lubaroff et al., 2009). 
A multicenter phase II trial in 40 patients with PSA progression used TG4010, a recombinant 
MVA vector expressing the tumor-associated antigen mucin 1 (MUC1) and Interleukin-2 
(IL-2) as an adjuvant. Despite the primary endpoint of a 50 % decrease in PSA values from 
baseline was not observed, in 13 of 40 patients a more than two fold improvement in PSA-
DT could be observed (p < 0.01 for all 40 patients) and ten patients had a PSA plateau for 
over 8 months demonstrating evidence of biologic activity (Dreicer et al., 2009). 

3.3 Other DNA-vaccines 
A phase I/II, dose escalation, DNA vaccination trial with plasmid DNA, coding for 
PSMA, fused to a domain (DOM1) of the C fragment of tetanus toxin was performed in 
patients with recurrent PCa. The DNA, was delivered either by i.m. injection without 
further manipulation or i.m. followed by electroporation. The PSMA epitope used in this 
study is a short stretch of 9 amino acids. Preliminary analysis of CD8+ T-cell reactivity 
against the PSMA target peptide indicated significant responses in three out of three 
patients and CD4+ T-cell responses against the DOM1. These data suggest electroporation 
as an effective method for stimulating the humoral system induced by DNA vaccination 
in humans (Low et al., 2009). 
Results of a phase I/II trial, conducted with DNA vaccine encoding human PAP co-
administered intradermally with GM-CSF, in PCa patients (stage D0) showed an 
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increased PSA-DT, 6.5 months pretreatment versus 9.3 months in the 1 year post 
treatment (McNeel et al., 2009). 
In a phase I/II trial a composition of 13 prostate-associated synthetic peptides (e.g. PSA, 
PSCA, PSMA, Survivin and Prostein) was used to counteract tumor escape mechanisms by 
genetic mutations or antigen loss. The TAA-epitopes were presented on HLA-A2 and on 
HLA-DR molecules, with the aim to activate a broad spectrum of CD8+ and CD4+ specific 
T-cells. The peptides were applied s.c. with or without immune stimulants (imiquimod, 
GM-CSF, MUC1-protamin complex). Four out of 19 men had a fivefold elevation of PSA-DT. 
Four individuals had minor PSA changes during vaccination and 11 patients showed 
progressive disease. In four men the vaccination was discontinued due to adverse events 
graded moderate. Although underpowered to draw definitive results imiquimod as an 
adjuvant seems beneficial (Feyerabend et al., 2009).  
In contrast to the later approach using a peptide cocktail it is also possible to induce immune 
responses (elevated DTH-reaction, increased IFNγ ELISPOT activity and decreased Treg-cell 
frequency) by only using a short active sequence existing of fourteen amino acids of the 
TAA HER2/neu. Such synthetic fragments (500 µg) were administered together with GM-
CSF in a phase I trial using a schedule of six intradermal vaccinations (Perez et al., 2010).  
A slightly different but unique approach is used by a group at the university of Kurume, 
Japan. They tested an individualized method of peptide vaccination based on preexisting 
cytotoxic T-cell and immunoglobulin (IgG) reactivity. Each patient was tested for reactivity 
among 16 immunogenic peptides known to bind to HLA-A24. Peptides were derived from a 
number of targets, including PAP, PSMA, multidrug resistance protein, PSA, and a variety 
of other epithelial tumor antigens. Each patient was immunized with four peptides on the 
basis of his reactivity panel. This personalized medicine approach was tested as 
monotherapy and in combination with chemotherapy. As the peptides were injected s.c. 
vaccines were well tolerated and showed reactivity (DTH-reactions, CTL and IgG responses) 
and clinical activity (PSA declines up to 30 % in four out of 17 patients (Uemura et al., 2010). 
In a second trial the combination with estramustine showed a better PFS as estramustine 
alone (p < 0.05) (Noguchi et al., 2010). 

4. Whole-tumor-cell vaccines 
While autologous whole-tumor-cell vaccines are derived from the patient’s own tumor cells 
in an often lengthy and pricey process, allogeneic whole-tumor-cell vaccines originate from 
various tumor cell lines and are easier to set up (Risk & Corman, 2009).  

4.1 Prostate GVAX® 
The GM-CSF-secreting cancer cell immunotherapy platform (GVAX®) (managed by Cell 
Genesys, South San Francisco, CA) was set up to be used in diverse types of carcinomas. The 
prostate GVAX® form uses two different PCa cell lines (PC3 and LNCaP) which have been 
modified through adenoviral transfer to secrete GM-CSF (Ward & McNeel, 2007). Analyses 
of these two cell lines showed up many genes well-known in human PCa metastases, 
including previously described prostate TAAs. The PC-3 cell line was derived from a PCa 
bone metastasis, and LNCaP was derived from a PCa metastasis to a lymph node. LNCaP 
was shown to express PAP, PSMA, PSA, urokinase-type plasminogen activator and prostate 
stem cell antigen (PSCA) (Simons et al., 1999; Kiessling et al., 2002; Lu & Celis, 2002). PC-3 
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was shown to express glutathione S-transferase, mutant p53, CEA, and urokinase-type 
plasminogen activator (Warren & Weiner, 2000). GM-CSF – the cytokine the GVAX 
inventors have chosen as to further augment their vaccine – has shown some impact in PCa 
patients (PSA modulations) if administered as a solely therapeutic agent (Small et al., 1999; 
Dreicer et al., 2001; Schwaab et al., 2006). However, the use of GM-CSF might be challenged 
by counterregulatory immune responses that aim to reduce the expansion of cytotoxic T 
cells, thereby limiting antitumor activity. The use of GM-CSF for anti-cancer 
immunostimulation has caused some concerns as GM-CSF is associated with the presence of 
CD34+myeloid suppressor cells. Besides that it has been shown that GM-CSF is secreted by 
some carcinomas (Bronte et al., 1999) with a clinically relevant worse outcome (e. g. higher 
rate of recurrence) as in tumors with lesser CD34+cells which release Transforming Growth 
Factor (TGF) β inhibiting T-cell functions (Young, et al., 1997). This knowledge is important 
to determine the best use of GM-CSF and generally, low doses of GM-CSF are associated 
with greater stimulation of the immune response than higher doses which might create a 
counterproductive immune response via inducible nitric oxide synthase (iNOS) in well 
designed mouse data. This immunosupression could be abandoned by the specific iNOS 
inhibitor, L-NMMA, resulting in restored antigenspecific T-cell responsiveness in vitro 
(Serafini et al., 2004). Therefore, it is critical to optimize the use of GM-CSF, in order to 
improve, rather than hamper, the immune response (Harzstark et al., 2009).  
In a first phase I/II trial (coded G9802) a fixed total cell dose of 1.2 × 108 cells (6 × 107 per cell 
line) was used in hormone therapy-naïve patients with PSA recurrence following radical 
prostatectomy and absence of radiologic metastases. GM-CSF secretion from the clinical lots 
used in this trial was 150 ng/106 cells/24 h (LNCaP) and 450 ng/106 cells/24 h (PC-3). 
Patients were vaccinated weekly via intradermal injections for 8 weeks and resulted in one 
patient having a partial PSA response of 7 month duration. The injection sites were found to 
have invasion of inflammatory cells and APCs on histopathology. At 20 weeks after the first 
treatment, 16 of 21 treated patients showed a statistically significant decrease in PSA 
velocity (slope) compared with prevaccination PSA course (Simons et al., 2006) (Urba et al., 
2008). Two further uncontrolled single-arm phase II studies included asymptomatic CRPC 
patients with (n = 34) or without (n = 21) metastases (G9803 trial) and only men with 
metastases (n = 80) (G0010 trial). The two trials have shown anti-tumor effects of prostate 
GVAX®, the first one (G9803 trial) demonstrating an overall survival benefit of 34.9 versus 
26.2 months in the mCRPC subgroup (n = 34) (Small et al., 2007) and the other (G0010 trial), 
a study in which the vaccine was re-engineered to secrete a higher dose of GM-CSF, 
showing an OS ranging from 20.0 to 29.1 months (n = 80) depending on dosing regimen. 
Dose levels ranged from 1 × 108 cells q28d × 6 to as many as 5 × 108 cells prime/3 × 108 cells 
boost q14d × 11. Besides the differences in OS also the proportion of men who generated an 
antibody response to one or both cell lines increased with dose and included 10 of 23 in the 
low-dose up to 16 of 18 in the highest dose group (p < 0.01; Cochran-Armitage trend test) 
(Higano et al., 2008). A combined expanded retrospectively analyses of antibody response 
using the data from the three above mentioned trials indicated a significant (p < 0.05) 
association of alternative reading frame protein (TARP) antibody induction and median 
survival time (Nguyen et al., 2010). No dose-limiting or autoimmune toxicities were seen. 
The most common adverse events in both studies were injection-site erythema, myalgias, 
fatigue, malaise, and arthralgias. Based on these promising findings, two powerful sized 
randomized phase III studies of GVAX immunotherapy (VITAL-1 and VITAL-2) were set 
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up. VITAL-1 involved 626 men with asymptomatic chemotherapy-naïve CRPC, and 
randomized them to GVAX or docetaxel/prednisone, with OS as the primary endpoint. The 
trial was terminated in October 2008 based on the results of a previously unplanned futility 
analysis conducted by the study´s Independent Data Monitoring Committee (IDMC), which 
indicated that the trial had a less than 30 % chance of showing OS (predefined primary 
endpoint) (Higano et al., 2009b). VITAL-2 was designed initially to enrol 600 men with 
symptomatic mCRPC, randomizing them to docetaxel/prednisone or docetaxel/GVAX. It 
was haltered after having enrolled patients for two years (n = 408) in August 2008 as 
mortality appeared to be higher in men on the investigational arm receiving 
docetaxel/GVAX (67 vs. 47 respectively). Preliminary analysis revealed no significant 
difference in the patients baseline characteristics of toxic effect that could explain the 
unexpected discrepancy in death rate. A survival advantage (14.1 vs 12.2 moths; HR 1.7, 95 
% CI 1.15-2.53) was seen in the control arm (doxetacel-prednisone) over the experimental 
(GVAX-doxetacel) arm (Small et al., 2009). Further evaluation has not yet been released and 
due to this contradictory data the future of GVAX is unclear. 
Two other whole-tumor-cell vaccines (ONY-P1 and LNCaP-IL2-IFNγ) have finished phase 
I/II trials and released results.  

4.2 ONY-P1 
ONY-P1 (managed by Onyvax, Ltd, London, UK) consists of three irradiated PCa cell 
lines given to 26 patients with nonmetastatic CRPC intradermally (2.4 × 107 cells per 
injection), once a month for up to 12 month. In total 11 of the 26 patients demonstrated a 
prolonged decrease in their PSA-velocity (PSAV). None of the treated patients 
experienced any significant toxicity. Median time to disease progression was 58 weeks. 
PSAV-responding patients showed a titratable TH1 cytokine release profile in reply to 
restimulation with a vaccine lysate, while non-responders showed a mixed TH1 and TH2 
response. Furthermore, immunologic profile correlated with PSAV response by artificial 
neural network analysis (Michael et al., 2005).  

4.3 LNCaP-IL2-IFNγ 
This approach uses only LNCaP cells retrovirally transduced with a N2/huIL2/huIFNγ-
vector, resulting in IL-2 and IFNγ secretion. The two cytokines chosen for this approach 
have been used for immunostimulation solely and in combination in a variety of tumors 
(Brill et al., 2007; Dieli et al., 2007) and both substances are FDA approved single agents. 
Expression of tumor-associated antigens is upregulated after treatment with IFNγ via IFNγ-
inducible genes, thereby increasing the susceptibility of tumors to MHC restricted 
CD8+CTL-mediated killing (Gansbacher et al., 1990a; Shankanan et al., 2001; Propper et al., 
2003; Dunn et al., 2005). IL-2 is a well-known T cell growth factor, which is traditionally 
implicated in the agonistic stimulation of immune responses (Gansbacher et al., 1990b; 
Rosenthal et al., 1994) and FDA approved for systemic application against metastatic renal 
cell cancer. IL-2 is the only cytokine to date not been detected to be produced by any cancer. 
LNCaP cells, as mentioned above (see GVAX) express some relevant TAAs but in contrast to 
other PCa cell lines used as cancer vaccines, do not express transforming growth factor 
(TGF)-β. After detailed investigation of the safety profile with special attention to induction 
of autoimmunity (n = 3 patients at a dose level of 7,5 × 106 cells) (Brill et al., 2007), further 
patients (n = 27) were scheduled to receive four intradermal vaccine injections (dose level of 
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was shown to express glutathione S-transferase, mutant p53, CEA, and urokinase-type 
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to determine the best use of GM-CSF and generally, low doses of GM-CSF are associated 
with greater stimulation of the immune response than higher doses which might create a 
counterproductive immune response via inducible nitric oxide synthase (iNOS) in well 
designed mouse data. This immunosupression could be abandoned by the specific iNOS 
inhibitor, L-NMMA, resulting in restored antigenspecific T-cell responsiveness in vitro 
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boost q14d × 11. Besides the differences in OS also the proportion of men who generated an 
antibody response to one or both cell lines increased with dose and included 10 of 23 in the 
low-dose up to 16 of 18 in the highest dose group (p < 0.01; Cochran-Armitage trend test) 
(Higano et al., 2008). A combined expanded retrospectively analyses of antibody response 
using the data from the three above mentioned trials indicated a significant (p < 0.05) 
association of alternative reading frame protein (TARP) antibody induction and median 
survival time (Nguyen et al., 2010). No dose-limiting or autoimmune toxicities were seen. 
The most common adverse events in both studies were injection-site erythema, myalgias, 
fatigue, malaise, and arthralgias. Based on these promising findings, two powerful sized 
randomized phase III studies of GVAX immunotherapy (VITAL-1 and VITAL-2) were set 
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LNCaP cells, as mentioned above (see GVAX) express some relevant TAAs but in contrast to 
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1.5 × 107 cells) on days 1, 15, 29, and 92. In the absence of disease progression, patients 
received further vaccinations every three months – resulting in a total amount of more or 
less 100 million cells/year – as compared to 4,600 million used in other trials (see GVAX). 
The primary study criteria were safety and the difference in PSA-DT, determined in the 
pretreatment phase (before the start of vaccination) and in the trial treatment phase 
(during vaccination). During vaccination there was a significant prolongation of the PSA-
DT compared with the prevaccination period (from 63 to 114 days (p < 0.01; intention to 
treat analyses)). The median overall survival time from first vaccination was 32 months - 
the median Halabi-predicted survival in these thirty heavily pretreated mCRPC-patients 
was calculated as low as 15 months. Despite such comparisons of assessed and Halabi-
predicted survival are widely accepted to compare patients groups and even different 
approaches (Lubaroff et al., 2009; Gulley et al., 2010; Kantoff et al., 2010b) these data are to 
be categorized somehow as speculative. ELISPOT based immune monitoring revealed T-
cell stimulation in the majority of patients and artificial network analysis showed best 
predictive value for a response to the vaccination for survirvin-reactivity at day 36 (Brill et 
al., 2009). 

5. Approaches to overcome tumor induced immunosuppression 
Three strategies have reached clinical phases in this respect: i) Inhibition of CTLA-4, ii) 
depletion of Treg-cells, and blocking programmed death-1 (PD-1) checkpoint. 
CTLA-4 is a T-cell surface glycoprotein that is up regulated following T-cell activation to 
restrain the immune response. Its main task is to prevent autoimmunity by regulating the 
body’s immune response to self antigens. Two fully human mAbs focussed to block 
CTLA-4 are at this time in clinical development: ipilimumab (MDX-010; Medarex/Bristol-
Myers Squibb, Princeton, NJ) and tremelimumab (CP-675,206; Pfizer, New York, NY). The 
later is an immunoglobulin G2 antibody and ipilimumab is an immunoglobulin G1κ 
antibody; both bind to CTLA-4 with affinities less than 1 nmol/L. T-cells express two 
counteracting receptors on their cell surface – CD28 and CTLA-4. Both bind to the same 
ligands or co-stimulatory molecules on the outside of APCs (B7.1 and B7.2). Binding to 
CD28 results in activating T-cells, while interacting with CTLA-4 inhibits T-cell 
stimulation. In the first human phase I trial the use of an anti–CTLA-4 antibody alone in 
men with PCa, 14 patients with progressive mCRPC, seven of whom had received prior 
chemotherapy, were given one single dose of ipilimumab. Two patients demonstrated 
PSA declines of > 50 % and two patients established prolongation of their PSA-DT (Small 
et al., 2007b). These data suggest – as these end stage patients got no other therapy besides 
anti-CTLA-4 mAb – that some degree of immune “autopriming” exists even in a difficult 
stage of disease, with an ongoing low-level presentation of antigen, perhaps from basal 
apoptotic rates, which can then be enhanced with CTLA-4 blockade (Harzstark et al., 
2009). Blocking CTLA-4 has been shown to prolong and potentiate immune responses to 
vaccine in two phase I trials (one as combination with GVAX; the other as combination 
with Prostvac-VF) (Arlen et al., 2009). Combinations of ipilimumab with chemotherapy as 
if vaccine has been successful in malignant melanoma and ipilimumab was recently 
approved for this purpose by the FDA (Hodi et al., 2010; Robert et al., 2011). 
Treg-cells are induced during vaccination and the expansion of Treg-cells already present in 
the patient are possible factors causative to impaired vaccine efficacy by suppressing CD4+ 
and CD8+ effector T-cells through IL-2 consumption, the secretion of suppressive cytokines, 
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and cytolysis. Therefore, combining the elimination of Treg-cells – achieved in specific (via 
mAb) or unspecific (via low dose chemotherapy) manor – with therapeutic immunotherapy 
approaches seems promising. When comparing DC vaccination in patients with renal cell 
carcinoma (RCC) with/without previous elimination of Treg-cells by an IL-2 diphtheria 
toxin conjugate (Denileukin diftitox; ONTAK®), a higher immune response rate was 
achieved in the Denileukin diftitox group (Dannull et al, 2005). Low, i.e. not tumoricidal 
doses of chemotherapy can also synergize with vaccination: It could be shown that low dose 
cyclophosphamide selectively diminishes quantity and function of Treg-cells with little 
effect on other lymphocyte subpopulations (Ghiringhelli et al., 2007). Besides low dose 
chemotherapy it has been noticed in individuals with RCC that the multi-kinase inhibitor 
sunitinib shows depletion of Treg-cells (Finke et al, 2008; Kusmartsev & Vieweg, 2009). 
Besides Treg-cells (CD4+CD25highFoxP3+T-cell) other subsets of immune cells with 
suppressive function are focused in preclinical studies (e.g. CD4+NKT-cells, MDSCs, tumor 
associated Macrophages, and CD4+TH2-cells) (Palena & Schlom, 2010). 
PD-1 is another co-inhibitory receptor molecule expressed on activated T-lymphocytes and 
functioning as an immune checkpoint. When PD-1 is bound by its ligand, T-cell proliferation 
and activation are inhibited, resulting in inhibition of anti-tumor immune responses (Blank 
& Mackensen, 2007). Expression of the PD-1 ligand has been described on a variety of 
human tumor cells including PCa, leading to decreased tumor-specific immunogenicity 
(Ebelt et al., 2009). In addition, expression of the PD-1 ligand correlates with a poorer 
prognosis in some human malignancies. MDX-1106, a fully human anti-PD-1 blocking 
antibody, is the first agent in its class to reach human clinic. Results of a phase I trial using 
MDX-1106 in patients with refractory metastatic solid tumors (including metastatic CRPC) 
were recently published and shows signs of immunological impact and clinical response – 
but not jet in the included PCa patients (Brahmer et al., 2010). Common side effects of this 
agent – but also seen in trials blocking CTLA-4 and after depleting Treg-cells – include 
subclinical hypothyroidism, colitis and autoimmune arthritis.  
Other targets but to date only in preclinical research are TH17 cells and B7-inhibitors. For 
TH17cells it is known that TGF-β together with IL-6 in addition to IL-1-β, IL-21 or IL-23 
promotes development of TH17 cells (OConnor et al., 2010). The role of that TH-subtype in 
cancer vaccine settings is not clear yet. They have a well defined function in autoimmune or 
autoinflammatory-associate pathology as they at least in some aspects (e.g. production of IL-
10) act like Treg-cells. The frequency of IL-17 producing T-cells might correlate with clinical 
response to therapeutic vaccination in CRPC patients (Derhovanessian et al., 2009). B7 is a 
co-signal important in T-cell development (see Prostvac-VF) and B7-inhibitors are 
constitutively expressed in numerous types of human tumors and had been shown to 
support evasion of tumor immunity by promoting apoptosis of activated effector T-cells, 
inhibiting IL-2 production and tumor resistance to T-cell mediated lysis. B7-inhibtors can be 
blocked by new drugs tested in preclinical models resulting in enhanced cytotoxic T-cell 
responses against TAAs (Palena & Schlom, 2010).  

6. Points to consider: Safety, regulatory and ethical issues 
Immunostimulatory trials in various cancer entities has often been judged as limited in the 
impact but have always been seen as at least non toxic and so not harming the patients. AEs 
seen in vaccine trials have in most cases be limited to local injection side reactions. Vaccines 
which use a cytokine in addition reported flu-like symptoms but not above grade 2. If 
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CTLA4-antibodies are used or Tregs-cells depleted some aspects of autoimmunity and other 
immunological break through events has been seen up to grade 3. In a combination of 
chemotherapy with vaccine (see GVAX) there were more deaths and diminished OS noticed 
in the combination arm. 
AEs seen in the sipuleucel-T trials could be explained by the i.v. re-infusion of cells which 
had been manipulated outside the body as the AEs were as common in the verum group 
(stimulated T-cell re-infusion) as in the control group (unstimulated T-cell re-infusion). Also 
in other clinical trials severe up to fatal acute infusion reactions had caused concerns after 
re-infusion of immune cells. While for sipuleucel-T the total amount of cells is unknown - 
only the total amount of CD54+ cells is adjusted to a minimum of 5 × 108 APCs - patients 
with fatal AE received 2 × 109 and 10 × 1010 gene modified T-cells respectively (Brentjens et 
al., 2010; Morgan et al., 2010). So one could state that for vaccines based on DCs the i.v. 
application route seems not to be ideal and even more doubtful as other routes of 
application with a better safety profile are well established (e. g. intranodal (inguinal lyph 
node) (Mu et al., 2005), subcutaneous (Vonderheide et al., 2004; Hildenbrand et al., 2007) or 
intradermal re-infusion of DCs (Mu et al., 2005; Su et al., 2005; Waeckerle-Men et al., 2006; 
Hildenbrand et al., 2007; Sampson et al., 2009; Toh et al., 2009)) in urological and other 
tumor entities. 
Cancer vaccines are a diverse array of therapeutics with several mechanisms of action – and 
some times the mode of action is not well known even for products having succeeded in 
late-stage trials. So cancer vaccines are a challenge for the regulators, researchers and 
sponsors in several aspects: i) preclinical testing and the need for relevant animal models, ii) 
finding the proper dose, iii) trial design especially assessment of the right end point, and iv) 
attempts to conduct cancer vaccine trials in early state patients. 
Besides some basic ethical questions – e.g. is it ethical to do a placebo treatment in a cancer 
patient at all – an other challenge in cancer vaccine research is to investigate what healthcare 
strategies and interventions offer the greatest benefits to individual patients and the 
population as a whole, that means to do comparative effectiveness research (CER) which to 
date has not been performed in the cancer vaccine field at all (Stewart et al., 2010). 
Undertaking any type of CER in oncology, calls for an outcomes measurement that can 
capture quality-of-life (QOL) measures. Most treatment decisions in cancer care are made 
with palliative intent or with probabilities of cure that must be weighed against the toxicity 
side-effects of the treatment. Although great strides have been made in the use of targeted 
therapies with more favourable side-effect profiles, oncologists remain extremely aware of 
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1. Introduction 
In western countries, prostate cancer is the most common non-dermatological malignant 
disease in men. An estimated 217730 new cases will have been diagnosed in 2010 in the USA 
(Jemal A et al., 2010) and 382250 cases were diagnosed in 2008 in Europe (Ferlay J et al., 2010), 
accounting for 28% and 22% of new non-cutaneous cancer diagnoses, respectively.  
Bone is one of the most common sites of metastatic disease in patients with cancer, affecting 
approximately 400,000 patients each year. Nearly 70% of patients with advanced breast or 
prostate cancer will experience bone lesions; 50% of these patients will develop a secondary 
skeletal complications which represents a substantial disease and economic burden 
(Schulman KL & Kohles J, 2007).  
The pathologic penetration of bone by tumour tissue can lead to numerous skeletal-related 
events, such as hypercalcemia, fracture, spinal cord compression, and potentially 
debilitating bone pain (Berruti A et al., 2002). Often these consequences result in the need for 
radiological and surgical intervention. Along with these therapies, pharmacological 
management is required to help reduce symptoms, prevent recurrence and further improve 
patients’ quality of life. 
Prostate carcinoma is the most common visceral malignancy and the second leading cause 
of death from cancer in men (Diamond T et al., 2004). Androgen-deprivation therapy (ADT), 
either alone (as depot gonadotrophin releasing hormone agonist) or in combination with 
antiandrogens (such as flutamide, bicalutamide, or cyproterone acetate), is recommended 
treatment for men with metastatic or locally advanced, non-metastatic prostate carcinoma 
(Fowler JE et al., 2002). Although it has been demonstrated that this form of therapy 
significantly reduces tumour growth and improves survival beyond 3 years after 
completion (Bolla M et al., 1997), there is growing concern regarding the negative effects of 
ADT on the skeleton. Accelerated bone loss, osteoporosis, and a potential for increased. 
Fracture rates have been reported in men with prostate carcinoma who are receiving ADT. 
Because many patients who present with prostate carcinoma are elderly and may have 
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events, such as hypercalcemia, fracture, spinal cord compression, and potentially 
debilitating bone pain (Berruti A et al., 2002). Often these consequences result in the need for 
radiological and surgical intervention. Along with these therapies, pharmacological 
management is required to help reduce symptoms, prevent recurrence and further improve 
patients’ quality of life. 
Prostate carcinoma is the most common visceral malignancy and the second leading cause 
of death from cancer in men (Diamond T et al., 2004). Androgen-deprivation therapy (ADT), 
either alone (as depot gonadotrophin releasing hormone agonist) or in combination with 
antiandrogens (such as flutamide, bicalutamide, or cyproterone acetate), is recommended 
treatment for men with metastatic or locally advanced, non-metastatic prostate carcinoma 
(Fowler JE et al., 2002). Although it has been demonstrated that this form of therapy 
significantly reduces tumour growth and improves survival beyond 3 years after 
completion (Bolla M et al., 1997), there is growing concern regarding the negative effects of 
ADT on the skeleton. Accelerated bone loss, osteoporosis, and a potential for increased. 
Fracture rates have been reported in men with prostate carcinoma who are receiving ADT. 
Because many patients who present with prostate carcinoma are elderly and may have 
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preexisting osteoporosis, subclinical vitamin D deficiency, or any of a multitude of medical 
problems, the risk of skeletal deterioration is increased (Elliot ME et al., 2002).  

2. Diagnosis of osteoporosis in men 
Bone mineral density (BMD) is considered to be the gold standard for diagnosing and 
assessing the severity of osteoporosis and fracture risk in women. The role of BMD in men is 
less clear. BMD is measured most commonly by dual-energy X-ray absorptiometry (DXA), 
but quantitative computed tomography (QCT) of the lumbar spine also is used, particularly 
in research studies (Faulkner KG et al., 1998). 
BMD of the wrist and hip, after adjusting for age, is a strong predictor of fracture risk 
(Melton L et al., 1998). Although the BMD criteria for diagnosing osteoporosis in men 
remain controversial (Binkley NC et al., 2002), a definition based on World Health 
Organization recommendations is accepted currently. 
According to definition, osteoporosis exists when the BMD value is > 2.5 standard 
deviations (SD) below the peak young normal mean reference range (T-score < 2.5). 
Accurate T-score calculations in individual men can be obtained from bone densitometers 
using standardized software derived from reference databases for ‘healthy’ Caucasian 
men ages 20–40 years. In elderly men, it has been reported that advanced 
spondyloarthropathy, facet joint disease, and aortic calcification elevate spinal BMD 
falsely, as assessed by DXA (Zmuda JM et al., 2000)). Spinal BMD of the second through 
fourth lumbar vertebrae should be measured routinely to diagnose osteoporosis. 
Interpretation of the results often requires the addition of spinal radiographs to improve 
diagnostic accuracy. QCT of the lumbar spine, using the new three-dimensional multislice 
scanners, may overcome this problem, but it is not available at many centers; this 
technique has the ability to accurately define a region of interest unconfounded by 
extravertebral calcification (Faulkner KG et al., 1998; Weigert JM & Cann CE, 1988). 
Femoral neck DXA in elderly men, for practical purposes, is used routinely for the 
diagnosis of osteoporosis, especially if spinal BMD is pseudoelevated. Both spinal BMD 
and total hip BMD are the preferred sites for monitoring changes in BMD in response to 
therapies (Kaufman JM et al., 2000; Lenchik L et al., 2002). In a recent study, the relative 
risk of hip fracture in men was 3.0 (range, 1.7–5.4) for each SD decrease in femoral neck 
BMD (Delaet C et al., 1998). Longitudinal studies suggest that the rate of lumbar spine 
bone loss in elderly men is approximately 5–10% per decade, with acceleration after age 
75 years. Femoral neck bone loss in normal elderly men is estimated at approximately 
0.7% per year (Jones G et al., 2004). A number of factors may increase the bone loss 
normally associated with aging. These include physical immobility, poor nutrition, 
reduced calcium dietary intake and intestinal absorption, vitamin D deficiency, increased 
cytokines, reduced growth factors and osteoblastic activity, and a gradual decline in 
gonadal androgen production (Kaufman JM et al., 2000). Accelerated bone loss similar to 
that seen in women undergoing bilateral oophorectomy has been demonstrated in men 
with hypogonadism who undergo gonadectomy (Daniell HW, 1997) or who receive ADT 
(Bruder JM & Welch MD, 2002; Yaturu S et al., 2002). In male sex offenders who 
underwent surgical castration, spinal bone loss occurred at a rate of 4% per year (Stepan JJ 
et al., 1999). Because these rates of loss are higher compared with the rates of loss 
observed in otherwise healthy elderly men, the abrupt loss of sex steroids appears to 
initiate a period of rapid bone loss. 

 
Skeletal Related Events in Prostate Cancer: Important Therapeutic Considerations 

 

317 

3. Bone health in prostate cancer 
In advanced prostate cancer, 65–75% of patients may eventually develop bone metastases. It 
is also important to note that approximately 10% of men with prostate cancer have bone 
metastases at initial presentation. Almost all patients who die of prostate cancer have bone 
involvement (Greenspan SL, 2008). 
Men with prostate carcinoma who are treated with ADT are elderly and are at risk for a 
wide variety of metabolic bone problems. In a recent retrospective study of 125 men with a 
mean age of 77 years who were treated with ADT, Bruder and Welch reported a 27% 
prevalence of osteoporosis and a 51% prevalence of osteopenia (lumbar spine or femoral 
neck BMD T-score, -2.5 to -1.0) (Bruder JM & Welch MD, 2002); furthermore, 44% of the 
cohort had biochemical evidence of vitamin D insufficiency and secondary 
hyperparathyroidism.  
Osteoporosis has become an increasingly important problem in men’s health, accounting for 
significant morbidity in the aging male population. Patients with prostate cancer treated 
with ADT are at a high risk of osteoporosis. These patients may have additional morbidity 
from decreased bone mineralization, such as skeletal fractures. Moreover, a direct 
association has been noted between fractures and a decreased quality of life and increased 
mortality (Gilbert SM & Mckiernan JM, 2005). 
The prevalence of osteoporosis is lower in men than in women for several physiologic 
reasons, including a greater accumulation of skeletal mass during growth, greater bone size, 
absence of midlife menopause, a slower rate of bone loss, and a shorter male life expectancy 
(Amin S & Felson DT, 2001). The rates of annual bone mass loss in aging men range from 
0.5% to 1% compared with 1% to 2% in women (Gilbert SM & Mckiernan JM, 2005; Smith 
MR, et al., 2001). The prevalence of osteoporosis increases progressively during ADT, 
reaching almost 50% after 4 years of ADT and more than 80% after 10 years. In contrast, it 
affects 35.4% of hormone-naive patients with prostate cancer (Morote J, et al., 2007).  

4. Mechanism of metastatic development 
In healthy adults, bone physiology is a dynamic, coordinated process controlled by 2 types 
of cells: osteoclasts and osteoblasts. Through a balanced remodeling process, osteoclasts 
resorb bone, and osteoblasts build bone at the same site (Coleman RE, 2001; Rosen LS, et al., 
2003). This bone remodeling sequence consists of 4 distinct phases: activation, resorption, 
reversal, and formation. 
Bone metastases are often characterized by their radiographic appearance as either 
osteolytic, osteoblastic, or mixed or mixed. Most patients with breast cancer have 
predominantly mixed or osteolytic lesions (Coleman RE, 2001; Rosen LS, et al., 2003). In 
contrast, patients with prostate cancer are often found to have predominantly osteoblastic 
lesions. However, regardless of appearance, there is significant osteolytic activity. In fact, 
osteolytic activity in these lesions often is comparable with, if not higher than, that typically 
seen in breast cancer and multiple myeloma. Such activity has been demonstrated by 
markedly elevated biochemical markers of bone resorption in the serum and urine of such 
patients. Only in multiple myeloma do purely lytic bone lesions develop (Coleman RE, 2001; 
Rosen LS, et al., 2003).  
Several mechanisms have been proposed for metastatic spread to the bone. Early animal and 
human evaluations demonstrated that breast and pelvis tissue drain directly into the veins 
of the spine, increasing the deposition of metastatic cells into the bone marrow (Coleman 
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preexisting osteoporosis, subclinical vitamin D deficiency, or any of a multitude of medical 
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(Melton L et al., 1998). Although the BMD criteria for diagnosing osteoporosis in men 
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deviations (SD) below the peak young normal mean reference range (T-score < 2.5). 
Accurate T-score calculations in individual men can be obtained from bone densitometers 
using standardized software derived from reference databases for ‘healthy’ Caucasian 
men ages 20–40 years. In elderly men, it has been reported that advanced 
spondyloarthropathy, facet joint disease, and aortic calcification elevate spinal BMD 
falsely, as assessed by DXA (Zmuda JM et al., 2000)). Spinal BMD of the second through 
fourth lumbar vertebrae should be measured routinely to diagnose osteoporosis. 
Interpretation of the results often requires the addition of spinal radiographs to improve 
diagnostic accuracy. QCT of the lumbar spine, using the new three-dimensional multislice 
scanners, may overcome this problem, but it is not available at many centers; this 
technique has the ability to accurately define a region of interest unconfounded by 
extravertebral calcification (Faulkner KG et al., 1998; Weigert JM & Cann CE, 1988). 
Femoral neck DXA in elderly men, for practical purposes, is used routinely for the 
diagnosis of osteoporosis, especially if spinal BMD is pseudoelevated. Both spinal BMD 
and total hip BMD are the preferred sites for monitoring changes in BMD in response to 
therapies (Kaufman JM et al., 2000; Lenchik L et al., 2002). In a recent study, the relative 
risk of hip fracture in men was 3.0 (range, 1.7–5.4) for each SD decrease in femoral neck 
BMD (Delaet C et al., 1998). Longitudinal studies suggest that the rate of lumbar spine 
bone loss in elderly men is approximately 5–10% per decade, with acceleration after age 
75 years. Femoral neck bone loss in normal elderly men is estimated at approximately 
0.7% per year (Jones G et al., 2004). A number of factors may increase the bone loss 
normally associated with aging. These include physical immobility, poor nutrition, 
reduced calcium dietary intake and intestinal absorption, vitamin D deficiency, increased 
cytokines, reduced growth factors and osteoblastic activity, and a gradual decline in 
gonadal androgen production (Kaufman JM et al., 2000). Accelerated bone loss similar to 
that seen in women undergoing bilateral oophorectomy has been demonstrated in men 
with hypogonadism who undergo gonadectomy (Daniell HW, 1997) or who receive ADT 
(Bruder JM & Welch MD, 2002; Yaturu S et al., 2002). In male sex offenders who 
underwent surgical castration, spinal bone loss occurred at a rate of 4% per year (Stepan JJ 
et al., 1999). Because these rates of loss are higher compared with the rates of loss 
observed in otherwise healthy elderly men, the abrupt loss of sex steroids appears to 
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is also important to note that approximately 10% of men with prostate cancer have bone 
metastases at initial presentation. Almost all patients who die of prostate cancer have bone 
involvement (Greenspan SL, 2008). 
Men with prostate carcinoma who are treated with ADT are elderly and are at risk for a 
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neck BMD T-score, -2.5 to -1.0) (Bruder JM & Welch MD, 2002); furthermore, 44% of the 
cohort had biochemical evidence of vitamin D insufficiency and secondary 
hyperparathyroidism.  
Osteoporosis has become an increasingly important problem in men’s health, accounting for 
significant morbidity in the aging male population. Patients with prostate cancer treated 
with ADT are at a high risk of osteoporosis. These patients may have additional morbidity 
from decreased bone mineralization, such as skeletal fractures. Moreover, a direct 
association has been noted between fractures and a decreased quality of life and increased 
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reasons, including a greater accumulation of skeletal mass during growth, greater bone size, 
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MR, et al., 2001). The prevalence of osteoporosis increases progressively during ADT, 
reaching almost 50% after 4 years of ADT and more than 80% after 10 years. In contrast, it 
affects 35.4% of hormone-naive patients with prostate cancer (Morote J, et al., 2007).  
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2003). This bone remodeling sequence consists of 4 distinct phases: activation, resorption, 
reversal, and formation. 
Bone metastases are often characterized by their radiographic appearance as either 
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contrast, patients with prostate cancer are often found to have predominantly osteoblastic 
lesions. However, regardless of appearance, there is significant osteolytic activity. In fact, 
osteolytic activity in these lesions often is comparable with, if not higher than, that typically 
seen in breast cancer and multiple myeloma. Such activity has been demonstrated by 
markedly elevated biochemical markers of bone resorption in the serum and urine of such 
patients. Only in multiple myeloma do purely lytic bone lesions develop (Coleman RE, 2001; 
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Several mechanisms have been proposed for metastatic spread to the bone. Early animal and 
human evaluations demonstrated that breast and pelvis tissue drain directly into the veins 
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RE, 2006). More recent studies have demonstrated how metastatic lesions develop once 
cancer cells reside in the marrow. Cellular modulators such as Receptor Activator for 
Nuclear Factor κ B Ligand (RANKL), parathyroid hormone–related protein (PTHrP), and 
serine protease urokinase (uPA) disrupt the balance of osteoblast and osteoclast activity that 
are involved in the formation of metastatic lesions (Mundy GR, 2002). Most bone lesions are 
classified as osteolytic or osteoblastic, depending on the direction of the bone 
breakdown/rebuilding imbalance. In osteoblastic lesions (prostate cancer metastases), the 
production of endothelin-1, transforming growth factor β (TGF-β) and uPA directly increase 
osteoblast activity and the formation of space-occupying bone lesions. In osteolytic lesions 
(primarily breast and lung cancer metastases), osteoclast activity is increased through the 
production of PTHrP, which stimulates nuclear factor κB (NF-κB) from stromal cells of bone, 
leading to increased osteoclast differentiation and activity (Mundy GR, 2002; Saad F, 2008). 
Newer studies have also shown that RANKL activity in both osteolytic and osteoblastic 
lesions also may lead to increased tumour proliferation (Uehara H, et al., 2003; Yin JJ, et al., 
1999). As osteoclasts break down bone, growth factors are released to stimulate the 
production of osteoblasts, allowing for bone repair and remodeling. These factors, including 
TGF-β and platelet derived growth factor have been shown to perpetuate bone metastases in 
both breast and prostate cancer models (Uehara H, et al., 2003; Yin JJ, et al., 1999). 
 In metastatic bone disease, RANK Ligand has been implicated in a "vicious cycle" of bone 
destruction and tumour growth. Some tumours that have metastasized to the bone produce 
growth factors that can increase expression of RANK Ligand by osteoblasts. This stimulates 
osteoclast activity and leads to excess bone loss (Coleman RE, 2001; Rosen LS, et al., 2003). 
Osteoclast-mediated bone resorption leads to the release of growth factors and calcium from 
the bone matrix, that can in turn stimulate the tumour cell, further contributing to this cycle 
of bone destruction (Rosen LS, et al., 2003). 

5. Bone tissue and effects of hormonal therapy 
In life, bone is a rigid yet dynamic organ that is continuously moulded, shaped and 
repaired. Bone microstructure is patterned to provide maximal strength with minimal mass, 
as determined by the physiological needs of the organism. How are bone structure and 
function maintained, and how are changes in bone metabolism induced? Once formed, bone 
undergoes a process termed remodelling that involves break down (resorption) and build-
up (synthesis) of bone; this occurs in micro scale throughout the skeleton. This remodeling 
cycle is a coupled process; in a normal young adult after completion of normal linear 
growth, bone resorption and formation are roughly equivalent, resulting in a net bone 
balance. Bones are composed of 2 main types of tissues: cortical bone and trabecular bone. 
Cortical bone is 80% to 90% calcified and has mainly mechanical and protective functions. 
Trabecular bone is only 15% to 25% calcified and constitutes only 20% of the total bone 
mass, but carries out most of the bone’s metabolic function. Bone strength is a function of 
bone mass and of other parameters including geometry (the diameter of the cortical bone), 
material properties (the quality of the bone matrix and inorganic crystals) and 
microstructure (the diameter and interconnectivity of the trabeculae) (Gruber R, et al., 2008). 
The bone mass of a normal adult is the outcome of a dynamic equilibrium between bone 
formation (mediated by osteoblasts) and bone resorption (mediated by osteoclasts).  
Most adult skeletal diseases are due to excess osteoclastic activity, leading to an imbalance 
in bone remodelling which favours resorption. Such diseases would include osteoporosis, 
periodontal disease, rheumatoid arthritis, multiple myeloma and metastatic cancers. For 
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individuals with osteoporosis, bone fractures represent life-threatening events, and today 
there are in excess of 70 million people worldwide at risk (Brown JP & Jasse RG, 2002). 
Recent breakthroughs in our understanding of osteoclast differentiation and activation 
have come from the analysis of a family of biologically related tumour necrosis factor 
(TNF) receptor (TNFR)/TNF-like proteins: osteoprotegerin (OPG), receptor activator of 
nuclear factor (NF)-kB (RANK) and RANK ligand (RANKL), which together regulate 
osteoclast function. Binding of RANKL to RANK on the surfaces of osteoclast precursors 
will trigger maturation, activation, and prolonged survival of these cells. Thus, RANKL 
promotes bone resorption. In contrast, OPG is a “decoy receptor” that binds and 
neutralizes RANKL, thus inhibiting bone resorption (Bayle WJ, et al., 2003). There is 
interplay between RANKL and OPG. 
The ratio of RANKL to OPG is a critical factor determining the balance between bone 
resorption and bone formation. Vitamin D3, parathyroid hormone, tumour necrosis factor-α 
(TNF-α), activated T-cells, and glucocorticoid therapy all increase this ratio, promoting bone 
resorption. Estrogen deficiency states (including menopause) also produce osteoporosis 
because normal levels of 17β-estradiol inhibit RANKL production and stimulate OPG. 
(Bayle WJ, et al., 2003; Hofbauer LC & Schoppet M, 2004). Testosterone stimulates 
osteoblasts, inhibits the apoptosis of both osteoblasts and osteoclasts, and is a precursor of 
estrogen via aromatization; its net effect is to stimulate bone formation. Estrogens are 
essential in bone formation and resorption in men, and low levels are associated with loss of 
BMD and fracture risk. (Boonen S, et al., 2008). 
 In osteoporosis, resorption usually exceeds formation with the net effect of bone loss, 
decreased strength, and an increased risk of fracture. The hypogonadal state resulting from 
cancer therapy enhances osteoclastic bone resorption, promoting bone loss, which along 
with other important clinical factors such as age, prior fragility fracture, and family history 
lead to increasing fracture risk (Gleason D, et al., 2003; Major PP & Cook R, 2002). In males 
with hypogonadism (whether induced by orchiectomy, ADT, hyperparathyroidism, or other 
causes), both testosterone and estrogen levels fall, shifting the balance of bone turnover 
toward resorption (Higano CS, 2008; Perez et al., 2006). It has been hypothesized that several 
malignancies including prostate and breast cancer and multiple myeloma also promote bone 
resorption by expressing or stimulating RANKL (Boyle WJ, 2003). 
The use of androgen deprivation therapy (ADT) in prostate cancer patients induces 
hypogonadism causing significant bone loss often leading to osteoporosis and an increased 
risk of fracture that may be compounded by the presence of bone metastases. Bone 
metastases disrupt the normal bone remodeling process by increasing bone resorption, 
which weakens the bone matrix and increases the risk of other bone complications, such as 
spinal cord compression, impaired mobility and bone pain (Berruti A, et al., 2001). Bone 
mineral density (BMD) is reduced by 0.6–5.3% annually in patients with locally advanced 
disease and 2.3–6.6% in patients with metastatic disease receiving ADT, exceeding by 5 to 10 
fold the normal bone loss rates of similarly aged otherwise healthy men and prostate cancer 
patients not receiving ADT (Casey R, et al., 2006; Michaelson MD, et al., 2007; Smith MR, et 
al., 2008). Consequently, patients receiving ADT are 7–45% more likely to experience a 
fracture than patients not receiving ADT (Shahinian VB, et al., 2005; Smith MR, et al., 2006). 
Bisphosphonates have been shown to prevent bone loss and related complications in 
patients with locally advanced and metastatic prostate cancer and should be considered as 
part of cancer treatment when ADT is initiated in these patients. Androgen deprivation 
therapy is increasingly being prescribed both for men with locally advanced or high-risk non-



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

318 

RE, 2006). More recent studies have demonstrated how metastatic lesions develop once 
cancer cells reside in the marrow. Cellular modulators such as Receptor Activator for 
Nuclear Factor κ B Ligand (RANKL), parathyroid hormone–related protein (PTHrP), and 
serine protease urokinase (uPA) disrupt the balance of osteoblast and osteoclast activity that 
are involved in the formation of metastatic lesions (Mundy GR, 2002). Most bone lesions are 
classified as osteolytic or osteoblastic, depending on the direction of the bone 
breakdown/rebuilding imbalance. In osteoblastic lesions (prostate cancer metastases), the 
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production of PTHrP, which stimulates nuclear factor κB (NF-κB) from stromal cells of bone, 
leading to increased osteoclast differentiation and activity (Mundy GR, 2002; Saad F, 2008). 
Newer studies have also shown that RANKL activity in both osteolytic and osteoblastic 
lesions also may lead to increased tumour proliferation (Uehara H, et al., 2003; Yin JJ, et al., 
1999). As osteoclasts break down bone, growth factors are released to stimulate the 
production of osteoblasts, allowing for bone repair and remodeling. These factors, including 
TGF-β and platelet derived growth factor have been shown to perpetuate bone metastases in 
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 In metastatic bone disease, RANK Ligand has been implicated in a "vicious cycle" of bone 
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individuals with osteoporosis, bone fractures represent life-threatening events, and today 
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have come from the analysis of a family of biologically related tumour necrosis factor 
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decreased strength, and an increased risk of fracture. The hypogonadal state resulting from 
cancer therapy enhances osteoclastic bone resorption, promoting bone loss, which along 
with other important clinical factors such as age, prior fragility fracture, and family history 
lead to increasing fracture risk (Gleason D, et al., 2003; Major PP & Cook R, 2002). In males 
with hypogonadism (whether induced by orchiectomy, ADT, hyperparathyroidism, or other 
causes), both testosterone and estrogen levels fall, shifting the balance of bone turnover 
toward resorption (Higano CS, 2008; Perez et al., 2006). It has been hypothesized that several 
malignancies including prostate and breast cancer and multiple myeloma also promote bone 
resorption by expressing or stimulating RANKL (Boyle WJ, 2003). 
The use of androgen deprivation therapy (ADT) in prostate cancer patients induces 
hypogonadism causing significant bone loss often leading to osteoporosis and an increased 
risk of fracture that may be compounded by the presence of bone metastases. Bone 
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fracture than patients not receiving ADT (Shahinian VB, et al., 2005; Smith MR, et al., 2006). 
Bisphosphonates have been shown to prevent bone loss and related complications in 
patients with locally advanced and metastatic prostate cancer and should be considered as 
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metastatic prostate cancer and for those with recurrent disease (Meng MW, et al., 2002; Sharifi 
N, et al., 2005). With this increased exposure to ADT, clinicians have seen the emergence of 
longer-term treatment complications, including osteoporosis and osteopenia. Although 
osteoporosis is generally less frequent in men, it is increasingly recognized as a source of 
substantial morbidity and even mortality in the aging male. Men suffer one third of all hip 
fractures. Osteoporotic vertebral fractures have a radiological prevalence of up to 50% in both 
sexes; they often cause chronic pain, and even clinically silent fractures are associated with 
increased risks of future fracture (both vertebral and hip), kyphosis, restricted lung function, 
impaired activities of daily living and even increased mortality (Mavrokokki A, et al., 2007). A 
study of Canadian prostate cancer patients who were orchiectomized found that their 5-year 
risks of vertebral and hip fractures were 2.2 fold higher than those of patients who had not 
been orchiectomized (p < 0.001 for both) (Body JJ, 2003).   
Fractures also independently predict diminished survival in prostate cancer patients on 
ADT. In one retrospective study, a history of fracture since the diagnosis of prostate 
cancer decreased median overall survival from 160 months to 121 months (p = 0.04) 
(Oefelein MG, 2002). 

6. Non-invasive markers of bone turnover in normal men and in men with 
prostate carcinoma treated with androgen deprivation therapy 
The slow dynamics of bone turnover and the infrequency with which bone density is 
monitored following castration in prostate cancer cases justify the recent increasing interest 
in studying the effects of ADT and the pathophysiology of bone metastasis. 
Bone loss in elderly men occurs predominantly as a result of increased bone turnover. On 
bone histomorphometry, trabecular plate thinning and endocortical bone resorption is 
evident (Clarke BL, 1996). Non-invasive serologic and urinary markers of bone turnover 
now can be quantitated accurately. Markers of bone formation, such as bone-specific serum 
alkaline phosphatase, osteocalcin, procollagen type I propeptides and bone glaprotein, are 
usually normal in elderly men; whereas markers of bone resorption, such as urinary 
deoxypyridinoline excretion rates and the NTx and CTx telopeptides of Type I collagen and 
pyridinolines, often are found to be elevated (Khosla S, 1998). 

7. Patients at high risk of bone disease. Who should be screened? 
Gold-standard therapeutic care for relapsed hormone-sensitive prostate cancer (HSPC) 
patients demands chemical or surgical hormonal blockade over the course of the therapeutic 
strategy. With the advent of prostate-specific antigen (PSA), early detection of HSPC 
recurrence and early hormonal blockade has become possible. In turn, this may lead to 
osteoporosis and bone fragility (Smith MR, 2003). Pathological fractures related to 
osteoporosis are very expensive (Groot MT, et al., 2003) and highly correlated with 
decreased survival with mortality in the first year as high as 70% (Berruti A, et al., 2000). 
There are 4 robust, independent risk factors for osteoporotic fracture described: low bone 
mineral density (BMD), a prior fragility fracture, age ≥65 and a family history of 
osteoporosis (Brown JP, & Josse RG, 2002). There are also other risk factors for osteoporosis, 
including lifestyle and dietary factors, such as smoking, excessive intake of alcohol or 
caffeine, inadequeate dietary calcium intake, weight < 57 kg or loss of > 10% of weight at 
age 25 and diseases and treatments associated with bone loss (Brown JP, & Josse RG, 2002; 
Greenspan SL, 2008). 
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Prostate cancer itself is associated with osteoporosis, even among ADT-naïve patients 
without metastatic disease. In a cross-sectional study, 45.2% of such patients had osteopenia 
and 35.4% had osteoporosis even before starting ADT. Systematic retrospective reviews 
have also shown the association between ADT and increased fracture risk (Saad F, et al., 
2008; Brufsky AM, 2008). 
Because age and hypogonadism are both considered major risk factors for osteoporosis, all 
prostate cancer patients beginning ADT should be screened with DXA scans at baseline; 
anyone aged ≥ 65 and anyone with kyphosis, back pain, substantial height loss, or other 
symptoms suggesting vertebral fractures should also be screened with thoracic and lumbar 
spine x-rays. 

8. Incidence and presentation of skeletal-related events 
The progression of metastatic bone disease in patients with prostate cancer can lead to 
debilitating skeletal-related events (SREs) (Oofelein MG, et al., 2002). About 70–80% of 
patients with metastatic prostate cancer present with or develop bone metastasis (Polascik 
TJ, 2008), and are at increased risk for skeletal-related events (SREs), which include 
pathological fractures, spinal cord compression (figure 4), and severe pain requiring 
radiotherapy or surgery for bone lesions. These SREs result in significant complications that 
reduce quality of life (Botteman MF, et al., 2010). 
 

 
Fig. 4. Total disruption of the 9th dorsal vertebral body due to a metastatic prostate 
carcinoma, with spinal cord compression. 
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Skeletal-related events (SRE) include any secondary complication from the presence of bone 
metastases and can occur in both osteolytic and osteoblastic lesions. Pain is the most 
common symptom of bone disease and is thought to be due to increased sensitization of 
nociceptors, tumor infiltration of nerve channels, and local tissue acidification during the 
bone resorption process. Often the pain is described as dull, aching, or constant, with 
increasing intensity with weight-bearing activities. In many patients, this is localized to the 
area of infiltration (most often the thoracic spine), but may be referred or radicular if there is 
compression of the nerve channels. In nearly one-third of patients with bone metastasis, 
pain is caused by pathologic fracture. Similar to osteoporosis, this is often caused by the lytic 
breakdown of bone, often in the ribs, spine, and long bones. Pain is the most common 
symptom of fracture, although some patients may develop kyphosis from compression of 
the spine.  In approximately 6% of patients, fracture may lead to the development of 
neurologic symptoms (Boyle WJ, et al., 2003). 
Another cause of neurologic symptoms in patients with metastatic bone disease is malignant 
spinal cord compression. This medical emergency often is caused by direct compression of 
the spinal canal by osteoblastic tumor formation and edema or necrosis of the spinal cord 
from alteration of arterial and venous blood flow. Patients often present with severe back 
pain, weakness, paralysis, paresthesias and decrease in bowel or bladder control 
(Sathiakumar N, et al., 2011). At presentation, up to 68% of patients are unable to walk. 
Prompt management of this complication is necessary to decrease the progression of 
irreversible neurologic damage. Prevention and early treatment is paramount because the 
ability to regain ambulation after treatment is a strong predictor of overall survival 
(Sathiakumar N, et al., 2011; Aljumaily R, & Mathew P, 2011). 
Hypercalcemia, defined as serum calcium >10.5 mg/dl, is another common presentation of 
skeletal metastasis. While the release of calcium into the blood from bone breakdown is the 
most common mechanism in patients with bone metastasis, hypercalcemia may also occur 
due to parathryroid hormone imbalances in patients without skeletal lesions. 
Hypercalcemia is a multifactorial complication of malignancy. Radiation therapy, surgical 
stabilization, and/or decompression often are necessary in patients with bone metastasis, 
particularly when the spinal column is involved. Pharmacotherapy is the mainstay of 
hypercalcemia treatment and is almost always used adjunctively with surgery or radiation 
to manage fractures, malignant spinal cord compression, and the pain of skeletal-related 
events (Shahinia V, et al., 2005). 
Bone pain is the most common type of cancer-related pain, and was deemed to be severe 
and debilitating in two-thirds of patients. Treating bone pain therefore remains a 
consideration when managing metastatic bone disease (Coleman RE, 2006). 
SRE is a pathology of high cost. A study in 342 patients with prostate cancer and bone 
metastases revealed that the annual economic effect of medically treating SREs for these 
patients was $12,469. Patients most frequently had radiation therapy (89%), followed by 
pathologic fracture (23%) and bone surgery (12%). Among patients diagnosed as having at 
least 1 SRE, 78% experienced 1 type of SRE, 17% had 2 types of SREs, and 5% had 3 or more 
distinct types of SREs. The mean costs associated with SREs in the year after the initial 
diagnosis of an SRE, adjusted for the censoring of the data, was $12,469, with the highest 
costs associated with radiation therapy ($5930), followed by pathologic fracture ($3179) and 
bone surgery ($2218) (Lage MJ, et al., 2008).)  
In advanced prostate cancer, 65–75% of patients may eventually develop bone metastases. It 
is also important to note that approximately 10% of men with prostate cancer have bone 
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metastases at initial presentation. Almost all patients who die of prostate cancer have bone 
involvement (Egerdie B et al., 2010). 
Men with prostate cancer that develops SRE have a poor prognosis. In a cohort study of 
23,087 incident patients with prostate cancer, 569 (almost 3%) presented with bone 
metastasis at prostate cancer diagnosis, of whom 248 (43.6%) experienced a skeletal related 
event during follow-up. Of the 22,404 men (97% overall) without bone metastasis at 
diagnosis 2,578 (11.5%) were diagnosed with bone metastasis and 1,329 (5.9%) also 
experienced a skeletal related event during follow-up. One and 5-year survival was 87% and 
56% in patients with prostate cancer without bone metastasis, 47% and 3% in those with 
bone metastasis, and 40% and less than 1% in those with bone metastasis and skeletal 
related events, respectively. Compared with men with prostate cancer without bone 
metastasis the adjusted 1-year mortality rate ratio was 4.7 (95% CI 4.3-5.2) in those with 
bone metastasis and no skeletal related events, and 6.6 (95% CI 5.9-7.5) in those with bone 
metastasis and a skeletal related event. The result of this study brings the conclusion, that 
bone metastasis and skeletal related events predict poor prognosis in men with prostate 
cancer (Norgaard M, et al., 2010). 

9. Treatment for prostate cancer induced bone loss: Current options and new 
horizons 
Prostate cancer is the most frequently diagnosed non-cutaneous cancer and the second 
leading cause of cancer deaths among men in the United States. The 5-year relative survival 
among men aged 65 years or older is 99.8% for all tumour stage groups combined but is 
considerably lower (5%) among men with distant metastatic disease at diagnosis (Aapro M, 
et al., 2008). 
Advances in cancer therapies have extended patients' lives and improved patients' 
outcomes. Because cancer patients are living longer, they may be at an increased risk of 
metastatic bone pain and untreated bone metastases. As anticancer therapies have extended 
overall survival, the likelihood that a patient with advanced cancer will live long enough to 
experience an SRE increases. 
Approximately 70% of patients with advanced prostate cancer develop skeletal metastases, 
which are often associated with significant morbidity and mortality (Coleman RE, 2001). In 
addition to the skeletal effects of cancer itself, bone loss resulting from treatment is an 
emerging problem. The causes of cancer treatment–induced bone loss (CTIBL) include the 
hypogonadal state induced by cancer therapies (testosterone deficiency secondary to 
androgen deprivation from gonadotrophin-releasing hormone [GnRH] agonists and 
surgical castration in prostate cancer). This hormone depletion promotes osteoporosis and 
increases the risk of fracture. This type of patients with malignant bone disease are at risk 
for skeletal-related events, including pathological fracture, metastases requiring surgery or 
radiation therapy to bone, and spinal cord compromise. They may experience fragility 
fractures either because of co-morbid conditions or because of toxicities of their cancer 
therapy, thus the prevalence of osteoporosis increases during ADT, preventive measures are 
recommended.  
Fracture remains the most significant clinical end point related to CTIBL resulting from 
ADT. Moreover, fractures are an independent adverse predictor of survival in patients with 
prostate cancer (Oefelein MG, et al., 2002). No prospective data are yet available regarding 
the impact of ADT on fracture rates; nevertheless, several retrospective analyses provide 
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significant evidence for increased fracture risk. An analysis of 15,716 men with fractures and 
47,149 matched controls in a nationwide, population-based, case-control study found that 
prostate cancer is associated with increased risk of fracture (odds ratio [OR] 1.8; 95% CI, 1.6 
to 2.1), with an even higher increased risk of hip fracture (OR 3.7; 95% CI, 3.1 to 4.4). 
However, there was no increased risk of vertebral fractures, which are frequently 
underreported in the absence of sequential spine x-rays. When adjusted for prostate cancer, 
age, and previous fracture, an increased fracture risk was seen for both GnRH agonists, with 
or without non-steroidal anti-androgens (OR 1.7; 95% CI, 1.2 to 2.5; P .01), and orchiectomy 
(OR 1.7; 95% CI, 1.2 to 2.4; P .01). 
Because survival in men with non-metastatic prostate cancer treated with hormone therapy 
is long (median survival time is 7 years), (Antonarakis ES, et al., 2007) long-term issues of 
bone health are of particular significance. Moreover, men with untreated disease tend to 
have lower BMD than their peers and, therefore, are at higher risk for fracture before 
beginning ADT (Smith MR, et al., 2001). 
The identification of the incidence of CTIBL among patients with prostate cancer raises 
issues for clinicians, including the identification of those at increased fracture risk and 
appropriate preventative strategies. These questions are of concern not only for the 
specialist, but also for general practitioners who will frequently encounter these patients. 
Pharmacotherapy is key to the prevention and treatment of skeletal-related events. 
Successful treatment of the tumour is the best method of preventing skeletal-related events. 
Current measures in the treatment of CTIBL and others are cited below. 

9.1 Lifestyle measures, calcium and vitamin D supplementation 
Lifestyle modifications to address osteoporosis include exercise, smoking cessation and 
moderating alcohol and caffeine intake. In addition, men over 50 should have a total of 1500 
mg daily of calcium and 800 IU daily of vitamin D (D3 being preferable to D2) (Brown JP, et 
al., 2002). However, the Osteoporotic Society of Canada guidelines state that while adequate 
calcium and vitamin D (whether dietary or supplemented) are essential adjuncts to prevent 
and treat osteoporosis, they are insufficient by themselves as treatments. 

9.2 Bisphosphonates 
Bisphosphonates (BPs) are often used for patients with bone metastases to prevent 
pathologic fractures, reduce bone pain or control hypercalcemia, but they are not specifically 
indicated for the prevention and treatment of cancer treatment induced bone loss. 
Numerous randomized controlled trials have explored the effects of BPs on BMD in the 
setting of ADT for non-metastatic prostate cancer (Greenspan SL, et al., 2007; Greenspan SL, 
et al., 2008), but to date none have had sufficient power to demonstrate a reduction in 
fractures. These trials demonstrate clearly that BPs are effective in reducing BMD loss 
associated with ADT for at least 1 year (Saad F, et al., 2008). 
Since the mid-1990s, bisphosphonates have become a mainstay of the management of 
metastatic bone disease from breast, lung, and prostate cancer. They are the primary 
treatment of hypercalcemia, widely recommended to reduce the pain associated with 
metastatic disease and are the only class of agents approved to prevent the development of 
skeletal-related events. 
Several placebo-controlled trials have demonstrated the (Coleman RE, 2004) benefit of using 
these agents to prevent skeletal-related events in patients with known bone metastasis. 
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Bisphosphonates have some limitations. First, long-term efficacy data are sparse. Oral BPs 
are poorly absorbed, must be taken on an empty stomach and often produce gastrointestinal 
side effects. Thus, long-term adherence to oral BPs tends to be poor; studies of 1-year 
adherence to BPs in postmenopausal women have found adherence rates under 60% even 
with once monthly treatments (Boonen S, et al., 2008). Due to lack of compliance, 
intravenous BPs are preferred to oral BPs; influenza-like acute phase reactions on initial 
administration are common but mild, while acute tubular necrosis is rare but serious. 

9.2.1 Effect of bisphosphonates on preventing or treating bone complications  
The use of bisphosphonates is an emerging therapy for preventing and treating osteoporosis 
and fractures in the management of recurrent and advanced prostate cancer disease. 
Moreover, these substances can act as pain relief agents (Verreuther R, 1993; Rodrigues P, et 
al., 2004). Bisphosphonates, synthetic analogs of the endogenous pyrophosphate molecule, 
inhibit osteoclast-mediated bone destruction by a decrease bone resorption in patients 
receiving ADT and/or with metastatic disease (Smith MR, 2003; Ryan CW, et al., 2006; 
Lipton A, 2004). These drugs selectively adsorb to mineral surfaces on bone that are 
surrounded by osteoclasts. The bisphosphonates are then released from the bone surface, 
where they are internalized by and disrupt the bone-resorbing action of osteoclasts (Lipton 
A, 2004). At least two types of bisphosphonates exist: non-nitro-gen-containing 
bisphosphonates (clodronate, etidronate) and the more potent nitrogen-containing 
bisphosphonates (alendronate, ibandronate, pamidronate, risedronate, zoledronic acid) 
(Lipton A, 2004). Both types of bisphosphonates have been evaluated in prostate cancer 
patients at risk of bone complications. Pamidronate has been shown to maintain BMD 
during ADT, whereas alendronate and zoledronic acid have been shown to increase BMD 
during ADT (Casey R, et al., 2006; Greenspan SL, et al., 2007). Zoledronic acid has also been 
shown to prevent metastatic disease induced bone complications (for example, fractures, 
spinal cord compression) in patients with hormone-refractory disease (Saad F, et al., 2002; 
Saad F, et al., 2004). At this time, no bisphosphonate is indicated for the prevention or 
treatment of ADT-induced bone loss; however, alendronate is indicated for treatment of 
men with osteoporosis (Higano CS, 2004). A randomized controlled trial demonstrated that 
a single infusion of zoledronic acid suppressed bone turnover for at least 12 months and 
increased BMD of the hip and spine in men receiving a GnRH agonist for non-metastatic 
prostate cancer. Compared with placebo, zoledronic acid increased BMD of the lumbar 
spine and hip by 7.1% and 2.6%, respectively (Berenson JR, 2005).  
Bisphosphonates have been shown to decrease the risk of skeletal complications by 
approximately one third (Body JJ, 2003). In addition, bisphosphonates are clinically 
important for the treatment of hypercalcemia of malignancy and can reduce cancer induced 
bone pain. The two bisphosphonates approved by the FDA for use in patients with cancer 
involving bone are pamidronate and zoledronic acid. Clodronate and ibandronate have 
been licensed for use in malignant bone disease in other countries. Because of the high 
frequency of skeletal involvement in advanced cancers, bisphosphonates are routinely 
prescribed in the practice of medical oncology (Ramaswamy B & Shapiro CL, 2003). 
A head-to-head non-inferiority trial of zoledronic acid vs pamidronate demonstrated no 
significant difference between the treatments. One thousand six hundred forty eight patients 
with osteolytic multiple myeloma or bone metastasis (osteoblastic or osteolytic) from breast 
cancer were randomized to receive monthly treatments with zoledronic acid (4 mg) or 
pamidronate (90 mg). The development of skeletal-related events was equivalent in the 
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significant evidence for increased fracture risk. An analysis of 15,716 men with fractures and 
47,149 matched controls in a nationwide, population-based, case-control study found that 
prostate cancer is associated with increased risk of fracture (odds ratio [OR] 1.8; 95% CI, 1.6 
to 2.1), with an even higher increased risk of hip fracture (OR 3.7; 95% CI, 3.1 to 4.4). 
However, there was no increased risk of vertebral fractures, which are frequently 
underreported in the absence of sequential spine x-rays. When adjusted for prostate cancer, 
age, and previous fracture, an increased fracture risk was seen for both GnRH agonists, with 
or without non-steroidal anti-androgens (OR 1.7; 95% CI, 1.2 to 2.5; P .01), and orchiectomy 
(OR 1.7; 95% CI, 1.2 to 2.4; P .01). 
Because survival in men with non-metastatic prostate cancer treated with hormone therapy 
is long (median survival time is 7 years), (Antonarakis ES, et al., 2007) long-term issues of 
bone health are of particular significance. Moreover, men with untreated disease tend to 
have lower BMD than their peers and, therefore, are at higher risk for fracture before 
beginning ADT (Smith MR, et al., 2001). 
The identification of the incidence of CTIBL among patients with prostate cancer raises 
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appropriate preventative strategies. These questions are of concern not only for the 
specialist, but also for general practitioners who will frequently encounter these patients. 
Pharmacotherapy is key to the prevention and treatment of skeletal-related events. 
Successful treatment of the tumour is the best method of preventing skeletal-related events. 
Current measures in the treatment of CTIBL and others are cited below. 
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mg daily of calcium and 800 IU daily of vitamin D (D3 being preferable to D2) (Brown JP, et 
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setting of ADT for non-metastatic prostate cancer (Greenspan SL, et al., 2007; Greenspan SL, 
et al., 2008), but to date none have had sufficient power to demonstrate a reduction in 
fractures. These trials demonstrate clearly that BPs are effective in reducing BMD loss 
associated with ADT for at least 1 year (Saad F, et al., 2008). 
Since the mid-1990s, bisphosphonates have become a mainstay of the management of 
metastatic bone disease from breast, lung, and prostate cancer. They are the primary 
treatment of hypercalcemia, widely recommended to reduce the pain associated with 
metastatic disease and are the only class of agents approved to prevent the development of 
skeletal-related events. 
Several placebo-controlled trials have demonstrated the (Coleman RE, 2004) benefit of using 
these agents to prevent skeletal-related events in patients with known bone metastasis. 
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zoledronic acid and pamidronate groups (47% vs 51%, respectively), although fewer 
patients on zoledronic acid required radiotherapy (19% vs 24%; p  = 0.037). Likewise, the 
time to skeletal-related events was similar at 376 days in the zoledronic acid group vs 356 
days in patients treated with pamidronate (p = 0.151), although in a subgroup analysis of 
breast cancer patients on hormonal therapy, zoledronic acid appeared slightly more 
efficacious (p = 0.047). From this trial it was determined that there was equal benefit for 
patients using pamidronate or zoledronic acid (Rosen LS, 2003).  When treating patients 
with skeletal lesions from cancer, current oncology practice in the United States typically 
uses either pamidronate, 90 mg, infused over at least 2 h every 3–4 wk, or zoledronic acid, 4 
mg, infused over at least 15 min every 3–4 wk (Hillner BE, et al., 2003; Coleman RE, 2004). 
With the FDA approval of zoledronic acid in 2001, this agent has gained popularity in 
clinical practice because of its efficacy in reducing skeletal-related events and the shorter 
infusion time. Because of the lifelong risk of skeletal-related events in patients with meta- 
static bone disease, the clinical practice in the palliative setting has been to continue 
bisphosphonate therapy indefinitely. 

9.2.2 Adverses effects of biphosphonates 
Bisphosphonate-associated osteonecrosis of de jaw (ONJ) in patients with malignancy has 
come to the attention of the medical and dental communities primarily through case 
reporting, and the number of reported cases has been increasing over the past 3 yr. All 
bisphosphonates have been associated with cases of ONJ; however, this must be tempered 
with the acknowledgment of the lack of a consensus definition for ONJ and the unknown 
incidence of ONJ in the general population. The published literature reviewed by the task 
force identified <1000 cases (Khosla S, et al., 2007)). There are established guidelines for oral 
health care before initiating chemotherapy (Bamia A, et al., 2005). 
A confirmed case of bisphosphonate-associated ONJ was defined as an area of exposed bone 
in the maxillofacial region that did not heal within 8 wk after identification by a health care 
provider, in a patient who was receiving or had been exposed to a bisphosphonate and had 
not had radiation therapy to the craniofacial region (Khosla S, et al., 2007). 
A suspected case of bisphosphonate-associated ONJ was defined as an area of exposed bone 
in the maxillofacial region that had been identified by a health care provider and had been 
present for <8 wk in a patient who was receiving or had been exposed to a bisphosphonate 
and had not had radiation therapy to the craniofacial region (Khosla S, et al., 2007). 
The risk factors for bisphosphonate-associated ONJ are: 
Oral bone manipulating surgery, poor fitting dental appliances, intraoral trauma, duration 
of exposure to bisphosphonate treatment, co-administration of glucocorticoids, comorbid 
conditions (such as alcohol, tabacco, and malignancies), and pre-existing dental or 
periodontal disease. 
Suggest recommendations for clinical management before initiating bisphosphonate therapy 
and when the diagnosis of ONJ has been made are as follows. 
General recommendations: 
 There should be free and complete communication between health care professionals 

(physicians and dentists) involved in treatment and between health care professionals 
and patients (Ruggerio SL, et al., 2004). Physicians should encourage patients to inform 
their dentist that they are taking a bisphosphonate. 

 All patients starting or taking bisphosphonates should be informed of the benefits of 
bisphosphonate treatment. They should also be informed of the risks of 
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bisphosphonates, including the risk of ONJ, the signs and symptoms of ONJ, and the 
risk factors for developing ONJ (Ruggerio SL, et al., 2004). 

 Patients taking bisphosphonates should be encouraged to maintain good oral hygiene 
and to have regular dental visits during which they can be instructed in proper dental 
hygiene and can receive proper dental care. They should be urged to report any oral 
problems to their dentist and physician. 

 Education of physicians and patients about bisphosphonate-associated ONJ is vitally 
important in all circumstances and particularly in circumstances or locations where the 
resources to provide dental examinations and treatment are limited. 

9.3 Raloxifene 
Raloxifene is a selective estrogen receptor modulator (SERM) often used to treat 
osteoporosis in women. In a 12-month open-label study enrolling 48 men with 
nonmetastatic prostate cancer receiving Antiandrogen theraphy, the addition of raloxifene 
60 mg daily significantly improved bone mass density at the total hip and spine (Smith MR, 
et al., 2004). 

9.4 Bicalutamide 
Bicalutamide is a non-steroidal anti-androgen, which increases estradiol levels when given 
as monotherapy. A 12-month, openlabel comparison of leuprolide versus bicalutamide (150 
mg daily) in 52 men with non-metastatic prostate cancer showed that bicalutamide 
increased bone mass density (BMD) at several sites (e.g., lumbar spine BMD +2.5% vs. 
−2.5%; p < 0.001), as well as decreasing fat mass, fatigue, loss of libido and hot flushes 
compared with leuprolide. Breast tenderness and enlargement were seen more frequently in 
the bicalutamide group (Smith MR, et al., 2004). Finally, a recent prospective study whose 
population included 253 prostate cancer patients with osteoporosis found that bicalutamide 
treatment maintained BMD over 6 years (Wadhwa VK, et al., 2009). 

9.5 Corticosteroids 
Corticosteroids are used most commonly in patients that develop spinal cord compression, 
but may also be used in those with diffuse pain unresolved with bisphosphonate and 
analgesic use. As potent anti-inflammatory agents, they improve neurologic symptoms and 
pain through the reduction of vasogenic edema around the spinal cord. Dexamethasone is 
often the preferred agent due to its increased potency and central nervous system 
penetration (Kilmo P, et al., 2004). 
Often a loading dose of 10 to 100 mg is administered, followed by a 16- to 96-mg/day 
maintenance dose, although controversy exists over which dose is more efficacious. High 
doses have been recommended (100 mg loading dose followed by 24 mg every 6 hours × 3 
days) to quickly restore ambulation, although may increase the incidence of serious adverse 
effects (Kilmo P, et al., 2004; Cole J, et al., 2008; Heimdal K, et al., 1992). Systematic reviews 
of the literature found a shortage of quality data, but came to the following conclusions: 
“There is good evidence to support the use of high-dose dexamethasone (96 mg/d)” in non-
ambulatory patients, “but inconclusive evidence for the use of moderate-dose steroids (16 
mg/d) in conjunction with radiotherapy for the treatment of MSCC (Loblaw D, et al., 1998). 
They also state that there is fair evidence for not using steroids in non-paretic patients, 
although this is not common practice (Loblaw D, et al., 1998; Coleman RE, 2004). 
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Adverse effects of steroids include insomnia, increased appetite, edema, hyperglycemia, 
leukocytosis, increased risk of infection, and gastrointestinal bleeding. Patients receiving 
high doses are at increased risk of these effects and should receive close monitoring; ulcer 
prophylaxis should be considered. Since adrenal suppression is likely when doses are 
continued beyond 5 to 7 days, doses should be tapered when discontinuing therapy with 
these agents (Loblaw D, et al., 1998; Coleman RE, 2004). 

9.6 Analgesics 
Both opioid and non-opioid analgesics are recommended for the symptomatic treatment of 
pain. Clinical trials show that bisphosphonate therapy improves pain control and allows 
most patients to use lower opioid doses; however, bisphosphonates should be viewed as 
adjunctive for pain control because nearly all patients will require analgesics. 
In patients with mild pain, non-steroidal anti-inflammatory drugs (NSAIDs) and 
acetaminophen are acceptable agents to use. Acetaminophen is preferred in patients with 
thrombocytopenia, renal dysfunction, those receiving nephrotoxic agents, or at risk for 
gastrointestinal bleeds. In patients with liver dysfunction, NSAIDs are preferred for mild 
pain (Wadhwa VK, et al., 2008). 
Since most patients experience moderate to severe pain, opioid analgesics often are used. 
Patients naïve to opioid therapy should begin with low doses of immediate release agents 
(typically 5-15 mg orally morphine or 2-4 mg intravenous morphine) and reassessed every 1 
to 2 hours for effect. After 24 hours of pain control on a short-acting regimen, patients 
should be converted to a long-acting agent such as sustained release morphine, oxycodone, 
fentanyl, or methadone for basal control. Patients who are opioid tolerant should begin with 
higher doses of short-acting agents; if they are on a long-acting product, this should be 
continued, increasing the dose as needed to account for short-acting opioid use. A similar 
approach should be taken in patients initiating opioid therapy as an outpatient, with a short-
acting opioid available every 3 to 4 hours and close follow-up. A bowel regimen with a 
stimulant plus stool softener should be initiated to prevent constipation from opioid use. 
The National Comprehensive Cancer Network (NCCN) provides a useful guideline for pain 
management in cancer patients (Coleman RE, 2004). 
Adjunct agents such as anticonvulsants (gabapentin, lamotrigine, topiramate), tricyclic 
antidepressants (amitriptyline, imipramine, desipramine, nortriptyline), venlafaxine, 
duloxetine, or topical analgesics (lidocaine or capsaicin) may also help to reduce 
neuropathic pain caused by nerve compression (Cole J, et al., 2008). 

9.7 Upcoming agents: Toremifene citrate and denosumab 
The effects on BMD of toremifene citrate, a new SERM, were tested in a 6-month, placebo-
controlled dose-finding study with 46 men with prostate cancer receiving ADT. An oral 
dose of 60 mg daily significantly improved BMD and decreased hot flushes (Steiner MS, et 
al., 2004). A 2-year, double blind, placebo- controlled phase-III multicentre study of oral 
toremifene 80 mg has been completed in 1389 ADT patients with advanced prostate cancer; 
this compound reduced new morphometric vertebral fractures (the primary endpoint) by 
53% (p = 0.034). Bone mineral density at lumbar spine, hip, and femur was also increased 
significantly (p < 0.0001), and lipid profiles were improved compared with placebo (Smith 
MR, et al., 2004; Schwarz EM & Ritchlin CT, 2006). 
In advanced prostate cancer, metastasis is sadly inevitable. Although bone metastases from 
prostate cancer have a predominantly osteoblastic appearance, histological findings 
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(Roudier MP, et al., 2008) and analysis of bone turnover markers (Brown JE, et al., 2005; 
Demers LM, 2003), support the view that excess osteoclastic activity induces bone 
destruction in these metastases. The Receptor Activator of NF-B Ligand (RANKL) is the 
main driver of osteoclast formation, function, and survival (Boyle WJ, et al., 2003). 
Lymphocytes infiltrate the tumour, causing upregulation of nuclear factor-Kappa B (RANK) 
ligand (RANKL) and lymphotoxin (Luo et al., 2007). Denosumab is a fully human 
monoclonal antibody that specifically targets RANKL and is delivered by subcutaneous 
injection twice a year (Schwarz EM & Ritchlin CT, 2006). This therapy was found to be very 
effective in reducing fractures and was well-tolerated in the clinical settings of osteoporotic 
postmenopausal women (McClung MR, et al., 2006; Cummings SR, et al., 2009) and 
protecting BMD in osteopenic postmenopausal women receiving adjuvant aromatase 
inhibitors for breast cancer (Ellis GK, et al., 2008). More recently, denosumab (60 mg 
subcutaneously, every 6 months) was evaluated in a 36-month, phase-III, placebo- 
controlled randomized clinical trial involving 1468 men with non-metastatic prostate cancer 
who were receiving ADT.48 Compared with placebo, denosumab significantly improved 
BMD at all sites measured, including lumbar spine (the primary endpoint) by 6.7% (p < 
0.001), total hip by 4.8% (p < 0.001), femoral neck by 3.9% (p < 0.001), and distal radius by 
5.5% (p < 0.001) at 24 months; by the end of the trial (36 months), denosumab dramatically 
reduced the risk of new vertebral fractures (a secondary endpoint) by 62% (p = 0.006), but 
not overall survival in prostate cancer (Fizzazi et al., 2011). 
A recent phase-III study comparing denosumab versus zoledronic acid (Fizazi K, et al., 
2011) showed that denosumab was better than the established therapy, zoledronic acid, for 
the delay or prevention of skeletal-related events in patients with advanced prostate cancer, 
while there was no difference in overall survival or disease progression. 

10. Conclusions 
Disease-related skeletal complications are common in men with metastatic prostate cancer. 
Such events, including fracture, hypercalcemia, spinal cord compression, and severe pain 
are serious complications of several malignancies. Agents such as bisphosphonates should 
be used to prevent skeletal-related events; they and other agents such as corticosteroids and 
analgesics are effective in symptom management of skeletal-related events. Through the use 
of these agents, along with radiation and surgical therapy, outcomes and quality of life can 
be improved in patients with metastatic disease. Bone metastasis and skeletal related events 
predict poor prognosis in men with prostate cancer. 
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1. Introduction 
Since 1941, when Huggins and Hodges proved the favourable effect of surgical castration 
and oestrogen administration on the progression of metastatic prostate cancer (PCa) (1,2), 
androgen deprivation therapy (ADT) became the mainstay of management of advanced PCa 
till now. They demonstrated for the first time the responsiveness of PCa to androgen 
deprivation. 
ADT effectively palliates the symptoms of advanced disease, significantly reduces tumor 
growth, but there is no conclusive evidence at present that it prolongs survival. Moreover, 
significant amount of data report that ADT is associated with several adverse effects. The 
most prominent include: loss of bone mineral density (BMD), which leads into increased 
fracture risk (3), induction of insulin resistance (4), unfavorable changes in serum lipid 
profile (5), changes in body composition (6) which can lead into increased cardiovascular 
morbidity (7) and changes in cognitive functions (8). 
The aim of ADT is to cause severe hypogonadism, and adverse effects of ADT clearly 
demonstrate the essential and pluripotent role of male´s most important androgen –
testosterone (TST).  

2. Testosterone: A basal overview of biosynthesis, metabolism and its action 
In the human male, the main circulating androgen is testosterone (TST). More than 95% of 
circulating TST is secreted by the testis (Leydig cells) which produce aproximately 6-7 mg of 
TST daily (9). The rest is secreted by the adrenal cortex, and very small quantities (especially 
pregnan derivatives) are formed by the cells of the brain (10).  
Physiologic TST level in a male is 3-8 ng / ml. The source for the synthesis of steroids is 
cholesterol. This substrate may be synthetized de novo from acetate but it may be also taken 
up from plasma lipoproteins. Cleavage of the side chain of cholesterol in the mitochondria 
and the formation of pregnenolone (biologically inactive) is the start of steroidogenic 
cascade. Pregnenolone is further converted into various steroids by enzymes (cytochromes 
P450) in the endoplasmatic reticulum. 
TST secretion is regulated by the hypothalamic-pituitary-gonadal axis. The hypothalamic 
luteinising hormone-releasing hormone (LHRH) stimulates the anterior pituitary gland to 
release luteinising hormone (LH) and follicle-stimulating hormone (FSH). The main 
regulator of Leydig cell function is LH, acting through the LH receptor (LHr) in Leydig cells. 
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LH and FSH are required for the development and maintance of testicular functions.The 
natural ligand for the LHr is LH, but also human choriogonatropin (hCG) can equally well 
activate the LHr. Activated LHr stimulate adenylyl cyclase via GTP binding proteins and 
this results in increased production of cyclic AMP (cAMP). cAMP increases steroid 
production (11). 
The total concentration of steroids in target tissues (central and peripheral nervous system, 
bone, muscle, adipose tissue, haematopoetic system and myocardium) and body fluids is 
dependent on the presence of binding proteins (sex hormone binding globulin, SHBG, 
albumin). Binding proteins represent a storage form of circulating steroids, which bind 98% 
of circulating TST. The rest-2% is "free testosterone" (fTST), which is biologically active. 
Homeostasis is achieved by “closed” steroid feedback inhibition mechanism, where the 
plasmatic level of steroids affects the secretion of LH from adenohypophysis. 
The effect of TST on target tissues is modulated by metabolic pathways. 
1. Aromatisation of TST gives rise to 17b- estradiol. When the target cell is estrogen-

dependent, the aromatase activity in target cells and supply of androgen substrate 
(TST) are of major importance for determining the rate of synthesis of estrogens. 
Aromatase cytochrome P450 enzyme is expressed in many tissues including placenta, 
ovary, testis, fat tissue, liver, brain, hair follicles.  

2. Reduction of TST into 5-alfa-dihydrotestosterone (DHT) is achieved by 5a-reductase. 
This active form of TST (5 to 10 times more biologically effective) can fully activate the 
androgen receptor (AR) (12). There are 3 isoforms of 5a-reductase. Isoform 2 is clinically 
more important because its deficiency is associated with distinct clinical manifestations 
(13). Isoform 2 predominates in cells of the prostate and external genitalia, while 
isoform 1 predominates in the cells of the skin (except genitals), and in liver cells in 
small amounts. However, in prostate cancer cells, overexpression of isoform 1 is a 
common finding, thus increasing its clinical significance (14). In the total deficiency of 
isoform 2 (autosomal recessive) there is a serious alteration of the development of sex 
organs in utero (male pseudohermafroditism). Many mutations of the gene encoding 
isoform 2 are known and can result into a number of different clinical manifestations. 
Signs of its deficiency are small phallus, severe hypospadias, scrotum bifidum, residual 
prostate utriculus (15). The newly discovered isoform 3 may play an important role in 
the development of hormone-refractory prostate cancer (HRCaP) as its overexpression 
is found in the HRCaP cells (16). 

In addition to these metabolic pathways, the level of DHT in target tissues is affected by 
other enzymes (hydroxysteroid dehydrogenases), which "fine-tune" the effect of androgens 
in the target tissues (17). Owing to these local conversions the peripheral plasma 
concentration of androgens are only a rough indicator for their biological activities (12).  
The mechanism of action of androgens can be divided into genomic and non-genomic effect 
(12). Non - genomic effects of androgens include mechanisms affecting the flow of calcium 
in the cells and the effect on phosphorylation cascade of Map-kinase (18, 19), or membrane 
effects (20). Genomic effects are mediated by activation of androgen receptor (AR). AR acts 
as a transcription factor activated by its ligand (TST). By androgen binding, AR is 
translocated from the cytoplasm to the nucleus where it binds to its DNA domain and 
interacts as a homodimer with specific DNA sequences that are referred as androgen 
responsive elements (ARES) (21). Its binding to DNA leads into interactions with 
transcription factors (22) and other co-factor proteins (21). This results into the "up" or 
"down" regulation of transcription of target genes (23). 
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Androgen metabolites are excreted as free steroids or bound (conjugated). Conjugated 
steroids are bound to glucuronide or sulfate group. Androgens are mostly degraded in the 
liver (glucuronate, sulphates), but the prostate the skin also contribute significantly to the 
metabolism of androgens. All the steroid - metabolising enzymes constitute a network for 
transforming androgens into secretion products (conjugated, unconjugated) that finally 
leave the body via the urine or the skin. The flux though this network is great, because the 
half-life of TST in men is only 12 minutes (12). 

3. Androgens and bone metabolism 
Growth and resorption of bone tissue are mediated by osteoblasts and osteoclasts. Both types 
of cells exert mutual influence on each other and equilibrium between the activity of both 
cell lines maintains net bone mass during constant renewal and turnover. Decreased 
osteoblast activity and increased activity of osteoclasts leads into loss of bone mass. AR have 
been located on normal human osteoblasts (24) and both aromatizable and non-
aromatizable androgens can stimulate of human osteoblasts proliferation in vitro (25). 
Bone deformation strain represents a stimulus for osteoblastic activity. Androgens modify 
the effects induced by the mechanoreception of human osteoblastic cells by affecting 
adhesion molecule expression, i.e. fibronectin and the fibronectin receptor. These substances 
facilitate the adhesion of bone cells to the extracellular matrix, which represents a crucial 
requirement for osteoblastic development and function (26). In addition, the secretion of 
osteoprotegerin (OPG), which is unaffected by mechanical strain alone, is doubled when 
this stimulus occurs in the presence of androgens. OPG is a decoy receptor for RANKL 
(receptor activator of nuclear factor-kappaB ligand). RANKL is secreted by osteoblasts, it 
induces osteoclastogenesis stimulates osteoclast differentiation (27). Thus, OPG inhibits 
bone resoptive effect induced by RANKL (26). Accordingly, TST levels directly correlate 
with OPG concentrations in healthy men (28). 
Parathyroid hormone (PTH) induces osteoclast formation a differentiation. Androgens have 
direct inhibiting effect on this process via osteoclasts, which express AR and these cells are 
also blocked form PTH effects by androgens when no conversion to estrogens occurs (29).  
Androgens decrease the number of bone remodeling cycles by modifying the genesis of 
osteoclasts and osteoblasts from their respective progenitor cells. In addition, androgens 
also exert effects on the lifespan of mature bone cells: they exert pro apoptotic effects on 
osteoclasts and anti-apoptotic effects on osteoblasts and osteocytes. TST also modulates 
effects induced by other hormones and cytokines involved in bone metabolism (30). 
Osteoblast activity is reflected by concentration of procollagen type 1 (carboxy-terminal: 
P1CP or amino-terminal: P1NP) and other non collagenous proteins secreted by osteoblasts, 
eg. osteocalcin and bone specific alkaline phosphatase (BSAP). Also OPG as a decoy 
receptor for RANKL, can serve as marker of osteoblast activity. Bone resorption, hence 
osteoclast activity, therefore, can be estimated by urinary excretion of degradation products 
of type I collagen, such as deoxypyridinoline (DPD) and collagen type I cross- linked N-
telopeptide (NTX) (31). 
An independent role of androgens in protecting bone mass, both by promoting bone 
formation and attenuating bone resorption has been demonstrated in humans. Nevertheless, 
the role of its metabolite estradiol is pivotal in bone metabolism (30). 
Aromatization of TST to estradiol is a pivotal event concerning effects of sex steroids on 
bone metabolism. Estrogen receptors (ER) have been localized in human osteoblasts (32), 
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LH and FSH are required for the development and maintance of testicular functions.The 
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of circulating TST. The rest-2% is "free testosterone" (fTST), which is biologically active. 
Homeostasis is achieved by “closed” steroid feedback inhibition mechanism, where the 
plasmatic level of steroids affects the secretion of LH from adenohypophysis. 
The effect of TST on target tissues is modulated by metabolic pathways. 
1. Aromatisation of TST gives rise to 17b- estradiol. When the target cell is estrogen-

dependent, the aromatase activity in target cells and supply of androgen substrate 
(TST) are of major importance for determining the rate of synthesis of estrogens. 
Aromatase cytochrome P450 enzyme is expressed in many tissues including placenta, 
ovary, testis, fat tissue, liver, brain, hair follicles.  

2. Reduction of TST into 5-alfa-dihydrotestosterone (DHT) is achieved by 5a-reductase. 
This active form of TST (5 to 10 times more biologically effective) can fully activate the 
androgen receptor (AR) (12). There are 3 isoforms of 5a-reductase. Isoform 2 is clinically 
more important because its deficiency is associated with distinct clinical manifestations 
(13). Isoform 2 predominates in cells of the prostate and external genitalia, while 
isoform 1 predominates in the cells of the skin (except genitals), and in liver cells in 
small amounts. However, in prostate cancer cells, overexpression of isoform 1 is a 
common finding, thus increasing its clinical significance (14). In the total deficiency of 
isoform 2 (autosomal recessive) there is a serious alteration of the development of sex 
organs in utero (male pseudohermafroditism). Many mutations of the gene encoding 
isoform 2 are known and can result into a number of different clinical manifestations. 
Signs of its deficiency are small phallus, severe hypospadias, scrotum bifidum, residual 
prostate utriculus (15). The newly discovered isoform 3 may play an important role in 
the development of hormone-refractory prostate cancer (HRCaP) as its overexpression 
is found in the HRCaP cells (16). 

In addition to these metabolic pathways, the level of DHT in target tissues is affected by 
other enzymes (hydroxysteroid dehydrogenases), which "fine-tune" the effect of androgens 
in the target tissues (17). Owing to these local conversions the peripheral plasma 
concentration of androgens are only a rough indicator for their biological activities (12).  
The mechanism of action of androgens can be divided into genomic and non-genomic effect 
(12). Non - genomic effects of androgens include mechanisms affecting the flow of calcium 
in the cells and the effect on phosphorylation cascade of Map-kinase (18, 19), or membrane 
effects (20). Genomic effects are mediated by activation of androgen receptor (AR). AR acts 
as a transcription factor activated by its ligand (TST). By androgen binding, AR is 
translocated from the cytoplasm to the nucleus where it binds to its DNA domain and 
interacts as a homodimer with specific DNA sequences that are referred as androgen 
responsive elements (ARES) (21). Its binding to DNA leads into interactions with 
transcription factors (22) and other co-factor proteins (21). This results into the "up" or 
"down" regulation of transcription of target genes (23). 
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steroids are bound to glucuronide or sulfate group. Androgens are mostly degraded in the 
liver (glucuronate, sulphates), but the prostate the skin also contribute significantly to the 
metabolism of androgens. All the steroid - metabolising enzymes constitute a network for 
transforming androgens into secretion products (conjugated, unconjugated) that finally 
leave the body via the urine or the skin. The flux though this network is great, because the 
half-life of TST in men is only 12 minutes (12). 

3. Androgens and bone metabolism 
Growth and resorption of bone tissue are mediated by osteoblasts and osteoclasts. Both types 
of cells exert mutual influence on each other and equilibrium between the activity of both 
cell lines maintains net bone mass during constant renewal and turnover. Decreased 
osteoblast activity and increased activity of osteoclasts leads into loss of bone mass. AR have 
been located on normal human osteoblasts (24) and both aromatizable and non-
aromatizable androgens can stimulate of human osteoblasts proliferation in vitro (25). 
Bone deformation strain represents a stimulus for osteoblastic activity. Androgens modify 
the effects induced by the mechanoreception of human osteoblastic cells by affecting 
adhesion molecule expression, i.e. fibronectin and the fibronectin receptor. These substances 
facilitate the adhesion of bone cells to the extracellular matrix, which represents a crucial 
requirement for osteoblastic development and function (26). In addition, the secretion of 
osteoprotegerin (OPG), which is unaffected by mechanical strain alone, is doubled when 
this stimulus occurs in the presence of androgens. OPG is a decoy receptor for RANKL 
(receptor activator of nuclear factor-kappaB ligand). RANKL is secreted by osteoblasts, it 
induces osteoclastogenesis stimulates osteoclast differentiation (27). Thus, OPG inhibits 
bone resoptive effect induced by RANKL (26). Accordingly, TST levels directly correlate 
with OPG concentrations in healthy men (28). 
Parathyroid hormone (PTH) induces osteoclast formation a differentiation. Androgens have 
direct inhibiting effect on this process via osteoclasts, which express AR and these cells are 
also blocked form PTH effects by androgens when no conversion to estrogens occurs (29).  
Androgens decrease the number of bone remodeling cycles by modifying the genesis of 
osteoclasts and osteoblasts from their respective progenitor cells. In addition, androgens 
also exert effects on the lifespan of mature bone cells: they exert pro apoptotic effects on 
osteoclasts and anti-apoptotic effects on osteoblasts and osteocytes. TST also modulates 
effects induced by other hormones and cytokines involved in bone metabolism (30). 
Osteoblast activity is reflected by concentration of procollagen type 1 (carboxy-terminal: 
P1CP or amino-terminal: P1NP) and other non collagenous proteins secreted by osteoblasts, 
eg. osteocalcin and bone specific alkaline phosphatase (BSAP). Also OPG as a decoy 
receptor for RANKL, can serve as marker of osteoblast activity. Bone resorption, hence 
osteoclast activity, therefore, can be estimated by urinary excretion of degradation products 
of type I collagen, such as deoxypyridinoline (DPD) and collagen type I cross- linked N-
telopeptide (NTX) (31). 
An independent role of androgens in protecting bone mass, both by promoting bone 
formation and attenuating bone resorption has been demonstrated in humans. Nevertheless, 
the role of its metabolite estradiol is pivotal in bone metabolism (30). 
Aromatization of TST to estradiol is a pivotal event concerning effects of sex steroids on 
bone metabolism. Estrogen receptors (ER) have been localized in human osteoblasts (32), 
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osteoclasts (33), and osteocytes (34). Human males with mutations of ER or aromatase genes 
do not achieve normal bone density, despite normal or increased levels of serum TST (35). 

4. Androgen deprivation therapy (ADT) and its side effects 
ADT is increasingly attained through the use of luteinizing hormone-releasing hormone 
(LHRH) agonists, which down-regulate anterior pituitary receptors and lead to therapeutic 
hypogonadism, or directly by inhibiting pituary receptors by LHRH antagonists. The 
standard castration level is < 50 ng/dL. Prostate cells are physiologically dependent on 
androgens which stimulate its growth, function and proferation. TST, although not 
tumorigenic, is essential for the growth and perpetuation of tumor cells (36).  
Prostate cancer (PCa) displays a range of clinical behavior, from slow-growing tumors of no 
clinical significance to aggressively metastatic and lethal disease. Most PCa cases diagnosed 
with present diagnostic techniques fall into the moderately differentiated group (grade 2, 
Gleason 6), of which the cancer-specific 10–15-year mortality is 18–30%. This is even lower 
in the group of PCa diagnosed with grade 1 and 2 or Gleason 4–6, and there are subgroups 
of patients who are not at risk of dying from PCa even within 15years. Overall mortality is 
then determined by comorbidity (37). While both short- and long-term ADT are effective for 
treating PCa, it can often have significant side-effects. It is important that these 
complications are recognized and managed appropriately so that adverse effects on the 
patient's quality of life (QoL) are minimized. There has been an increase in the use of ADT at 
all stages of PCa in recent years. The extensive use of ADT is raising concerns about adverse 
effects – loss of BMD being the most prominent.  

5. Bone loss and osteoporosis 
As shown above, androgens are important for maintenance of bone tissue. Although ADT is 
used in medical practice for more than 60 years, it’s only few years that the clinicians 
became aware of serious and potentially catastrophic consequences resulting form long-
term ADT. 
Bone density is determined both by peak bone mass achieved during skeletal development 
and the subsequent amount of maintenance and resorption of bone tissue. Androgens affect 
both processes and thus are a pivotal determinant of bone mass in men.  

5.1 Osteoporosis 
Osteoporosis is defined as a systemic metabolic bone disease characterized by low bone 
mass density (BMD) and microarchitectural deterioration of bone tissue, with a consequent 
increase in bone fragility and susceptibility to fracture (38). Diagnosis of osteoporosis based 
on WHO definitions is developed for women originally (39). When based on male cutoffs, 1-
2 million (3 - 6%) of men have osteoporosis and 8 -13 million (28 - 47%) have osteopenia; 
when based on female cutoffs, 280,000 - 1 million (1 - 4%) have osteoporosis and 4 - 9 million 
(15 - 33%) have osteopenia (40, 41). While this numbers may seem disturbing, it is believed 
that osteoporosis in men is substantially underdiagnosed and undertreated in the United 
States (42). 
Female osteoporosis has been studied extensively and characterized due to its high 
prevalence (43) whereas male osteoporosis, especially that associated with ADT has gained 
focus only recently. 
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In men, osteoporosis occurs later than in women (44), but the prevalence of osteopenia does 
not differ significantly between men and women aged more than 50 years. Conversely, the 
prevalence of osteoporosis in men is lower than in women (40). Even though it may be 
underestimated when standard female BMD parameters are considered suitable for normal 
mineralization in men (45). Men generally have a higher BMD than women at the same age 
(46). Accordingly, the prevalence of male osteoporosis is greater when male-specific ranges 
are used in men above fifties: ranging from 1% to 4% of elderly men when the diagnosis is 
based on female cut-off points vs. 3% to 6% when based on male cut-off points (40). 
Men are estimated to lose bone mineral density (BMD) at a rate of up to 1% per year with 
advancing age (47, 48), and one in eight men over age 50 years will experience an 
osteoporosis-related fracture in their lifetime (49). Of all osteoporotic fractures, hip fractures 
contribute to the greatest morbidity as well as mortality, both of which are much greater in 
men than in women (50-52). 

5.2 Diagnosis of osteoporosis 
Current guidelines recommend assessment of bone mineral density (BMD) previous to ADT 
and yearly thereafter (53) with dual-energy x-ray absorptiometry (DXA) which is considered 
the standard method to measure BMD (54). International Society for Clinical Densitometry 
(ISCD) recommends that central skeleton sites (lumbar spine, total hip and femoral neck) are 
the most appropriate locations to asses BMD (55). 
Diagnosis of osteoporosis can than be made according to WHO classification: if T- score is 
less than 2,5 of standard deviation. Values between (-) 1 and (-) 2.5 SD (standard deviation) 
is defined as osteopenia. T - score stands for the number of standard deviations (SD) from 
the density of young healthy individuals of the same sex (39).(Table 1) 
To improve the identification of patients at highest risk of fracture, WHO has developed an 
algorithm to predict fractures - FRAX ™ http://www.shef.ac.uk/FRAX/  
According to European Association of Urology (EAU) guidelines, a precise evaluation of BMD 
should be performed by dual X-ray absorptiometry before starting long-term ADT. An initial 
low BMD (T-score below 2.5, or below 1 if other risk factors are present) indicates a high risk of 
subsequent non-metastatic fracture, suggesting the need for early use of preventive 
bisphosphonate therapy (56). 
 

Clasiffication T-score 
Normal >-1 

Osteopenia -1 - -2,5 
Osteoporosis <-2,5 

Table 1.  

5.3 ADT, prostate cancer (PCa) and clinical aspects of bone disease 
At presence, significant amount of data report that ADT is associated with the loss of 
BMD in a time-dependent manner (57-59) which leads into increased fracture risk (60). 
Skeletal fractures negatively correlate with overall survival in men with PCa (61) and 
maintaining skeletal health is crucial for QoL and survival (62).  
Treatment of complications of pathological fractures is complicated and expensive (63). 
Moreover, the typical feature of PCa is the ability to metastasize into bone in more than 80 % 
of cases (64). Most bone lesions in PCa are osteoblastic in nature (65). However, studies 
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osteoclasts (33), and osteocytes (34). Human males with mutations of ER or aromatase genes 
do not achieve normal bone density, despite normal or increased levels of serum TST (35). 

4. Androgen deprivation therapy (ADT) and its side effects 
ADT is increasingly attained through the use of luteinizing hormone-releasing hormone 
(LHRH) agonists, which down-regulate anterior pituitary receptors and lead to therapeutic 
hypogonadism, or directly by inhibiting pituary receptors by LHRH antagonists. The 
standard castration level is < 50 ng/dL. Prostate cells are physiologically dependent on 
androgens which stimulate its growth, function and proferation. TST, although not 
tumorigenic, is essential for the growth and perpetuation of tumor cells (36).  
Prostate cancer (PCa) displays a range of clinical behavior, from slow-growing tumors of no 
clinical significance to aggressively metastatic and lethal disease. Most PCa cases diagnosed 
with present diagnostic techniques fall into the moderately differentiated group (grade 2, 
Gleason 6), of which the cancer-specific 10–15-year mortality is 18–30%. This is even lower 
in the group of PCa diagnosed with grade 1 and 2 or Gleason 4–6, and there are subgroups 
of patients who are not at risk of dying from PCa even within 15years. Overall mortality is 
then determined by comorbidity (37). While both short- and long-term ADT are effective for 
treating PCa, it can often have significant side-effects. It is important that these 
complications are recognized and managed appropriately so that adverse effects on the 
patient's quality of life (QoL) are minimized. There has been an increase in the use of ADT at 
all stages of PCa in recent years. The extensive use of ADT is raising concerns about adverse 
effects – loss of BMD being the most prominent.  

5. Bone loss and osteoporosis 
As shown above, androgens are important for maintenance of bone tissue. Although ADT is 
used in medical practice for more than 60 years, it’s only few years that the clinicians 
became aware of serious and potentially catastrophic consequences resulting form long-
term ADT. 
Bone density is determined both by peak bone mass achieved during skeletal development 
and the subsequent amount of maintenance and resorption of bone tissue. Androgens affect 
both processes and thus are a pivotal determinant of bone mass in men.  

5.1 Osteoporosis 
Osteoporosis is defined as a systemic metabolic bone disease characterized by low bone 
mass density (BMD) and microarchitectural deterioration of bone tissue, with a consequent 
increase in bone fragility and susceptibility to fracture (38). Diagnosis of osteoporosis based 
on WHO definitions is developed for women originally (39). When based on male cutoffs, 1-
2 million (3 - 6%) of men have osteoporosis and 8 -13 million (28 - 47%) have osteopenia; 
when based on female cutoffs, 280,000 - 1 million (1 - 4%) have osteoporosis and 4 - 9 million 
(15 - 33%) have osteopenia (40, 41). While this numbers may seem disturbing, it is believed 
that osteoporosis in men is substantially underdiagnosed and undertreated in the United 
States (42). 
Female osteoporosis has been studied extensively and characterized due to its high 
prevalence (43) whereas male osteoporosis, especially that associated with ADT has gained 
focus only recently. 
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In men, osteoporosis occurs later than in women (44), but the prevalence of osteopenia does 
not differ significantly between men and women aged more than 50 years. Conversely, the 
prevalence of osteoporosis in men is lower than in women (40). Even though it may be 
underestimated when standard female BMD parameters are considered suitable for normal 
mineralization in men (45). Men generally have a higher BMD than women at the same age 
(46). Accordingly, the prevalence of male osteoporosis is greater when male-specific ranges 
are used in men above fifties: ranging from 1% to 4% of elderly men when the diagnosis is 
based on female cut-off points vs. 3% to 6% when based on male cut-off points (40). 
Men are estimated to lose bone mineral density (BMD) at a rate of up to 1% per year with 
advancing age (47, 48), and one in eight men over age 50 years will experience an 
osteoporosis-related fracture in their lifetime (49). Of all osteoporotic fractures, hip fractures 
contribute to the greatest morbidity as well as mortality, both of which are much greater in 
men than in women (50-52). 

5.2 Diagnosis of osteoporosis 
Current guidelines recommend assessment of bone mineral density (BMD) previous to ADT 
and yearly thereafter (53) with dual-energy x-ray absorptiometry (DXA) which is considered 
the standard method to measure BMD (54). International Society for Clinical Densitometry 
(ISCD) recommends that central skeleton sites (lumbar spine, total hip and femoral neck) are 
the most appropriate locations to asses BMD (55). 
Diagnosis of osteoporosis can than be made according to WHO classification: if T- score is 
less than 2,5 of standard deviation. Values between (-) 1 and (-) 2.5 SD (standard deviation) 
is defined as osteopenia. T - score stands for the number of standard deviations (SD) from 
the density of young healthy individuals of the same sex (39).(Table 1) 
To improve the identification of patients at highest risk of fracture, WHO has developed an 
algorithm to predict fractures - FRAX ™ http://www.shef.ac.uk/FRAX/  
According to European Association of Urology (EAU) guidelines, a precise evaluation of BMD 
should be performed by dual X-ray absorptiometry before starting long-term ADT. An initial 
low BMD (T-score below 2.5, or below 1 if other risk factors are present) indicates a high risk of 
subsequent non-metastatic fracture, suggesting the need for early use of preventive 
bisphosphonate therapy (56). 
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5.3 ADT, prostate cancer (PCa) and clinical aspects of bone disease 
At presence, significant amount of data report that ADT is associated with the loss of 
BMD in a time-dependent manner (57-59) which leads into increased fracture risk (60). 
Skeletal fractures negatively correlate with overall survival in men with PCa (61) and 
maintaining skeletal health is crucial for QoL and survival (62).  
Treatment of complications of pathological fractures is complicated and expensive (63). 
Moreover, the typical feature of PCa is the ability to metastasize into bone in more than 80 % 
of cases (64). Most bone lesions in PCa are osteoblastic in nature (65). However, studies 



 
Prostate Cancer – Diagnostic and Therapeutic Advances 

 

342 

show that osteoblastic lesions in PCa have excessive bone growth, but on the other hand 
also simultaneously increased osteolysis (66). The new bone formed by tumor stimulated 
osteoblast is weak and poorly mineralized and subsequent osteopenia leads into increased 
osteolysis - result to the creation of bone matrix with seriously compromised integrity. The 
risk of developing bone complications is therefore increased. 
Treatment of PCa does not focus on skeletal complications that may arise from bone 
metastases. The main symptom of bone metastases is severe bone pain, which often requires 
strong narcotic therapy or palliative radiation therapy. Other complications include spinal 
cord compression and pathological fractures, which may require surgery. These skeletal 
complications have a negative effect on QoL (65). 
Data from a double-blind, placebo-controlled studies show that approximately half of 
patients treated with ADT had one or more events associated with the skeleton. Most of 
these events required palliative radiotherapy, or were pathological fractures (67). Skeletal 
complications are also associated with significant financial expenditure. A recent analysis of 
the costs of health insurance in the U.S. since 1994 until 2002 revealed that the total cost to 
treat patient with PCa who had skeletal event were 20 000 dollars higher than in patient 
who did not experience skeletal event (68). 
Interestingly, it has been reported that hormone naive patients with advanced PCa have 
lower baseline BMD than healthy control, and relatively high prevalence of osteopenia 
and osteoporosis (69, 70). The largest study that investigated the association of BMD 
measures with PCa risk in older men enrolled was the Osteoporotic Fractures in Men 
Study (MrOS) (71). 
MrOS was prospective study conducted on 4597 men with mean follow up 5.2 years, 
which evaluated the association of BMD and incidental PCa in a cohort of older men with 
no history of PCa. Unexpectedly, the authors found that higher total body BMD was 
significantly related to reduced risk for PCa. This result was „unexpected“ because 
authors presumed that the higher levels of androgens lead into higher prevalence of PCa, 
which positively correlates with BMD. Additionally, total body BMD was inversely 
associated with the development of high-grade, but not low-grade disease. A similar but 
weaker association was observed for total hip BMD with high-grade PCa. This study 
confirms the association, although still not elucidated, between low BMD and PCa.  

5.4 Treatment of ADT induced osteoporosis 
Lifestyle changes: Immobilization is an important cause of bone loss. Immobile patients lose 
bone mass more rapidly than mobile patients. Regular daily activities, overcoming 
gravity, walking, and exercise have a positive impact on bone density: it stimulates 
osteoblasts to produce new bone and inhibits osteoclasts, thereby decreasing resorption of 
bone. It also improves physical coordination (prevention of falls). Cessation of smoking, 
decreased alcohol consumption and normalization of body mass index (BMI) helps to 
maintain BMD (72). 
Ca supplementation: The ideal is to ensure that the amount of calcium is taken in the 
normal diet. If the patient is unable to take the recommended amount of calcium in the 
diet (lactose intolerance, hyperlipoproteinemia, etc) it is recommended for calcium 
supplementation (1000mg – 1500 mg daily) (72). 
Vitamin D: Supplementation of vitamin D is recommended when its deficiency can be 
assumed or proven. The recommended daily dose is 400-800 IU (10-20 mg). 
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Bisphosphonates are one of the most potent inhibitors of bone resorption. The effect on the 
reduction of osteoporotic fractures has been demonstrated for treatment with alendronate, 
risedronate, ibandronate, etidronate and zoledronic acid. The effectiveness in reducing 
vertebral and nonvertebral fractures were confirmed by many studies (73, 74, 75). The 
optimal regimen for zoledronic acid is unclear, because one study recommends treatment 
every 3 weeks (76), while another trial has produced similar results with an annual injection 
(77), and finally, another study reports that single infusion of zoledronic acid in patients 
receiving ADT reduces bone mineral loss and maintains BMD at least for 12 months during 
ADT (78).  
One of the most important and serious adverse effect of bisphoshonate administration is jaw 
necrosis (79) The initial BMD could be used to guide the choice of regimen (80).Thus, a 3-
month injection might be given in osteoporotic patients, for whom a yearly injection is likely 
to provide insufficient protection (56). 
Denosumab is a fully human monoclonal antibody against RANKL (see above). In the largest, 
well conducted study to date, denosumab was associated with 5.6% increase in the lumbar 
BMD versus 1% decrease in the placebo arm. There were also significant BMD increases at 
the total hip, femoral neck and distal third of the radius. 60 mg was delivered 
subcutaneously every 6 months, was not associated with any significant toxicity, or delayed 
healing in vertebral fractures (81). 

6. Androgens and cognitive functions 
It is known that during certain developmental stages- especially during the first years of life, 
during adolescence, girls surpass in boys several verbal skills. Males excel after about the 
tenth year of life in non-verbal skills in adulthood, especially in spatial orientation and 
manipulation (82). 
Evidence of a link between sex hormones and spatial abilities came from studies of 
individuals with Turner syndrome (XO karyotype, no gonadal hormones) or testicular 
feminization syndrome- (XY karyotype, the tissues are refractory to normal levels of TST). 
These patients have female external genitalia, they are raised as girls. In these patients 
verbal skills surpass their spatial abilities, which is a typical pattern of cognitive abilities of 
women (83). 
Studies on men with idiopathic or acquired hypogonadotrophic hypogonadism confirm the 
importance of TST for spatial abilities. Short-term androgen supplementation did not restore 
spatial function, suggesting that low levels of sex hormones during the intrauterine and 
neonatal period have a lifelong impact (84).  
Direct sex hormones manipulation supports the conclusion that androgens play an 
important role in cognition. The first experiments with direct hormonal manipulation can be 
traced back to 1941 when Simonson et al. (85) published their experiment using methyl TST 
that was administered to eunuchoids, castrated males, and elderly men. The result was an 
improved ability to perceive the flicker (critical flicker frequency), a measure of attention 
and alertness, as long as the androgen treatment lasted (86). 
Androgen therapy was also administered to female to male transsexuals in high doses as a 
preparation before gender reassignment. Their spatial skills have significantly improved, 
while verbal skills declined considerably (87).  
For ethical reasons, nowadays the manipulation of gonadal hormones is restricted to 
patients in clinical studies. Thus, the last such study was conducted in 1971. Klaiber et al. 
(88) studied the effect of infused TST on mental abilities in healthy male students. After a 4-
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show that osteoblastic lesions in PCa have excessive bone growth, but on the other hand 
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the costs of health insurance in the U.S. since 1994 until 2002 revealed that the total cost to 
treat patient with PCa who had skeletal event were 20 000 dollars higher than in patient 
who did not experience skeletal event (68). 
Interestingly, it has been reported that hormone naive patients with advanced PCa have 
lower baseline BMD than healthy control, and relatively high prevalence of osteopenia 
and osteoporosis (69, 70). The largest study that investigated the association of BMD 
measures with PCa risk in older men enrolled was the Osteoporotic Fractures in Men 
Study (MrOS) (71). 
MrOS was prospective study conducted on 4597 men with mean follow up 5.2 years, 
which evaluated the association of BMD and incidental PCa in a cohort of older men with 
no history of PCa. Unexpectedly, the authors found that higher total body BMD was 
significantly related to reduced risk for PCa. This result was „unexpected“ because 
authors presumed that the higher levels of androgens lead into higher prevalence of PCa, 
which positively correlates with BMD. Additionally, total body BMD was inversely 
associated with the development of high-grade, but not low-grade disease. A similar but 
weaker association was observed for total hip BMD with high-grade PCa. This study 
confirms the association, although still not elucidated, between low BMD and PCa.  

5.4 Treatment of ADT induced osteoporosis 
Lifestyle changes: Immobilization is an important cause of bone loss. Immobile patients lose 
bone mass more rapidly than mobile patients. Regular daily activities, overcoming 
gravity, walking, and exercise have a positive impact on bone density: it stimulates 
osteoblasts to produce new bone and inhibits osteoclasts, thereby decreasing resorption of 
bone. It also improves physical coordination (prevention of falls). Cessation of smoking, 
decreased alcohol consumption and normalization of body mass index (BMI) helps to 
maintain BMD (72). 
Ca supplementation: The ideal is to ensure that the amount of calcium is taken in the 
normal diet. If the patient is unable to take the recommended amount of calcium in the 
diet (lactose intolerance, hyperlipoproteinemia, etc) it is recommended for calcium 
supplementation (1000mg – 1500 mg daily) (72). 
Vitamin D: Supplementation of vitamin D is recommended when its deficiency can be 
assumed or proven. The recommended daily dose is 400-800 IU (10-20 mg). 

 
Androgen Deprivation Therapy for Prostate Cancer 

 

343 

Bisphosphonates are one of the most potent inhibitors of bone resorption. The effect on the 
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hour infusion of TST or saline in the control group, performance of the control group (saline 
infusion) showed a significant decline in mental performance when compared to TST 
infused group. 

6.1 Potential mechanisms of action 
TST may impact cognition through several mechanisms. For example, activation of calcium 
channels in the brain occurs through rapid, nongenomic methods of action on G-protein-
coupled, agonist sequestrable testosterone membrane receptors that initiate a 
transcription-independent signal pathway (89). TST also may impact cognitive 
performance directly through modulating neurotransmitters and stimulating neuronal 
connectivity, decreasing β-amyloid peptide production, and preventing N-methyl-D-
aspartate excitotoxicity (90) mechanisms implicated in cognitive disorders such as 
Alzheimer disease or dementia. Furthermore, some estrogen studies have highlighted 
several possible mechanisms through which this hormone can impact cognitive 
functioning (91). These include increasing cholinergic activity through its action of choline 
acetyltransferase, maintenance of dendritic spine density on CA1 pyramidal cells of the 
hippocampus and facilitating induction of long-term potentiation in the hippocampus, 
increasing serotonergic and cholinergic activity to maintain neural circuitry, altering 
lipoprotein, and decreasing risk of cerebral ischemia (92, 93). 

6.2 Cognitive functions and ADT 
Green et al were the first to systematically research the impact of androgen-ablation therapy 
on the cognitive functioning of men with PCa. Sixty-five men (mean age, 73 years) with 
advanced PCa were assigned randomly to 1 of 4 groups: leuprolide (N = 19), goserelin (N = 
20), cyproterone acetate (N = 11), and monitoring without hormone treatment (N = 15). All 
men participated in a battery of neuropsychological assessments at baseline (ie, 1 week 
before treatment) and then 6 months later. PSA and TST levels decreased significantly from 
baseline to 6 months for the 3 hormonally treated groups. Conflicting results emerged in the 
memory domain; men in the goserelin group surprisingly improved on 2 measures of 
memory (verbal [Wechsler Memory Scale-Revised] and visual [Rey-Osterrieth Complex 
Figure test]) but declined in another measure of verbal memory (Auditory Verbal Learning 
Test). The goserelin group also declined in a measure of executive functioning (Trails B). Of 
the 50 men on active treatments, 24 men showed a reliable decline (ie, >1 standard 
deviation) on at least 1 cognitive task, and 7 men showed a reliable change on 2 tasks, 
whereas the monitoring-only group showed no decline on any of the tasks (94). 
Salminen et al researched the cognitive effects of ADT on 26 men who were diagnosed 
recently with PCa and who began ADT 2 months before radiotherapy. From baseline to 12 
months, tests of visuomotor speed and of reaction time saw significant decreases. The 
decline in TST coincided with a decline in visuomotor processing (digit symbol), reaction 
time (10-choice reaction time), working memory speed (subtraction), sustained attention 
(vigilance), and recognition speed (recognition of letters) (95).  
Jenkins et al assessed 32 men with standard neuropsychological assessments at 3 time 
intervals: at baseline, 3 months, and 9 months. The average age of these men was 67.5 
years, and they used ADT for 3 to 5 months. Twenty-five healthy men, similar in age, 
served as the control group. Although there was no overall group effect, a greater percent 
of men in the ablation group reported a significant cognitive decline in 1 task (47%) 
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compared with the control group (17%; odds ratio, 4.412; P < .05) at the 3-month time 
point. There were no significant differences between the groups at the 9-month time 
point. On specific domain analysis, the tasks most impacted at the 3 month time point 
were spatial memory and ability (96). 
Joly et al compared physical and cognitive function in a cross-sectional study of 57 patients 
who were receiving ADT for nonmetastatic PCa and 51 healthy, age-matched controls. 
Thirty patients received ADT as adjuvant treatment after prostatectomy or radiotherapy, 
and 27 patients received ADT for increasing levels of PSA. The median duration on ablation 
therapy was 1.8 years (range, 0.4-7.4 years). To assess cognitive functioning, the researcher 
administered the Sensitivity Cognitive Screen and a self-reported assessment on cognitive 
deficits (the Functional Assessment of Cancer Treatment-Cognitive Scale [FACT-COG]). In 
contrast to other studies cited above, Joly and colleagues observed that, although men with 
nonmetastatic PCa who received ADT experienced more treatment-related symptoms, no 
differences in cognitive function on either the High Sensitivity Cognitive Screen or the 
FACT-COG. The authors suggested that the High Sensitivity Cognitive Screen may not be 
sensitive enough to detect the subtle cognitive changes that occur after ADT. In addition, 
self-report of cognitive function has not been correlated consistently with actual 
neuropsychological testing (97). 
In conclusion, the data show that androgen ablation does have cosequences for cognitive 
functioning. Larger longitudinal studies are warranted. 

6.3 ADT and changes in body composition 
Male hypogonadism (of any etiology) results in a decline in lean body mass (LBM) and an 
increase in fat mass, which is reversed with TST replacement (98). A cross-sectional study 
showed that men undergoing long-term ADT (12–101 months) have increased fat mass in 
the trunk and all extremities- measured by dual-energy x-ray absorptiometry (DXA), 
compared with eugonadal men with PCa not undergoing ADT (treated with prostatectomy 
and/or radiation therapy) and age-matched eugonadal controls (99).  
Another case control study examined the prevalence and magnitude of obesity and fat mass 
in a group of 62 men with PCa receiving ADT for 1–5 yr (100). Healthy men (n = 47) with a 
PSA of less than 4.0 ng/ml were recruited as controls. The study showed that men with PCa 
had significantly higher body weight (86.5 vs. 80.6 kg) and percent body fat (30 vs. 26%) 
than controls. 
Meta-analysis of sixteen studies showed that ADT increased percentage of body fat by on 
average 7.7% (95% CI 4.3, 11.2, from seven studies, P < 0.0001) and decreased % LBM by 
on average -2.8% (95% CI -3.6, -2.0, from six studies, P < 0.0001) but for both there was 
marked heterogeneity between studies (I2 = 99% I2 = 73%, respectively). Similarly, body 
weight (2.1%, P < 0.0001 from nine studies) and BMI (2.2%, P < 0.0001, from eight studies) 
increased significantly. More extensive changes were seen with longer duration of 
treatment (101).  
These studies prove that ADT results in an unfavorable body composition. The increase of 
fat mass in patients on ADT correlates positively with rising insulin levels (102). Hence, this 
increasing adiposity may be the primary event leading to these metabolic complications 
(possibly via elaboration of adipokines and inflammatory cytokines). Similarly, it is possible 
that a decrease in muscle mass may result in decreased glucose uptake by the muscle. These 
changes may ultimately lead to insulin resistance and diabetes in this population, hence 
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predisposing them to cardiovascular disease. Lifestyle changes or suitable interventions to 
minimize the effect of ADT on body composition need to be investigated. 

7. ADT and insulin resistance 
Epidemiological studies have shown that low TST levels predict the development of insulin 
resistance and type 2 diabetes (103, 104, 105). Studies have also confirmed a direct 
relationship between serum TST and insulin sensitivity (106). These findings are further 
supported by interventional studies showing an improvement in insulin sensitivity with 
TST replacement in hypogonadal obese men (107). 

7.1 Early metabolic changes  
There is some evidence, that the onset of insulin resistance can be detectable after 3 months 
of ADT (108, 109). 3-month prospective study using combined androgen blockade with 
leuprolide and bicalutamide showed a 43% increase in fat mass and a 26% increase in 
insulin levels from baseline, again indicating development of insulin resistance with 
increasing adiposity (110). Although there was no significant change in fasting glucose 
levels, a statistically significant increase in glycosylated hemoglobin was seen (though this 
increase was within the normal range from 5.46–5.62%). These observations suggest that 
insulin resistance develops within a few months of initiating ADT; however, this 
compensatory hyperinsulinemia prevents the development of diabetes. 

7.2 Late metabolic changes 
Observational study of a population-based cohort found that men undergoing ADT with 
GnRH agonists had a higher risk of incident diabetes (11%), coronary artery disease 
(25%), myocardial infarction, and sudden death (111). Interestingly, orchiectomy was 
associated only with a higher risk of diabetes. In some men, this risk was evident within 4 
months of starting ADT. These findings suggest that although both medical and surgical 
modalities of ADT result in increased metabolic burden, GnRH analogs are also 
associated with cardiovascular events. 
After 12 months of ADT, serum fasting glucose increased significantly (112), suggesting that 
men with PCa who are receiving long-term ADT are at risk for developing insulin resistance 
and hyperglycemia, thus leading to their increased risk of cardiovascular disease (113).  
A retrospective study which enrolled 396 patients with a median follow-up of 60.1 
months, 36 (11.3%) patients developed new- onset diabetes mellitus (NODM). In 77 
patients with pre-existing diabetes, there was an increase of >/=10% in serum HbA1c or 
fasting glucose levels in 15 (19.5%) and 22 (28.6%), respectively. On multivariate analysis, 
a BMI of >/=30 kg/m(2) was associated with an increased risk of developing NODM 
(odds ratio 4.65, P = 0.031) (114).  
In conclusion, patients receiving ADT for PCa with or with no history of diabetes should 
have routine surveillance of glycaemic control, with appropriate preventive and treatment 
measures. 

8. ADT and lipid alterations 
Hyperlipidemia is a known risk factor for cardiovascular disease. Recent epidemiological 
research suggests that low serum TST levels in men are associated with an adverse lipid 
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profile, especially elevated total cholesterol, LDL cholesterol, and triglycerides (115). 
Furthermore, interventional studies have shown that TST replacement in hypogonadal men 
results in an improvement in lipid profile (116). 
During long-term ADT, triglycerides rise by approximately 26% and total cholesterol 
approximately 10%. (117, 118, 119) In addition, high-density lipoprotein (HDL) rises 
approximately 8% to 11%. The net effect of these changes on cardiovascular risks is 
unknown. Significant changes can be observed within the first 3 months of treatment, with 
more modest subsequent change (110). 

9. ADT, metabolic syndrome and cardiovascular disease 
Metabolic syndrome (MS) is a known risk factor for cardiovascular disease (CVD) (120). 
According to the Adult Treatment Panel III guidelines (121), a man is considered to have MS 
if he meets 3 of the following 5 criteria: fasting plasma glucose level >110 mg/dL, serum 
triglyceride level 150 mg/dL, serum high-density lipoprotein level <40 mg/dL, waist 
circumference >102 cm, and blood pressure ≥ 130/85 mmHg.  Subjects on antihypertensive 
and antilipid medications are also considered positive for the respective criteria. Recently, 
male hypogonadism has surfaced as an independent risk factor for MS. Cross-sectional 
studies have shown that men with hypotestosteronemia have a higher prevalence of MS 
(122). Longitudinal studies also show that lower androgen levels in men independently 
predict the development of MS (105). 
These observations suggest that profound hypogonadism due to ADT imparts increased 
metabolic burden. Long-term prospective studies are needed to determine the time of onset 
of various metabolic alterations in these men. 
Since MS is associated with CVD, large studies were conducted to assed the CV risk and 
ADT. A large SEER-Medicare–based analysis of 73,196 men aged 66 years and older with PCa 
identified significant GnRH agonist-associated elevations in risk for myocardial infarction 
(HR, 1.11; p= .03), sudden cardiac death (HR, 1.16; p = .004), and new diagnosis of coronary 
heart disease (HR, 1.16; p< .001) (123). Similarly, a second SEER-Medicare–based study of 
23,000 men with PCa found a 20% ADT-attributable rise in CV morbidity at 1 year (124). 
In contrast, a recently reported matched cohort analysis of approximately 20,000 men in an 
On-tario database found no association between ADT and acute myocardial infarction (HR, 
0.91; 95% CI, 0.84–1.00) (125). 
A smaller population-based observational study of 3262 men who had undergone 
prostatectomy for PCa found that ADT was significantly associated with CV mortality, 
although only in the subset of men aged 65 years and older (126). This analysis failed to 
validate baseline coronary artery disease and diabetes as risk factors for CV mortality. 
Finally, combined analysis of 3 randomized trials involving men with localized PCa found 
that in the subset of men aged 65 years and older, 6 months of treatment with a GnRH 
agonist led to earlier onset of fatal myocardial infarction (127). 
Three large randomized, controlled trials by the Radiation Therapy Oncology Group 
(RTOG) have been retrospectively analyzed for an association between neoadjuvant/ 
concomitant/adjuvant ADT and CV mortality. These analyses have not found convincing 
evidence of an association (128-130). Secondary analyses of a randomized controlled trial 
from the EORTC found no association between ADT and CV mortality. The RTOG and 
EORTC trials were randomized, featured large enrollments, and had long-term follow-up. 
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approximately 10%. (117, 118, 119) In addition, high-density lipoprotein (HDL) rises 
approximately 8% to 11%. The net effect of these changes on cardiovascular risks is 
unknown. Significant changes can be observed within the first 3 months of treatment, with 
more modest subsequent change (110). 

9. ADT, metabolic syndrome and cardiovascular disease 
Metabolic syndrome (MS) is a known risk factor for cardiovascular disease (CVD) (120). 
According to the Adult Treatment Panel III guidelines (121), a man is considered to have MS 
if he meets 3 of the following 5 criteria: fasting plasma glucose level >110 mg/dL, serum 
triglyceride level 150 mg/dL, serum high-density lipoprotein level <40 mg/dL, waist 
circumference >102 cm, and blood pressure ≥ 130/85 mmHg.  Subjects on antihypertensive 
and antilipid medications are also considered positive for the respective criteria. Recently, 
male hypogonadism has surfaced as an independent risk factor for MS. Cross-sectional 
studies have shown that men with hypotestosteronemia have a higher prevalence of MS 
(122). Longitudinal studies also show that lower androgen levels in men independently 
predict the development of MS (105). 
These observations suggest that profound hypogonadism due to ADT imparts increased 
metabolic burden. Long-term prospective studies are needed to determine the time of onset 
of various metabolic alterations in these men. 
Since MS is associated with CVD, large studies were conducted to assed the CV risk and 
ADT. A large SEER-Medicare–based analysis of 73,196 men aged 66 years and older with PCa 
identified significant GnRH agonist-associated elevations in risk for myocardial infarction 
(HR, 1.11; p= .03), sudden cardiac death (HR, 1.16; p = .004), and new diagnosis of coronary 
heart disease (HR, 1.16; p< .001) (123). Similarly, a second SEER-Medicare–based study of 
23,000 men with PCa found a 20% ADT-attributable rise in CV morbidity at 1 year (124). 
In contrast, a recently reported matched cohort analysis of approximately 20,000 men in an 
On-tario database found no association between ADT and acute myocardial infarction (HR, 
0.91; 95% CI, 0.84–1.00) (125). 
A smaller population-based observational study of 3262 men who had undergone 
prostatectomy for PCa found that ADT was significantly associated with CV mortality, 
although only in the subset of men aged 65 years and older (126). This analysis failed to 
validate baseline coronary artery disease and diabetes as risk factors for CV mortality. 
Finally, combined analysis of 3 randomized trials involving men with localized PCa found 
that in the subset of men aged 65 years and older, 6 months of treatment with a GnRH 
agonist led to earlier onset of fatal myocardial infarction (127). 
Three large randomized, controlled trials by the Radiation Therapy Oncology Group 
(RTOG) have been retrospectively analyzed for an association between neoadjuvant/ 
concomitant/adjuvant ADT and CV mortality. These analyses have not found convincing 
evidence of an association (128-130). Secondary analyses of a randomized controlled trial 
from the EORTC found no association between ADT and CV mortality. The RTOG and 
EORTC trials were randomized, featured large enrollments, and had long-term follow-up. 
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Bone metabolism Loss of BMD, skeletal events (fractures), increased 
morbidity&mortality 

Bone marrow Anaemia 
Lipid profile alterations Increased: overall cholesterol, TAG, LDL, HDL 
Impaired insuline sensitivity Hyperinsulinemia, new onset diabetes, worsening existing 

DM  
Body composition Increase in fat mass, decrease in muscle mass, increased 

BMI 
Cardiovascular disease Increased risk of CV morbidity and mortality (?) 
Metabolic syndrome See above 
Cognitive functions Impaired spatial cognition, reaction time, other (?) 
Other Mood changes, loss of libido 

Table 2. Summary of main organ systems affected by severe hypogonadism (by ADT) 
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1. Introduction 
Recently, a number of alternative, less invasive treatments have been developed for patients 
with localized prostate cancer, who are not indicated for surgery, or who do not want to 
experience the potential side effects of surgery. Laparoscopic radical prostatectomy, robotic 
assisted laparoscopic radical prostatectomy (RALP), 3-dimensional conformal radiotherapy 
(3D-CRT), brachytherapy, intensity-modulated external beam radiotherapy (IMRT), high-
intensity focused ultrasound (HIFU) and cryoablation of the prostate have all been applied 
to treat this group of patients. 
QOL measurements for prostate cancer therapy have become an essential component of 
clinical trial evaluations, and should be integrated into comprehensive cancer care. 
Health-related QOL (HRQOL) concerns, urinary function, and potency rate after 
treatment are important to patients when selecting treatment options for clinically 
localized prostate cancer, and they also play a critical role in evaluating outcome 
following intervention. 
Many studies have been carried out with the aim of improving QOL, urinary function, and 
potency rate after treatment for localized prostate cancer with many modalities. Clinicians 
have an obligation to assess the impacts these treatments have on QOL, and use this 
knowledge in an overall evaluation of efficacy. 

2. QOL changes after treatment for localized prostate cancer 
There are few changes in general HRQOL after a retropubic radical prostatectomy (RRP) or 
interstitial brachytherapy.1-3 However, disease-specific QOL, especially bowel function and 
urinary irritative symptoms, is worse in the interstitial brachytherapygroup, and urinary 
incontinence and sexual function are worse in the RRP group.1  Hamada et al. evaluated 
QOL immediately before surgery and at several points during the 6-month period after 
retropubic radical prostatectomy (RRP). They reported that a radical prostatectomy 
aggravates the Social/Family well-being score and the FACT-P score.4  Other studies have 
also showed that prostatectomy and interstitial brachytherapy continuously decreased 
health-related QOL.5-8 Hanlon et al. showed that external beam radiotherapy for localized 
prostate cancer aggravates bowel function.9 Hubosky et al. reported that HRQOL showed 
patients undergoing cryoablation on average achieved urinary and bowel domain scores 
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comparable to baseline, but sexual domains remained well below baseline at 12 months 
follow-up and compared to brachytherapy, cryotherapy results in less irritative and 
obstructive voiding systems in the early post-treatment period, and may improve the 
urinary function for up to 24 months after treatment.10 
We reported QOL after HIFU for localized prostate cancer.11 In our report the total FACT 
score significantly improved at 24 months, and Physical well-being factor(at 6 and 12 
months after HIFU therapy) and Functionalwell-being factor (at 24 months after HIFU 
therapy) in FACT-G showed significant improvements. Further analysis of the elements of 
FACT-G showed such responses as “I am bothered by the side-effects of treatment” (at 12 
months after HIFU therapy), “I am able to enjoy life” (at 24 months afterHIFU therapy) and 
“I have accepted my illness” (at 24 months after HIFU therapy) to have all statistically 
improved. 

3. Urinary function after treatment for localized prostate cancer 
3.1 Urinary incontinence after radical prostatectomy 
Urinary incontinence is the most prominent side effect of radical prostatectomy. Urinary 
incontinence after treatment for localized prostate cancer is caused by sphincter 
malfunction. So, several technical modifications of open, laparoscopic and robot-assisted 
laparoscopic radical prostatectomy have been advocated to improve early and late urinary 
incontinence. 
Pardo et al. reported that urinary incontinence rates of patients treated with non-nerve 
sparing RRP and nerve sparing RRP were 69% and 54%.12 It has recently been demonstrated 
that reconstruction of the posterior aspects of the rhabdoshincter allows a rapid recovery of 
continence after retropubic radical prostatectomy and laparoscopic radical prostatectomy.13  
But, Joshi et al.reported that there was no significant difference in early urinary incontinence 
between the group for which the posterior aspects of the rhabdoshincter were reconstructed 
and the group for which they were not reconstructed in cases of RALP.14 They suggested the 
reason why there was no significant difference was a magnified stereoscopic view and/or 
the finer, more maneuverable instruments in robot system may allow better preservation of 
sphincter supporting musculature, hence improving continence, and may obviate the 
advantages of posterior reinforcing sutures. 
Di Pierro et al. compared continence rate between groups of patients treated with RRP and 
RALP, and reported that the continence rate of the RALP group was significantly higher 
than the RRP group at 3 and 12 months after RALP.15  Wang et al. reported that continence 
was achieved in 82%, 87%, and 91% of men at 3, 6, and 12 months after RALP.16 They also 
reported that the mean IPSS scores of these patients preoperatively and 3, 6, and 12 months 
after surgery were 14.1, 5.2, 3.0, and 2.9 and corresponding mean QOL scores were 3.4, 2.1, 
1.6, and 1.6.13 

3.2 Urinary function after radiation therapy, cryotherapy, and HIFU 
Sanda et al.reported that 18% of patients in the brachytherapy group, 11% of those in the 
radiotherapy group, and 7% of those in the prostatectomy group had moderate or worse 
distress from overall urinary symptoms at 1 year.17 Pardo et al. reported that compared to 
the brachytherapy group, the prostatectomy group showed a greater deterioration of 
urinary incontinence but better urinary irrigative-obstructive results.12 
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Hubosky et al. reported that the urinary function was similar for the groups of patients 
treated with cryoablation and brachytherapy until 18 months, at which time cryoablation 
patients fared better and this was sustained up to 24 months.10 
We reported that the QOL index improved significantly at 6 months after HIFU therapy. 
Our data on uroflowmetry showed that maximum flow rate and residual urine volume were 
significantly impaired at 6 months after HIFU. However, the data on maximum flow rate 
and residual urine volume recovered to baseline at 12, 24 months after HIFU.11 

4. Erectile function 

It is important to preserve erectile function during treatment of prostate cancer. 
Postoperative potency depends on the preservation of neurovascular bundles (NVB), which 
are some times affected by tumor invasion.  
Hanlon et al. reported a normal potency rate at 1 year after treatment of 50% for patients in 
the RRP group, 65% for patients in the brachytherapy group, and 69% for patients in the 
radiotherapy group.17 

4.1 Erectile function after radical prostatectomy 
Generally, the potency rate is aggravated by injury to NVB after radical prostatectomy. Poel 
et al. reported a potency rate 53.3 %at 6 months after RALP, and 42% of patients had potency 
without using a PDE5 inhibitor. They concluded that prostatic fascia preservation resulted 
to good potency rates after RALP.18 Consequently, preservation of NVB and prostatic fascia 
is important to preserve erectile function. Di Pierro et al. compared potency rates between 
groups of patients treated with RRP and RALP. They performed RALP with a procedure 
using a transperitoneal approach and preserved the NVB through a tension- and energy- 
free technique19 as far as cancer localization allowed, and reported that the potency rate 
without PDE-5 inhibitors of the RALP group (68% and 55%) was significantly higher than 
that of the RRP group (25% and 26%) at 3 and 12 months after RALP.15 

4.2 Erectile function after radiation therapy, cryotherapy, and HIFU 
Pardo et al. reported that among patients with no relevant sexual problems at baseline, 
approximately 40% in the external and interstitial brachytherapy groups had preserved their 
pretreatment sexual status.12 
Merrick et al. reported that 39% of patients maintained potency after prostate brachytherapy 
with a plateau on the potency preservation curve at 6-year follow-up, and preservation of 
potency after brachytherapy correlated with preimplant erectile function, patients age, use 
of supplemental external beam radiation therapy, and diabetes, and was statistically 
significant.20 
Asterling et al. reported that 3.7% and 14.3% of patients had partial erections at 6 weeks and 
9 months after cryosurgical ablation. Besides, 21% and 24% of the patients had regained full 
potency at 18 and 24 months after cryosurgical ablation.21 

Hubosky et al. reported that cryotherapy patients experienced more negative impacts on 
sexual function steadily up to 12 months compared to brachytherapy patients.10 

We reported that potency rates were 52%, 63% and 78% for patients who did not undergo 
NADT at 6, 12and 24 months after HIFU therapy. Furthermore, potency rates were 39%, 
62% and 67% at 6, 12, and 24 months, respectively, after HIFUtherapy without the use of 
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PDE5 inhibitors.11  HIFU therapy can, therefore, preserve erectile function better than RRP 
and cryotherapy, and is similar to RALP. 

5. Conclusion 
5.1 QOL 
RRP and interstitial brachytherapy continuously decreased health-related QOL. External 
beam radiotherapy for localized prostate cancer aggravates the bowel function. Health-
related QOL was significantly improved in patients treated with HIFU therapy at 24 months 
after HIFU. 

5.2 Urinary function 
Urinary incontinence is the most prominent side effect of radical prostatectomy. But, 
RALP might improve incontinence rates of patients. The urinary function of patients after 
brachytherapy and cryotherapy were similar. In HIFU, however maximum flow rate and 
residual urine volume were significantly impaired at 6 months after treatment, and data 
on maximum flow rate and residual urine volume recovered to baseline at 12, 24 months 
after HIFU. 

5.3 Erectile function 
Generally, potency rate was aggravated by injury to NVB after radical prostatectomy. 
Consequently, using RALP to preserve the NVB and prostatic fascia is important for 
preserving erectile function. Approximately 40% of patients in the external and interstitial 
brachytherapy groups preserved their pretreatment sexual status. In cryoablation, 3.7% and 
14.3% of patients had partial erections at 6 weeks and 9 months after treatment. And, 21% 
and 24% of the patients had regained full potency at 18 and 24 months after cryosurgical 
ablation. After HIFU, 52%, 63% and 78% of patients who did not undergo NADT had 
regained full potency at 6, 12, and 24 months after treatment therapy. Furthermore, the 
potency rates were 39%, 62%, and 67% at 6, 12, and 24 months, respectively, without the use 
of PDE5 inhibitors. HIFU therapy can, therefore, preserve erectile function better than RRP, 
radiotherapy, or cryotherapy. 
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1. Introduction 
Prostate cancer is among the most common types of malignancies and causes of cancer-
related deaths in men worldwide (Fitzpatrick, et al., 2009). Primary tumor involvement 
outside the prostatic capsule or relapse following radical prostatectomy results generally 
in incurability (Lassi & Dawson, 2009). Androgen deprivation therapy has progressed 
since attempts in 1941, when surgical castration had been shown to improve outcomes for 
the first time. Palliative treatment consists of hormonal manipulation to deprive the 
cancer cells of androgenic stimulation by orchidectomy or use of LHRH analogs and 
steroidal or nonsteroidal antiandrogens (Kollmeier & Zelefsky, 2008). Although 
continuous androgen suppression therapy (CAS) has been a cornerstone of the 
management of prostate cancer for more than 50 years, controversy remains regarding its 
optimum application. Generally, androgen suppression (AS) is performed as continuous 
treatment, resulting in apoptotic regression of the tumor cells in a high percentage of 
cases. However, surgical or medical castration results in median progression-free survival 
of only 2–3 years, with no other effective treatment left (Mellado, et al., 2009). Responses 
to cytotoxic therapy are low and only recently several studies revealed a possible benefit 
of incorporating chemotherapeutic agents in treatment regimen for prostate cancer 
(Chang & Kibel, 2009). Taxanes like docetaxel and cabazitaxel, therapeutic cancer vaccines 
and newly developed agents targeting androgen receptor signaling are expected to 
improve therapy (Madan et al., 2011). 
Following experimental research using animal models, intermittent androgen suppression 
(IAS) was introduced as new clinical concept, assuming that during limited regrowth in the 
treatment cessation periods tumorigenic cells are residing in an androgen-responsive state 
(Goldenberg, et al., 1995). Since induction of androgen independence may occur early after 
treatment initiation, cessation of antiandrogen therapy prior to this switch is expected to 
maintain the apoptotic potential of the tumor cells and keep them sensitive to retreatment. 
Providing an easy method for selection of the type of treatment and early assessment of 
tumor growth during the off-periods serial serum PSA determinations made IAS feasible. In 
detail, IAS consists of an initial androgen suppression period of up to nine months 
combining LHRH antagonists and antiandrogens, which is followed by treatment cessation 
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until a certain PSA threshold is reached; then, androgen suppression is reinitiated until a 
maximal effect is observed again. In initial pilot trials regrowing tumors of patients 
undergoing IAS were consistently reported to be sensitive over several cycles of androgen 
withdrawal (figure 1).  
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Fig. 1. Schematic model of CAS and IAS. CAS treatment of prostate cancer rapidly results in 
appearance of androgen-insensitive cells and tumor progression within 2–3 years in 
advanced stages. On the contrary, IAS preserves the hormone sensitivity of the cells through 
cycling between androgen suppression and treatment cessation phases in order to prolong 
the time to hormone refractoriness and possibly survival. 

Therefore, the primary goal of IAS has been the prolongation of the hormone-sensitivity of 
the tumors, which in turn has been expected to result in increased survival eventually. 
Based on the available evidence, IAS nowadays represents a valid treatment option for 
patients with nonmetastatic prostate cancer, including those with locally advanced disease, 
either with or without lymph node involvement, and those who relapsed following 
apparently curative treatment. IAS has been researched since the mid-1980s in a number of 
clinical phase II and III trials in an effort to prolong hormone-dependency and reduce 
adverse effects and costs of CAS (Goldenberg, et al., 1995; Bales, et al., 1996; Buchan & 
Goldenberg, 2010, da Silva, 2011). With preclinical evidence suggesting a potential benefit of 
IAS in terms of time to androgen independence, with phase II and phase III studies 
producing optimistic results and with the potential for decreased costs and complications, 
IAS has now become a popular modality of therapy worldwide. 

2. Experimental development of intermittent androgen suppression 
The concept of IAS was experimentally developed using the androgen-dependent Shionogi 
mouse mammary tumor, investigating regular phases of growth, regression and recurrence 
of xenograft tumors during serial transplantation (Bruchovsky, et al., 1985). Since 
postcastrational progression of tumors towards an androgen-independent state appears to 
be linked to the cessation of androgen-induced differentiation of tumorigenic stem cells, it 
was hypothesized that the replacement of androgens at the end of apoptotic regression 
might result in the reappearance of differentiated tumor cells that maintain their apoptotic 
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potential. To determine the effect of intermittent application of androgens on the androgen-
dependent Shionogi carcinoma, the tumor was transplanted into a succession of male mice, 
each of which was castrated when the estimated tumor weight became about 3g. After the 
tumor had regressed to 30% of the original weight, it was transplanted into the next 
noncastrated male (Akakura, et al., 1993). This cycle of transplantation and castration-
induced regression was successfully repeated four times before tumor growth became 
androgen-independent during the fifth cycle (figure 2).  
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Fig. 2. Experimental animal model of IAS using androgen-dependent Shionogi tumor cells. 
Tumor cells are androgen-depleted by castration and, following tumor shrinkage to a 
defined degree, treatment cessation re-establishes a hormone-sensitive tumor. This cycle can 
be repeated four times until androgen-insensitive cells constitute a population of 
approximately 50% of all tumor cells in the fifth cycle and progression to a hormone-
refractory tumor occurs.  

The average duration of one cycle was 30 days and progression to androgen-insensitivity 
was observed after 150 days. After castration, the concentration of testosterone in the tumor 
was demonstrated to decline more rapidly than the dihydrotestosterone levels and 
spontaneous recurrent growth was not accompanied by significant elevation of the whole-
tissue concentration of either androgen. These results suggested that a recurrent tumor may 
contain hormone-sensitive cells, which are capable of resuming growth in an androgen-
depleted environment. The data also imply that progression from the androgen-dependent 
to the androgen-autonomous condition involves the selection and outgrowth of 
heterogeneous hormone-insensitive cells. 
The effects of castration on gene expression were measured in the androgen-dependent 
Shionogi mouse tumor model (Rennie, et al., 1988). During the first 48-72 h after castration, 
the tumor continued to increase its mass, but began to regress at 72-144 h. In the surviving 
cells there were no major decreases in RNA synthesis. Under these conditions, selected 
genes become overexpressed and, in particular, the concentration of the transcripts 
encoding testosterone-repressed prostate message-2 (TRPM-2/clusterin) was enhanced only 
when tumor regression was most evident, i.e. 72-144 h after castration. The TRPM-2 
(clusterin) gene also became expressed constitutively in non-regressing tumors after the first 
and subsequent cycles of androgen withdrawal. TRPM-2 is a membrane-stabilizing protein 
that appears to be involved in limiting the autophagic lysis of epithelial cells during 
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apoptosis and is possibly preserving the nuclear environment, suppressing the lethal effect 
of anti-androgenic treatment (Akakura, et al., 1993). Therefore, tumor progression, 
characterized by the loss of the apoptotic potential, appears to be linked in part to the 
inappropriate activation of the TRPM-2 gene. 
Since postcastrational progression of tumors to an androgen-independent state appears to 
be linked to the cessation of androgen-induced differentiation of tumorigenic stem cells, 
the replacement of androgens at the end of a period of apoptotic regression might result 
in the regeneration of differentiated tumor cells with maintained apoptotic potential. 
(Akakura, et al., 1993). The frequency of androgen-dependent and -independent 
tumorigenic stem cells in parent and recurrent Shionogi tumors was determined with help 
of an in vivo limiting dilution test (Rennie, et al., 1990). When assayed in male hosts a 
marked enrichment of stem cells in the recurrent tumors (1/200 tumor cells) relative to 
the parent tumors (1/4000 tumor cells) was detectable. By measuring tumor takes in 
female mice, a 500-fold increase in androgen-independent stem cells was found in the 
recurrent carcinoma. No enrichment of androgen-independent stem cells was evident in 
regressing parent tumors. This finding implies that the androgen-independent cells that 
survived androgen-withdrawal may result from the ability of a small number of initially 
androgen-independent stem cells to adapt to an altered hormonal environment. These 
results again indicated that the tumor mass mainly consisted of differentiated cells and 
that stem cells are initially androgen-dependent, but the apoptosis-inducing effect of 
androgen withdrawal will be limited to a factor of 100–1000, before compensatory 
adaptive mechanisms lead to progression of stem cells to an androgen-independent state. 
In recurrent tumors the amount of dihydrotestosterone was reduced by approximately 
85% in comparison to the parent tumor and expression of nuclear androgen receptor was 
completely abolished within 24 h after castration (Bruchovsky, et al., 1990). However, later 
on the amount of androgen receptor mRNA in androgen-dependent and -independent 
cells derived from the Shionogi carcinoma was similar, showing no relationship to 
progression (Akakura, et al., 1996). The uncoupling of TRPM-2 expression and apoptosis 
observed in androgen-independent tumor cells implicates that the function of androgen 
receptor becomes more restricted with tumor progression. There is evidence that the 
androgen receptor still plays an important role in progression to the castration-resistant 
incurable state in prostate cancer. While castration proved to be ineffective in castration-
resistant prostate tumors in an animal model, knockdown of androgen receptor was 
demonstrated to decrease serum PSA, inhibit cancer growth and frequently resulted in 
tumor regression (Snoek, et al., 2009). This study provided evidence that elimination of the 
androgen receptor might constitute a promising therapeutic strategy for treatment of 
prostate tumors that had progressed to the castration-resistant state. 
Serial determinations of the proportion of stem cells in the Shionogi tumor revealed a 
constant part during the first three cycles but a 15-fold increase between the third and fourth 
cycles (Rennie, et al., 1994). In the parent androgen-dependent tumor before androgen 
ablation they formed 0.8% of the total stem cell compartment. After the fourth cycle the 
androgen-independent stem cell population increased to 47% and a population of similar 
size was found in the androgen-independent recurrent of the tumor, which was induced by 
one-time castration. Therefore, it was concluded that independent of intermittent or 
continuous androgen withdrawal, conversion to hormone-insensitivity occurs as soon as the 
tumor has accumulated one-third to one-half of the total stem cell compartment with 
androgen-independent cells.  
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The next step included the switch to a human prostate cancer xenograft model using the 
LNCaP androgen-dependent prostate cell line, where serum PSA levels correlated well with 
tumor volume and decreased rapidly after castration, followed by appearance of androgen-
independency after 3-4 weeks (Gleave, et al., 1996). IAS-treated mice were implanted with 
testosterone pellets two weeks after castration and were subjected to cycles of testosterone 
replacement for 1 week and withdrawal for 2 weeks until serum PSA levels returned to 
baseline no longer. IAS therapy prolonged time to androgen-independent PSA production 
3-fold, from an average of 26 days in the CAS group to 77 days in the IAS group. It was 
concluded that IAS in the LNCaP model delayed the onset of androgen-independent PSA 
gene regulation markedly most likely due to androgen-induced differentiation and/or 
downregulation of androgen-suppressed gene expression. In summary, the animal 
experimental data indicated that androgen-dependent tumor xenografts can be subjected to 
several cycles of androgen withdrawal/replacement and revealed prolonged hormone-
dependency compared to continuous androgen suppression. 

3. Clinical development of intermittent androgen suppression 
Since the introduction of PSA screening in the late 1980s, more prostate cancers have been 
detected, and at an earlier stage (Gjertson & Albertsen, 2011). Consequently, the majority of 
prostate cancers are now detected years before the emergence of clinically evident disease, 
which usually represents locally advanced or metastatic cancer. PSA screening has remained 
controversial, because many of the prostate cancers detected are low grade and slow 
growing and will not need aggressive therapy. Prostate cancer is biologically and clinically a 
heterogeneous malignancy and its imaging evaluation will need to be tailored to the specific 
phases of the disease in a patient-specific, risk-adapted manner (Jadvar, 2011). With this 
long natural history and a median survival without treatment that often approaches at least 
15-20 years, many patients will die rather with than of prostate cancer. Approximately one-
third of patients who undergo radical prostatectomy will develop a detectable PSA level 
within 10 years (Tzou, et al., 2011). Biochemical relapse is defined as a rising PSA level in the 
absence of clinical or radiographic evidence of tumor. Management of PSA recurrence is 
controversial, as prostate cancer may take an indolent course, or it may develop 
aggressively into metastatic disease. The only potentially curative treatment for biochemical 
failure after prostatectomy is radiotherapy and the other treatment options include hormone 
therapy or clinical trials of new agents.  
Research on hormonal treatment of prostate cancer over the past 20 years has focused on 
maximizing androgen ablation through combination therapy. This increases treatment-
related side-effects and expenses and fails to prolong time to progression to androgen-
independence (Gleave, et al., 1998, Kollmeier & Zelefsky, 2008 ). Preliminary evidence 
indicates that a low androgen milieu is associated with tumor aggressiveness. Transition to 
androgen-independence is a complex process and involves both selection and outgrowth of 
preexisting androgen-resistant clones as well as adaptative upregulation of genes that 
enable cancer cells to survive and grow after CAS (Corona, et al., 2011). CAS in men with 
prostate cancer increases the risk of osteoporotic fractures, type 2 diabetes and, possibly, 
cardiovascular events (Grossmann, et al., 2011). The benefits of CAS in treating non-
metastatic prostate cancer need to be carefully weighed against the risks of CAS-induced 
adverse events. Management of the metabolic sequelae of CAS includes optimal reduction 
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of cardiovascular risk factors, with particular attention to weight, blood pressure, lipid 
profile, smoking cessation and glycemic control. 
The rationale behind IAS is based on the hypothesis that, if tumor cells, which survive 
androgen withdrawal, are forced into a normal differentiation pathway by androgen 
replacement, their apoptotic potential might be restored and progression to androgen 
independence may be delayed. Furthermore, immediate androgen ablation can be 
accomplished with less side effects and quality of live can be improved in a palliative 
setting. Observations from animal model studies suggest that progression to androgen-
independence involves adaptive responses to androgen deprivation, which seem to be 
delayed by intermittent androgen replacement. Supported by these results, several centers 
tested the feasibility of IAS in non-randomized groups of prostate cancer patients with 
serum PSA as trigger point (Buchan & Goldenberg, 2010).  
For example, in a small pilot trial in four stage C and three stage D patients with prostate 
cancer androgen withdrawal was initiated with cyproterone acetate and diethylstilbestrol 
and then maintained with cyproterone acetate in combination with the LHRH agonist 
goserelin acetate (Akakura, et al., 1993). After 6 or more months of suppression, treatment 
was interrupted for 2-11 months. After recovery of testicular function, androgen-withdrawal 
was resumed when serum PSA increased to a level of about 20 ng/ml. This cycle was 
sequentially repeated to a total of 2-4 times over treatment periods of 21-47 months with no 
loss of androgen-dependence. These early results demonstrate that IAS can be used to 
induce multiple apoptotic regressions of a tumor. 
Overall, these trials suggest that IAS is neither inferior nor superior to CAS, with respect to 
time to castration resistance and cancer-specific survival, but has significant advantages in 
terms of adverse effects, quality of life and costs (Buchan & Goldenberg, 2010). A number of 
unresolved questions remain regarding patient selection for therapy, optimum duration of 
treatment, optimal time point of reinitiation oftherapy after the off-phase and definition of 
progression to castration-resistant disease. In future, the use of second-line drugs during off-
treatment phases holds potential for delaying disease progression in men undergoing IAS. 
In a review data from 19 phase II studies were discussed with respect to PSA values for 
treatment suspension/reinitiation, treatment regimen, cycle lengths, testosterone 
normalization and tolerability. Most trials reported an improvement in quality of life during 
the off-therapy periods. Interim data from 8 phase III trials comparing IAS and CAS were 
found to corroborate the phase II results (Abrahamsson, 2009). Phase II/III data suggested 
that IAS was as effective as CAS but was characterized by better tolerability and quality-of-
life advantages; however, more data are required to determine the effect of IAS on the long-
term complications of androgen deprivation. Disease progression in 96 patients with 
biochemically relapsed prostate cancer under IAS was associated with pretreatment PSA 
doubling time (PSADT) ≥6 vs. <6 months, first off-treatment interval PSADT of ≥3 vs. <3 
months and PSA nadir during the first treatment interval of <0.1 vs. ≥0.1 ng/ml. During IAS 
PSADT became shorter and was associated with testosterone recovery (Keizman, et al., 
2011). The duration of the first off-treatment interval (< or > 40 weeks) was correlated with 
shorter time to hormone-insensitivity and death after adjusting for age, stage, grade and 
PSA at diagnosis (Yu et al., 2010, Sciarra, et al., 2011). 
Few randomized studies compared IAS with CAS for the treatment of advanced prostate 
cancer. Early survival results from phase III trials were limited and inconsistent. Mottet and 
colleagues reported no significant difference between patients receiving IAS and CAS with 
respect to median overall survival and median progression-free survival (Mottet, et al., 2006). 
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In another IAS study, 127 patients from the intermittent arm and 107 patients from the 
continuous arm progressed, with a hazard ratio (HR) of 0.81 (da Silva, et al., 2009). There was 
no difference in survival, with a HR of 0.99. The greater number of cancer deaths in the IAS 
arm (106 vs 84) was balanced by a greater number of cardiovascular deaths in the continuous 
arm (52 vs 41). Side effects were more pronounced in the continuous arm and patients treated 
with IAS reported better sexual function. Median time off therapy for the IAS-treated patients 
was 52 weeks. However, significant differences were reported in one study: de Leval and 
colleagues published that the estimated risk of 3-year progression in CAS patients was 
significantly higher than in the IAS group. This difference was highlighted in patients with a 
Gleason score >6, where the 3-year progression rates were significantly higher in CAS rather 
than in IAS patients (de Leval, et al., 2002). Large phase III clinical trials of intermittent vs 
continuous androgen deprivation in men with metastatic disease or recurrent disease after 
localized therapy were requested for more than 2 decades in order to obtain reliable data for 
the comparative impact of these therapies on quality of life and survival. 
Finally, the Intergroup randomized phase III trial, which compared IAS vs CAS to test for 
non-inferiority of IAS with respect to overall survival was presented in February 2011 
(Klotz, et al., 2011). Eligible men had rising PSA > 3.0 ng/ml >1 year post irradiation that 
was either initial or salvage for treatment of localized prostate cancer. IAS was delivered for 
8 months in each cycle with restart when PSA reached >10 ng/ml in the off-treatment phase. 
Primary endpoint was overall survival (OS); secondary endpoints included time to hormone 
refractory state, quality of live, duration of treatment/non-treatment intervals and time to 
recovery of testosterone and potency. 1,386 patients were randomized to IAS (690) or CAS 
(696) arms and median follow-up was 6.9 years. IAS patients completed a median of 2 x 8 
months cycles (range: 1-9). Median OS was 8.8 vs 9.1 years in IAS and CAS arms, 
respectively, with more disease-related (122 vs 97) in the IAS and fewer disease-unrelated 
(134 vs. 146) deaths in the CAS arm. Time to hormone resistance was statistically 
significantly improved in the IAS arm (HR 0.80, p = 0.024). Time to development of 
castration resistance was close to 10 years and in favour of IAS, but the trial design was 
biased towards IAS. In order to achieve castration resistance status, patients had to be 
being on treatment. Therefore, some patients who had a rising PSA off-treatment may in 
fact have had castration-resistant disease, but treatment had to be restarted and the PSA 
seen to continue to rise before this status could be defined. IAS patients had reduced 
occurrences of hot flashes, but there was no evidence of differences in adverse events, 
including myocardial problems or osteoporotic fractures. Thus, in men with PSA recurrence 
after irradiation IAS is non-inferior to CAS with respect to OS. IAS was suggested to be 
considered as the new standard of care for most patients with PSA recurrence after radical 
surgery. High-risk patients seem to be poor candidates for any type of androgen 
suppression. In summary, it can be concluded from the clinical trials that IAS is neither 
inferior nor superior to CAS, with respect to the end points, namely the time period until 
hormone-resistance as well as cancer-specific survival, but offers significant advantages in 
terms of adverse effects, quality of life and costs. Still, a number of important questions are 
remaining, regarding appropriate patient selection for therapy, optimum duration of 
therapy and exact scheduling of treatment reinstallation after the off-cycle. The off-
treatment periods particularly hold the possibility to apply drugs such as finasteride or 
chemotherapeutics, in order to delay disease progression (Locke & Bruchovsky, 2010). 
Moreover, the study has economic implications: patients in the IAS arm were on therapy 
only 27% of the time, reducing the cost of therapy significantly. 
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4. Side effects of androgen suppression therapy 
The well-known side effects of CAS like sexual dysfunction, hot flushes, fatigue, 
cardiovascular complications, osteoporosis, weight gain and anemia have significant 
implications for quality of life (Malone, et al., 2005; Freedland, et al., 2009; Galvão, et al. 2009). 
Since androgens are essential for the regulation of fat distribution, insulin sensitivity and 
lipid and bone metabolism, recent publications focussed on the concept that CAS may also 
be associated with an increase in overall and in particular cardiovascular morbidity and 
mortality (Corona, et al., 2011). A multivariate analysis by Saigal and colleagues evaluating 
over 22,000 men concluded that patients receiving CAS had a 20% higher risk of 
cardiovascular morbidity (Saigal, et al., 2007). CAS leads to increased incidence of 
osteoporosis and concomitant bone fractures (Kiratli, et al., 2001). Therefore, it was expected 
that off-treatment periods during IAS would allow for recovery of testosterone levels and 
cessation of bone material degradation. With regards to bone loss, a large, retrospective 
study evaluated more than 50,000 men with prostate cancer, showing increased occurrence 
of bone fracture in the CAS group (19.4% vs 12.6%). There was a significant relationship 
between the number of CAS doses and fracture risk (Shahinian, et al. 2005). In the elderly 
population of prostate cancer patients increased incidence of osteoporosis and resulting 
bone fractures are of major concern. Higano and colleagues  observed loss of bone mineral 
density during 9 months of androgen suppression significantly greater than the expected 
0.5%-1% annual loss in IAS; however, interruption of androgen suppression attenuated the 
rate of bone loss without full recovery (Higano, et al., 2004). 
In the study by Malone and colleagues, general loss of potency occurred during the 
treatment period, but was regained by half of the evaluable patients when therapy was 
withdrawn (Malone, et al., 2005). There was no significant overall change in body mass 
index at the end of the treatment periods. Osteoporosis was documented for at least one site 
evaluated in one third of the patients. Quality of life and sexual function seem to follow 
testosterone normalization (Mearini, et al., 2011). Phase II clinical trials demonstrated 
improved sexual function and quality of life in men undergoing IAS (Dawson, 2000). The 
average percentage of time spent off androgen deprivation ranges from 37%-58% and most 
men were responsive to retreatment with hormonal therapy. While IAS seems feasible and 
holds the potential to improve quality of life of the patients, the degree of reversal of the 
long-term side effects of androgen suppression still remains to be confirmed.  

4.1 Bone matrix turnover and androgen suppression therapy 
Our group examined the effect of IAS on bone metabolism by determinations of 
CrossLaps levels, a biochemical marker of collagen degradation in blood samples of 
prostate cancer patients. These measurements revealed that increased bone degradation, 
which was associated with the androgen suppression phases, was rapidly reversed during 
treatment cessation periods, in good agreement with the clinical observations of reduced 
loss of bone mineral density (BMD) in IAS (Theyer, et al., 2010). 140 patients have been 
recruited since 1993, with first patients reaching their seventh treatment cycle (Theyer & 
Hamilton, 1998). All patients with disseminated adenocarcinoma of the prostate fulfilling 
the inclusion criteria of a histologically confirmed tumor, stage ≥T2, not having received 
pretreatment by hormone ablation or chemotherapy and PSA >6 ng/ml were recruited for 
a nonrandomized open IAS trial consisting of an initial 8 months course of androgen 
suppression (goserelin acetate/Zoladex® and cyproterone acetate/ Androcur®), followed 
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by treatment cessation and resuming of the therapy upon increases of PSA >4 and >20 
ng/ml, respectively. Serum testosterone was measured using an ELISA assay (Biomar 
Diagnostics, Marburg, Germany) according to the manufacturer´s instructions. PSA was 
determined by the microparticulate enzyme immunoassay (MEIA, AxSYM PSA assay, 
Abbott, USA). CrossLaps ELISA was obtained from Nordic Bioscience Diagnostics, 
Herlev, Denmark, and used according to the manufacturer´s instructions (Rosenquist, et 
al., 1998). This assay is used for follow-up of anti-resorptive treatment of patients with 
metabolic bone diseases (Okabe, et al., 2004). 
Amino-terminal propeptide of type I procollagen (PINP)  and PSA were determined using 
the Elecsys 2010 Chemistry Analyzer (Roche Diagnostics, Vienna, Austria). All patients 
(n=75; mean age ±SD: 68±7 years, range: 53-84 years) exhibited progression of disease 
without metastases following radical prostatectomy and/or irradiation therapy. The lengths 
of the treatment cessation periods (mean ±SEM) for the respective off-treatment cycles (I–VI) 
in months were: 16±2 (n=75), 10±1 (n=31), 8±2 (n=18), 8±1 (n=12), 10±2 (n=8), 7±6 (n=2), 
respectively. The first treatment cessation period (PI) was significantly longer compared to 
the following breaks, which were not significantly different among each other. Individual 
time courses of testosterone and CrossLaps for a representative patient and four IAS cycles 
is depicted in figure 3A.  
CrossLaps are elevated during androgen suppression phases indicating bone matrix 
degradation and normalize during treatment cessation periods on a regular basis (Theyer, 
et al., 2010). After a prolonged time without androgen suppression, CrossLaps values 
exhibited a gradual increase, most likely due to regrowth of the tumor (data not shown; 
Nguyen-Pamart, et al., 1997). Time courses of PINP and PTH were compared with PSA 
during the same IAS cycles in further measurements (figure 3B). The results show that 
PINP is a suitable alternative parameter for the assessment of bone matrix turnover 
during androgen suppression phases that are accompanied by low PSA levels. The 
parallel course of blood PTH indicates a participation of this hormone in androgen 
suppression-induced bone loss. This finding corroborates reports of decreased loss of 
BMD in bone scans in prostate cancer patients under IAS therapy. Since pretreatment 
concentrations of CrossLaps were restored within several months of therapy cessation 
and mean duration of the off-treatment periods ranged from 8–16 months in our patients, 
this protective effect of IAS is expected to be effective for several treatment cycles (Theyer, 
et al., 2010). The bone matrix synthesis product PINP was used to assess bone turnover in 
metastatic prostate and breast cancer among other malignancies (Jung, et al., 2011; 
Koopmans, et al., 2007; Pollmann, et al., 2007). Studies in metastatic prostate cancer 
patients showed that both PINP and ICTP (carboxy-terminal telopeptide of type I 
collagen) were most indicative of predicting metastatic progression and skeletal 
complications, respectively. Although androgen deprivation has been associated with 
bone loss in patients with prostate cancer, its mechanism remains unclear. The growth 
hormone (GH)/insulin-like growth factor-1 (IGF-1)/parathyroid hormone (PTH) axis that 
plays a critical role in bone synthesis was investigated during CAS (Isahaya, et al., 2010). 
PTH is secreted by the chief cells of the parathyroid glands as a polypeptide containing 84 
amino acids and effects to increase the concentration of calcium in blood (Poole & Reeve, 
2005). The serum PTH level was reduced after CAS by approximately 25% compared with 
baseline levels, concomitant with increases of bone resorption markers like blood and 
urinary N-telopeptides (NTx), in good agreement with our measurements during 
androgen suppression in IAS cycles.  
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Fig. 3. (A) Individual time courses of testosterone and CrossLaps levels for a representative 
patient under IAS. Values cover androgen suppression phases (I–IV) and treatment cessation 
periods (I/P-IV/P). (B) Time courses of PSA, PINP and PTH are shown for the same patient. 

4.2 Anemia and intermittent androgen suppression 
Anemia was previously reported as a common side-effect of CAS. In an IAS study involving 
95 patients receiving 245 cycles the median duration of resting periods was 8 months and 
median time to treatment failure 47 months (Malone et al., 2005). Testosterone recovery 
during treatment cessation was observed in 60% of cycles with mild anemia, which was 
more frequently detected in successive cycles (33%, 44% and 67%). Thus, the observed 
anemia (hemoglobin level of < 30 g/l) was normochromic, normocytic, temporally related to 
the initiation of CAS and usually resolved after discontinuation of therapy in half of the 
cases. The improvement in hemoglobin during the off-treatment intervals probably 
contributes to improvements in the sense of well-being and vitality in these patients.  
We collected data regarding anemia in our prostate cancer patients and a typical course of 
erythrocyte count, hemoglobin content and hematocrit is shown in figure 4. The data show 
that small decreases and increases in erythrocyte parameters coincide with IAS phases and 
levels of PSA. Such determinations can be used to assess the extent of anemia and the 
impact of treatment cessations on erythropoiesis. 
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Fig. 4. (A) Time courses of testosterone and PSA, (B), hemoglobin and erythrocyte count and 
(C) and hematocrit  are shown for 3 cycles of IAS for a typical prostate cancer patient.  
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Fig. 4. (A) Time courses of testosterone and PSA, (B), hemoglobin and erythrocyte count and 
(C) and hematocrit  are shown for 3 cycles of IAS for a typical prostate cancer patient.  
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5. Conclusions 
In the past 25 years, IAS has developed from an unproven theoretical framework to a 
promising therapeutic option for subgroups of prostate cancer patients equal to CAS in 
respect to overall survival. Many questions in regard to the most suitable patient population 
and the optimal application of IAS remain to be investigated. With the exception of the 
frequency of hot flashes the improvement of other side effects of androgen suppression by 
intermittent therapy needs further careful assessment. This can be supported by 
determination of laboratory parameters of bone matrix turnover, blood chemistry and lipid 
profiles and correlation with the clinical characteristics. Last but not least, the reduced costs 
of intermittent therapy are expected to promote a more general application. 
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