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Preface

Notwithstanding the advances in the cancer research field, the related epidemiology data
remain dramatic and clearly point to an urge to optimize and innovate the therapeutic ap‐
proaches to fight cancer. Indeed, the elucidation of important aspects of cancer biology and
human tumorigenesis has progressively enabled oncologists to provide more accurate can‐
cer diagnosis, thus, guiding more efficiently the treatment of multiple cancer types and sub‐
types. Nonetheless, cancer treatment still challenges researchers and clinicians, as proven by
the still impressive and increasing number of worldwide cancer-related deaths, caused ei‐
ther by late diagnosis of the disease, surgical limitations or radio/chemoresistance. Adding
complexity to the inter-individual variables, cancer comprises multiple diseases harboring
diverse genetic and epigenetic signatures, the types and subtypes of which respond differ‐
ently to treatment and are associated with distinct clinical outcomes. Updates on Cancer Treat‐
ment is an attempt to integrate into a book volume various aspects of cancer treatment,
compiling comprehensive reviews written by an international team of experts in the field.

Leticia B. A. Rangel, Pharm.D., Ph.D.
and Ian Victor Silva

Federal University of Espirito Santo
Espirito Santo, Brazil





Chapter 1

Focal High Intensity Focused
Ultrasound for Prostate Cancer

Fouad Aoun, Marc Zanaty, Alexandre Peltier and
Roland van Velthoven

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60267

1. Introduction

Conventional treatment options for organ confined prostate cancer range from active surveil‐
lance to whole gland radical therapy. Active surveillance has the distinct advantage of
avoiding over treatment and treatment related morbidity but carries the risk of silent progres‐
sion of prostate cancer in up to 35 % of cases [1]. It may also induce no treatment related
significant anxiety and uncertainty [2]. Radical therapy has the advantage of improving the
overall and cancer specific survival in appropriately selected patients [3-4] but bears significant
risk of treatment related functional complications that detrimentally affect quality of life [5-6].
Therefore, counseling patients for appropriate, individual treatment strategy remains chal‐
lenging even for experienced physicians.

Consequently, focal therapy has emerged as an alternative option to standard therapies. The
goal of this tissue preserving strategy as defined by the International Task Force on Prostate
Cancer and the Focal Lesion Paradigm would be to ‘selectively ablate(s) known disease and
preserve(s) existing functions, with the overall objective of minimizing lifetime morbidity
without compromising life expectancy [7]. A number of focal therapy energies and modalities
have commonly been used [8]. Among these therapies, High Intensity Focused Ultrasound
(HIFU) emerged as a valid mini invasive therapy for localised prostate cancer, using focused
ultrasound to generate areas of intense heat to induce tissue necrosis. This energy delivery
system originally used to treat the whole prostate is used nowadays to treat a part of the gland.
Many case series have reported encouraging short term functional and oncological results of
men with prostate cancer treated primarily in a focal manner [8-19]. Recently, we have
published the first mid-term report (median follow up of 38 months) of focal HIFU for a
clinically unilateral prostate cancer.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



2. Basic physics of waves and ultrasound

To understand the basic principle of high intensity focused ultrasound as an ablative treatment
modality for prostate cancer, the main properties of sound waves should be known and are
summarized in figure 1 and 2.

Figure 1. Physical parameters of sound physics

Sound is defined as a mechanical disturbance from a state of equilibrium that propagates
through an elastic material medium in the form of vibrating waves. These vibrating waves
transport energy from its source to another area as long as a medium is present. The energy
transported by sound is known as acoustic energy or sonic energy. Sonic intensity (SI), defined
as a time-average rate of sonic energy-flow through a unit area (SI unit: W/cm2), is proportional
to sonic pressure square and has a positive correlation with the power and energy of sound.
This implies that the amount of energy accumulating at a target area is larger when the sonic
pressure or intensity increases. The latter parameter varies with space and time, and it is
usually expressed as peak or average intensity, and both quantities can refer to either a spatial
or temporal dimension (e.g. ISP = spatial peak intensity, ISATA = spatial average, temporal
average intensity). The frequency of a wave is derived from the amount of cycles per unit of
time. Ultrasound (US) is a form of sound that has a frequency higher than the frequency
detected by human ear (> 20.000 Hz vs. 20-20.000 Hz). HIFU therapy utilizes high intensity US
waves that are propagated through human tissues. In contrast to other ablative therapies, HIFU
therapy operates without the need of an electrode or antenna to deliver its waves. However,
the main challenge of such a technique is focusing energy-accumulation at the target area to
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induce significant biological reactions without causing harm to the intervening and surround‐
ing tissues. Recently, a phased array US transducer technique was adopted for focal HIFU
treatment. It sends temporally different sets of electronic signals to each specific transducer
component, thus enabling beam-steering and focusing, which can move a focal spot in virtually
any direction within physically allowed ranges. This system is not only more versatile than
other systems but also highly efficient without any sonic attenuation [20].

3. Biological interactions of US

Since the mid 1950, US have been extensively used for diagnostic procedures without any
detrimental effect on the human body [21]. However, it must be noted that US waves used for
therapeutic purposes could be potentially dangerous. In fact, it carries energy that causes
biological reactions in various ways. The most important are the thermal (hyperthermia) and
non thermal (acoustic cavitation) effects [22-23]. The thermal effect is tissue heating and protein
denaturation can occur at a temperature of 56°C [24-25]. Protein denaturation contributes to a
subsequent coagulation necrosis (thermal ablation). The effect is a function of the wave
amplitude and pulse frequency. Acoustic cavitation is defined by the creation and develop‐
ment of bubbles or cavities. The violent oscillation and collapse in US fields of these bubbles
cause a significant degree of mechanical and thermal effects. Mechanical and cavitation tissue
effects are caused by high amplitudes and ultra-short pulse wave, with amplitude reaching
100 Mpa and a pulse of 1-2 ms. Moderate pressure amplitude of 10 Mpa and continuous wave
of 1 s are the cause of thermal effects. Short ultrasound pulses and low amplitude up to 1 Mpa

Figure 2. HIFU uses high energy US waves generated from numerous sources and focuses them to a small spot.
Acoustic pressure is rapidly elevated near focus where tissue temperatures are also raised to level that is sufficient for
coagulation necrosis

Focal High Intensity Focused Ultrasound for Prostate Cancer
http://dx.doi.org/10.5772/60267
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causes no significant heating, but cavitation caused by this type of waves are used in some
circumstances like enhancing a drug delivery or the transient opening of the blood-brain
barrier [22].

4. Mechanisms of action of high intensity focused ultrasound

The technique is based on the generation of focused ultrasound field. The focused ultrasound
field is generated by a piezoelectric transducer with a center frequency of 1 to 7 MHz. The field
is coupled into the body and aimed into a target region. Ultrasound waves are absorbed by
tissues throughout their propagation and the acoustic energy will be converted to heat with a
high energy density inside the focal zone [22]. The result is a temperature rise in the target
zone within seconds to a level exceeding the threshold level of protein denaturation which is
around 60 degrees. The result will be protein coagulation and coagulative necrosis [22-24]. In
contrast there is a low acoustic energy density in the surrounding structures which keep them
spared. This will create elliptical small volume lesions of 50-300 mm3. Larger volume can be
ablated without gaps by combining single lesions.

Between sonication a pause is necessary to prevent boiling and bubbles formations which can
reflects and distort the ultrasound field and the consequence is unpredictable lesion growth
and lesion formation in unwanted areas. So to ablate a large solid tumor it can take several
hours. Thus HIFU is a very time consuming procedure [22]. HIFU has the advantage over other
thermal ablative techniques of being a mini-invasive and non-ionizing with no long-term
cumulative effects which means that it could be safely repeated. Further more it is interesting
non invasive surgical tool because it can cause cell death in a tissue that is distant from the
source of US [23].

5. Clinical devices in use

There are two main types of transducers used for HIFU. In general HIFU needs a high power
ultrasound transducer. Such kind of transducers is made of low loss piezoceramic materials
or piezocomposites working in resonant mode. The two major types are the self- focusing
spherical shaped piezoceramic transducers with fixed aperture and fixed focal length which
is the simplest, and the phased array transducers made up of a large number of separate
transducer elements. Thereby each element is driven by a separate electric radio frequency
signal with an individual phase, frequency and amplitude. The advantages of phased arrays
are the possibility for an adaptive selection of elements, the fast electronic beam steering and
the beam forming capability. Such transducers are much more expensive and the number of
elements in such transducers can reach thousands in some special cases [22].

On the other hands we can divide the transducers into extracorporeal used for the treatment
of cutaneous and abdominal tumors, transrectal as those used for the prostate, and interstitial
and endoscopic ones used for the treatment of biliary or esophageal lesions [24].

Updates on Cancer Treatment4
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6. Guiding/monitoring of therapy

Therapy guidance is the key for a safe and effective HIFU. Guidance is accomplished mainly
with two imaging methods which are US and MRI. Imaging techniques are used with HIFU
therapy not only for therapeutic guidance but it allows also therapy planning and targeting,
monitoring, controlling and assessing the treatment response and follow-up [22].

6.1. Ultrasound monitoring

This is the case of most today’s HIFU treatment. In general the divergent field of the diagnostic
transducer and the field of therapeutic source are superposed and arranged in parallel so that
the diagnostic imager provides the beam view. This eases the positioning of the therapeutic
source and the identification of organ at risk [22]. Real-time visualization of the targeted
volume is feasible with decoupling of US image and focused US.

US are able to detect cloud of gas bubbles that are formed as results of cavitation and tissue
heating. The detection of bubble could be an indication for the position of the thermal focus,
but this cannot be used to assess and control lesion formation.

US are not able to perform temperature mapping. Some try to use some parameters such as
speed of sound, or attenuation or reflection coefficient as indicators for temperature variations,
but with modest success.

The major advantages of US are, first they share same physical mechanism so a good assess‐
ment of the beam pass is possible. Then it allows the use of conventional materials for the
therapy unit so that the diagnostic US transducer can be easily integrated in the therapeutic
source that allows for a small and flexible devices with lower prices [22].

6.2. MR-monitoring

The advantages of MRI over US are the capacity of giving a morphological image for planning,
targeting and thermal monitoring. It can also assess the shape and size of the induced tissue
lesion at the end of therapy. Contrast enhanced T1 imaging are employed. The induced lesions
prove hypointense reflecting the loss of perfusion. Major disadvantage is the need for an MR
compatible HIFU therapy unit and the cost of the MR scanner. Limitations are the confined
space for patient access and the need of a complex and expensive technology [22].

6.3. MR thermometry

A different method exists to measure the temperature related changes with the MR. Mainly
four methods have been described: T1, diffusion, proton density, and proton resonance
frequency shift. The most frequently used method is the proton resonance frequency shift
(PRFS). The proton resonance frequency shift can be measured directly or by phase mapping
which consists of observing the phase shift induced by temperature change. Phase mapping
is easier to do than direct assessment. Therefore phase mapping is the most common approach
used for temperature mapping [22].

Focal High Intensity Focused Ultrasound for Prostate Cancer
http://dx.doi.org/10.5772/60267
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7. HIFU Therapy for prostate cancer: Its role in focal therapy

HIFU for the treatment of localized prostate cancer was developed in 1990. Nowadays there
are two available devices for the treatment of prostate cancer: the Ablatherm™ (EDAP TMS
S.A., Vaulx-en-Velin, France) and the Sonablate™ (Focus Surgery, Inc, Indianapolis, Indiana,
USA) [26].

Both of them have a simultaneous imaging technique coupled to the treatment device. They
differ by patient positioning and the degree of manual control of power. Currently, the
technique is used among many cancer centers despite the fact that available guidelines do not
recommend it for the treatment of localized prostate cancer. In 2010, the Cancer Care Ontario
group excluded HIFU from its recommendations due to lack of randomized controlled clinical
trials and short follow up [27]. The NICE guidelines in 2012 considered HIFU as an experi‐
mental technique with further studies needed in order to conclude [28]. In 2014, the FDA bans
the use of HIFU for whole-gland primary treatment of clinically localized prostate cancer. At
present, high quality evidence on efficacy and safety of HIFU is based on uncontrolled case
series with a significant overlap of patients among series. There are no direct comparisons with
active surveillance or whole gland radical therapies. Furthermore, the technique is not
standardized and patient selection is not unanimous. The ideal candidate is defined as a patient
aged > 70 years of age, with clinical stage T1-T2 N0M0, a Gleason score<7, a PSA level <15 ng/
ml and a prostate volume of <40 ml, in particular if the patient is unsuitable for or refuse radical
therapy [26]. A prostate volume of >40 ml and the presence of large calcifications are a
contraindications for HIFU. In such cases where the volume exceed 40 ml a TURP or a
cytoreductive androgen deprivation therapy or a 5 alpha reductase inhibitor before HIFU is
recommended to reduce the volume of the prostate. The number of HIFU treatment per patient
varies between one and five. The median follow up time is short with the longest series
reporting data after a median follow up of 94 months [29].

HIFU could be used as a primary treatment or as a salvage therapy in recurrent prostate cancer
after radiotherapy failure. The field could involve a whole gland ablation or a more focal therapy.
For technical considerations, Hemiablation HIFU of an entire lobe delivered with intention to
treat is currently used for focal therapy. The technique was demonstrated to be feasible and
functional and disease control outcomes were encouraging at 3 years of follow up.

8. The principle rationale of tissue preservation is harm reduction and
functional preservation

Adverse events affecting the urinary tract are reported in 2-58% of whole gland HIFU therapy
in the literature. Rectal toxicities ranged from 0 to 15%. Erectile dysfunction is reported in 0 to
39% of cases [30]. Toxicity rates are believed to be lower after focal therapy. In our case series,
31 consecutive patients with unilateral organ confined prostate cancer were primarily treated
by hemiablation HIFU. Early self-resolving LUTS were the most common complications and
no rectal toxicities were reported. The strategy was well tolerated in the genitourinary
functional domains: all patients were pad free continent despite a high number of apical lesions

Updates on Cancer Treatment6
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(n=12) and only 25% of men in our cohort of relatively elderly patients (average age 71 years)
who were potent preoperatively reported having ED post hemiablation. The procedure could
possibly be delivered in an ambulatory care setting [19].

9. Monitoring of patients after focal HIFU

In the literature, there is no consensus on whether cancer control in focal therapy should be
considered the absence of any cancer or the absence of clinically significant cancer and whether
this should be limited to the treated or untreated area. In addition there is no standard follow
up protocol for the assessment of clinical failure. In our opinion, histologic confirmation of
complete ablation within the treated area appears to be essential in focal therapy. That’s why
any positive biopsy in the treated lobe independently of the percentage of core involvement
should be considered a clinical failure. In contrast, controlateral positive biopsy should not be
considered as a clinical failure but as a technical limitation. As a surrogate, although PSA
testing is accepted as a valid outcome in standard therapy, there are no validated biochemical
measures in tissue preservation. Furthermore, PSA values are difficult to interpret in the follow
up because many factors influence post treatment values (the proportion of initial PSA that
was due to tumor, amount of residual prostate tissue, progression of BPH, TURP...). Definitions
that are currently used and validated for biochemical failure in whole gland radiation therapy
(ASTRO, Phoenix, Stuttgart...) are used, without any evidence or validation, in whole gland
HIFU and focal therapy [31]. Phoenix criteria should not be considered as response criteria to
define failure but as a threshold to offer biopsy. We believe that a specific PSA based definition
is unlikely to be derived and multiparametric MRI will play a major role in the future in the
definition of failure if it is validated against histology outcomes.

10. Oncologic outcomes

Following whole gland ablation therapy, negative biopsy rates at 3 month of 51-96% and
64-87% with Ablatherm and Sonablate respectively were reported [32-36]. Overall survival
rates and prostate cancer specific survival rates were 90% and 100% at 5 years and 83% and
98% at 8 years, respectively. The actuarial biochemical failure–free survival rates at 5 and 7
years were 77% and 69%, respectively. The actuarial disease–free survival rate at 5 and 7 years
were 66% and 59%, respectively [32-36]. Biochemical success or failure rate was stratified
against risk category according to the D’Amico classification in the majority of reports and was
uniformly more favourable for the low and intermediate risk category compared to the high
risk category. Some authors have argued that HIFU is a coagulative technology that unlike
radiation therapy results in complete cell destruction independently of Gleason score.
However, high grade tumours in prostate cancer are associated with increased neoangiogen‐
esis responsible of a heat sink phenomenon that is tissue cooling by blood flow that causes
thermal loss. The tissue under ablation in high grade tumour may be inadequately ablated and
is a high risk site for persistent residual progressive disease and metastatic spread. Following
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focal therapy, we demonstrated a biochemical recurrence free survival of 100%, 89%, 82.7% at
1, 2 and 3 years respectively, with an overall and cancer specific survival of 100% [19].

11. Limitations and Future perspectives

As any other interventional technique, there are some limitations for HIFU that must be
mentioned. First, there are factors to take into account such as collateral damage to the tissues
and the fact that the technique is operator dependent [37]. Second, the lack of comparative
trials precludes any conclusion regarding the added value of HIFU treatment compared to
active surveillance or radical therapies. Urological societies recommend using focal HIFU in
controlled trials in order to provide the needed answers. In the future, the use of focal HIFU
will not be limited to prostate cancer but will widespread to other applications. The two most
interested research topics are focused ultrasound mediated targeted drug delivery and the
transient and reversal opening of the blood-brain barrier
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Chapter 2

Kinase Inhibitors — Targeted Personalized Cancer
Therapy

Wade A. Russu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60417

1. Introduction

Cancer arises when a group of cells of a specific tissue type acquires genetic alterations which
allow them to grow in an uncontrolled manner eventually invading surrounding tissue
and/or traveling to other sites in the body disrupting the normal bodily functions and can
result in death. Often the type of acquired genetic alteration in the cancer cell is one which
causes the over or under production of a protein important to the regulation of cell growth, or
the production of a mutant form of such a protein that is overactive or less active (or not active)
or that has a different function than the normal form of the protein. This alteration in expression
pattern or altered function contributes to the cancerous state.

The science and art of molecular biology applied to tumor cell lines has provided much
information about how mutations contribute to the development of cancers. One group of
proteins that are often mutated in cancers are receptor tyrosine kinases. These proteins sit on
the cell surface and bind to molecules such as growth factors and result in the growth,
maintenance and multiplication of cells. When an activating mutation occurs in a receptor
tyrosine kinase the growth factor signal is no longer needed and the cell grows and multiplies
uncontrollably, contributing to a cancerous state. While mutations in receptor tyrosine kinases
has garnered much attention, and many drugs have been developed targeting them, these
kinases are by no means the only relevant kinase family to cancer.

In the past decade there has been rapid growth in the number of FDA approved cancer drugs
within the class known as kinase inhibitors. Some kinase inhibitors have become first line
targeted therapy for certain tumor types. For example, imatinib (Gleevec) is used effectively
to treat Philadelphia chromosome positive (Ph+) chronic myeloid leukemia (CML). The
Philadelphia chromosome encodes the mutant BCR-Abl kinase, an oncogenic driver for CML.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



Unfortunately, resistance to kinase inhibitors can develop through up-regulation of the target
kinase, or mutation of the target kinase resulting in decreased drug binding.

In the most ideal sense of targeted therapy for cancer, kinase inhibitors have the potential to
fulfill the goal of personalized cancer therapy. Studies have shown kinase inhibitors targeting
specific kinases that drive a proportion of patients’ tumors can provide better outcomes for
those patients. Combine this outcome with the possibility of mutant selective kinase inhibitors
which may leave tissue that expresses wild-type kinase largely unaffected and provide a
potentially better safety profile.

2. Kinase structure and function

Protein kinase function was first observed in 1954 by Burnett and Kennedy who discovered
an enzyme that phosphorylates casein [1]. Protein kinases are a group of protein enzymes that
phosphorylate protein and other targets in the cell in order to modulate these target proteins’
function. Protein kinases are often target proteins themselves. Protein kinases catalyze the
transfer of a phosphate group from adenosine triphosphate (ATP) to amino acid sidechains
that bear a hydroxyl group on target proteins, namely serine, threonine, and tyrosine. The
phosphorylation of one of these amino acid sidechains can drastically change the local
physicochemical environment as the relatively small polar unionized hydroxyl group is
transformed into the relatively large polar ionized phosphate group. This change in the local
environment can initiate a conformational change in the newly phosphorylated target protein,
in an attempt to find a new low energy conformation, which may modulate the function of the
target protein. The phosphorylation event may serve to activate or inhibit target protein
enzyme function, or simply modify the target proteins’ surface to modulate protein/protein
interactions. For example, Src homology 2 (SH2) domain containing proteins recognize certain
phospho-tyrosine sequences within protein targets which enable them to perform their
adaptor or scaffolding function [2].

Figure 1. The EGFR kinase domain with color coded structural elements. Cyan; N-terminal lobe. Red; C-terminal lobe.
Blue; P-loop. Magenta; hinge. Green; activation loop. Orange; catalytic loop.
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Protein kinases are classified into groups based on sequence similarity [3]. The AGC group is
named for protein kinases A, G and C. The CaM group is named for calcium/calmodulin-
dependent kinases. The CK1 group is named for casein kinase 1. The CMGC group is named
for cyclin dependent, mitogen-activated, glycogen synthase, and CDK-like kinases. The STE
group is named for sterile phenotype kinase. The TK group is named for tyrosine kinases, and
the TKL group is named for tyrosine kinase-like kinases. The groups are further broken down
to individual protein kinase families and these families may be further broken down to sub-
families. For example, within the TK group is the family called epidermal growth factor
receptor (EGFR) tyrosine kinase. The EGFR family includes members EGFR (Her1/ErbB1),
Her2/ErbB2, Her3/ErbB3 and Her4/ErbB4. These family members have a high degree of
sequence similarity and function.

All protein kinases have a somewhat homologous kinase domain that adopts a common
tertiary structure [4]. Figure 1 represents the epidermal growth factor receptor (EGFR) kinase
domain and will serve to identify the various secondary structural elements of kinase domain
structure and function. Starting from the N-terminus, the basic structural elements of a kinase
domain include an N-terminal lobe, composed mostly of beta-sheet structure, and a C-terminal
lobe, composed mostly of alpha-helix structure. The two lobes are connected by a hinge region.
Of particular interest are the conserved mobile elements of the kinase domain which contribute
to kinase function.

Figure 2. EGFR kinase domain (ribbon) in the active conformation bound to an ATP analog (stick). The active confor‐
mation is characterized by alignment of key amino acid sidechains that form a hydrophobic spine (surface representa‐
tion).

Conformational mobility is essential for kinase function. A number of flexible loop regions are
important for the ability to interconvert between active and inactive conformations. These loop
regions include the activation loop (A-loop), catalytic loop, nucleotide binding loop (P-loop),
and the hinge region. The P-loop is a long loop that joins two anti-parallel beta-strands that
are a part of the N-terminal lobe beta-sheet structure of the kinase domain. This loop typically
contains a number of glycine residues that are able to access a large range of phi and psi angles
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and enable considerable conformational flexibility. In the inactive conformation the P-loop
may be largely disordered. In the active kinase conformation the P-loop may resemble more
of a classic beta-turn and is able to interact with the triphosphate group of bound ATP. The A-
loop includes one or more tyrosine residues that when phosphorylated induce the conversion
from the inactive to the active kinase conformation. The A-loop is long, containing around 27
amino acid residues that may fold into a number of isolated single turn helices. The A-loop
has a conserved DFG sequence, where in the non-phosphorylated inactive kinase conforma‐
tion the phenylalanine sidechain is oriented toward the triphosphate binding area of the ATP
binding site, the so called DFG-out conformation. In the phosphorylated active kinase
conformation, the DFG phenylalanine sidechain is oriented toward the interior of the protein,
the so-called DFG-in conformation [5-7]. While the DFG orientation related to active and
inactive kinase conformations is clear in some cases it is not clear in others, and is not as general
in differentiating active and inactive conformations as first thought. It has subsequently been
found through surface comparison of x-ray derived crystal structures of both active and
inactive forms of specific kinases, that the assembly of a hydrophobic spine through sidechain
interaction of discontiguous amino acids within the N-lobe, C-lobe and activation loop regions
offers a better structural definition of kinase activation for all kinase families [8]. Figure 2
demonstrates the hydrophobic spine assembly of a representative kinase. Both active and
inactive kinase conformations are able to bind ATP. However, only the active kinase confor‐
mation can perform the kinase function on substrates.

Protein kinases are important to many biological processes, as is evidenced by the more than
500 kinases encoded in the human genome. Kinases are involved in processes ranging from
modulation of intracellular trafficking of proteins, to assembly of complicated multiprotein
complexes, to gene expression. Kinase modulation of gene expression through signal trans‐
duction is of particular interest for cancer therapy.

The underlying cause of cancer is genomic instability. The emergence of a tumor cell typically
requires multiple mutations in the genome that both activate oncogenes and inactivate tumor
suppressor genes. These mutations synergize to transform a cell to a state of uncontrolled
growth, proliferation, and enhanced survival. Mutations and/or epigenetic alterations that
increase expression of, or produce constitutive active forms of some kinase proteins are known
to drive the proliferation and/or survival of some tumors [9]. The types of kinases that are often
mutated in tumor cells, although not exclusively, are found in signal transduction pathways.
These pathways are kinase cascades that transmit extracellular signals to the nucleus and
ultimately affect gene expression patterns. When a kinase in such a pathway is mutated where
it is constitutively active, the extracellular signal is no longer needed and the pathway is always
active and not regulated. Alternatively, epigenetic alterations or an increase in copy number
of a protein kinase gene may cause overexpression of the kinase to increase activation of a
signaling pathway. For example, a significant portion of non-small cell lung cancers (NSCLC)
over express or have EGFR mutations. This causes over active signaling through one or more
of the Ras/Raf/ERK, PI3K/AKT/mTOR, and STAT pathways that lead to increased growth,
proliferation, motility and survival of the tumor cells.
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The KIT receptor tyrosine kinase, or stem cell factor receptor, is a good example for represent‐
ing the different types of mutations that occur in kinases that contribute to the development
of cancer. KIT possesses an extracellular domain, a juxtamembrane domain, and a kinase
domain. Point mutations have been observed to occur in all domains of KIT [10]. The most
common mutations occur in the juxtamembrane domain followed by the extracellular domain,
and finally the kinase domain. Within the kinase domain mutations occur within the ATP
binding site and the activation loop. Multiple muatations may occur within a tumor cell. All
of these mutations produce constitutive active KIT. For example, juxtamembrane mutations
result in the disruption of the autoinhibited form of the kinase, which results in a similar
conformation to the phosphorylated activated kinase [11] Additionally, a KIT isoform with a
GNNK insert in the extracellular domain has been identified that, once phosphorylated
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the gene promoter region.
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the BCR-Abl protein, represent driver mutations that have lead to the successful translation
of experimental protein kinase inhibitors into the clinic for therapeutic treatment of cancer
patients.

3. Kinase inhibitors

The natural product staurosporin was one the first small molecules discovered that inhibits
the function of protein kinases [14]. Staurosporin is a non-selective inhibitor and is not
amenable to development as a drug. However, one staurosporin-like molecule, midostaurine
is in clinical development for oncology indications such as indolent systemic mastocytosis [15].

Imatinib, the first marketed kinase inhibitor for treatment of cancer, was discovered by scientist
at Ciba-Geigy in the 1990s. It was determined that imatinib inhibited the function of the BCR-
Abl fusion kinase that drives chronic myeloid leukemia [16]. Since this time (and perhaps
before) the primary rational approach to design of kinase inhibitors has been to target the ATP
binding site. The first experimentally determined structure of a small molecule bound to the
ATP binding site of a kinase appeared in the year 2000 [17]. This structure was groundbreaking,
in that it showed imatinib to be buried deeply in the ATP binding site of the kinase thus locking
it in an inactive conformation. This structure provided data that could be used for a structure
based design approach of future kinase inhibitors. The structure revealed a pose of imatinib
in the ATP binding site that is today designated the type II binding mode.

Clinically used ATP site binding direct kinase inhibitors fall within two categories that describe
their binding modes. Type I inhibitors may bind both active and inactive conformations of a
particular kinase target. Type II kinase inhibitors bind only inactive conformations of a kinase.
Both type I and II inhibitors bind in the ATP binding site and make use of hydrogen bonds to
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the amide backbone of hinge region amino acid residues. The difference between type I and
II inhibitors is that type II inhibitors typically penetrate deeper into the pocket accessing what
is termed an allosteric binding site, the effect of which is to displace the C-helix and locking
the kinase in an inactive conformation. Knowledge of binding geometries has been applied to
kinase inhibitor design projects.

The majority of kinase inhibitor design projects have focused on ATP competitive inhibi‐
tors  targeting the ATP binding site.  The popularity  of  such programs have spurred the
growth of  contract  research screening services  that  screen potential  inhibitors  in  a  high
throughput format for binding to the ATP binding site and/or inhibition of target kinase
function  [18].  Design  programs  may  be  conducted  in  a  variety  of  manners  from  high
throughput  screening of  compound libraries  to  fragment  based and/or  structure  guided
design. One approach is to start from known privileged fragments or templates - chemi‐
cal moieties that appear in numerous kinase inhibitors - such as the quinazoline ring system
[19]. The quinazoline ring system appears in many experimental kinase inhibitors, clinical
candidates (tandutinib), and kinase inhibitor drugs such as afatinib, vandetinib, lapatinib,
erlotinib and gefitinib (see Table 1).

Figure 3. Kinase hinge peptide backbone (A) hydrogen bonding pattern to ATP heterocycle (B) and other heterocycles
found in drug molecules. (C) quinazoline, e.g. erlotinib. (D) pyridine, e.g. imatinib. (E) pyrrolopyridine, e.g. vemurafe‐
nib. Dashed lines represent hydrogen bonds.

It appears that a unifying characteristic of kinase inhibitors that bind to the ATP binding site
is a heterocyclic moiety that serves as a mimic of the adenine ring system and forms Van der
Waals contacts with hydrophobic groups of the floor and ceiling of the ATP binding site as
well as one or more hydrogen bonds with the amide backbone of hinge region amino acid
residues. Figure 3 describes how ATP and some heterocycles found in kinase inhibitors form
their hydrogen bonding patterns to the hinge region. Because the ATP binding site is conserved
among kinases, kinase inhibitors tend to be promiscuous and inhibit numerous kinases other
than their primary target. How the final kinase inhibitor is adorned about its hinge binding
moiety contributes to its overall shape and possible intermolecular interactions, ultimately
determines its degree of selectivity for its intended target.

Another unifying theme of kinase inhibitors is that their binding to their kinase targets
displaces the alignment of the hydrophobic spine that is formed by kinase activation [8].
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Besides the occupation of the ATP binding site by the kinase inhibitor, disallowing binding
and use of ATP, the kinase inhibitor disrupts the formation of the hydrophobic spine necessary
for attainment of the active conformation (Figure 4). This observation leads to the inevitable
question of whether inhibitors, that disrupt the hydrophobic spine, but do not bind to the ATP
binding site, may be developed.

Considering the mountain of published research and plethora of X-ray diffraction and NMR
derived structures of kinase inhibitors bound to their target kinases, the design of kinase
inhibitors is fairly well understood. The remaining challenges for drug designers, in the area
of kinase inhibitors, are concerned with selectivity. Selectivity is a potential problem for kinase
inhibitors, thus far, because most target the highly conserved ATP binding site. Targeting a
single family of kinases, let alone a single member of a family, is difficult because of the inherent
promiscuity of this drug class. An even more difficult challenge is targeting a cancer relevant
mutant kinase selectively with respect to the wild type kinase. The selective targeting of a
mutant kinase that drives the proliferation and survival of a patients’ tumor has great promise
not only in potential survival benefit but also reduction in drug side effects.

Figure 4. EGFR kinase domain (ribbon) bound to kinase inhibitor lapatinib (stick). Note that the amino acid sidechains
that form the hydrophobic spine (surface) are bowed out of alignment.

Common side effects caused by kinase inhibitors include rash, fatigue, and gastrointestinal
disturbances such as nausea, vomiting, diarrhea, or constipation. For example, patients
receiving therapy with EGFR inhibitors may experience severe acneiform eruption and
diarrhea which may be dose limiting [20]. Additionally, the EGFR inhibitor gefitinib has been
associated with interstitial lung disease, especially in patients with underlying pulmonary
diseases [21]. The more promiscuous kinase inhibitors such as sunitinib and sorafenib exhibit
some cardiotoxicites such as hypertension, LVEF and QT prolongation [22]. Additional less
severe side-effects may be experienced by patients receiving kinase inhibitors such as hair
depigmentation which accompanies KIT inhibitors [23]. Even though kinase inhibitors are
considered targeted therapy the patient will experience side effects that can be associated with
the mechanism of action, off target effects and intrinsic chemical effects. Almost as common
as side effects are associated with anticancer drugs so is tumor resistance. And just as other
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anticancer drugs may encounter tumor resistance, a kinase inhibitor may also encounter
resistance either acquired or intrinsic.

Tumor resistance to anticancer drugs can be a challenging battle even though a lot has been
learned about the mechanisms that allow tumor cells to escape the chemical assault. One major
mechanism of tumor resistance to kinase inhibitors is mutant forms of the target kinase, either
preexisting or acquired during or after treatment, that reduce the kinase inhibitors binding
affinity. Early clinical experience with imatinib identified patients that developed resistance
after an initial response to the drug due to mutation of the ACR-Abl kinase that prevented
imatinib binding [24, 25]. Experience with KIT inhibitors has revealed drug resistant mutations
in this kinase [10]. Pharmacokinetic mediated tumor resistance to kinase inhibitors include,
polymorphisms in drug metabolizing enzymes and transporters. For example, CML patients
with low human organic cation transporter-1 (hOCT1) activity have suboptimal response to
imatinib but not to nilotinib [26, 27]. Other mechanisms of tumor resistance to kinase inhibitors
may include unique features of the tumors microenvironment and activation of alternative
signaling pathways. For a more comprehensive discussion of tumor resistance to kinase
inhibitors the reader is directed to the references [28, 29].

Since the year 2001 there have been no less than 24 small molecule, ATP site binding kinase
inhibitors approved by the USFDA for oncology indications (Table 1). As the concept of
oncogene addiction is explored more and a better understanding of the role of kinases in
oncology is realized, the class of kinase drugs may be ideally situated to have a profound effect
on personalized cancer medicine.

Structure Generic Name Target(s) Indication(s)

afatinib EGFR NSCLC

axitinib VEGFR 1/2/3 RCC

bosutinib
BCR-Abl, Hck, Lyn,

Src
CML
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Structure Generic Name Target(s) Indication(s)

cabozantinib
RET, MET, VEGFR
1/2/3, KIT, TRKB,
Flt-3, AXL, TIE-2

MTC

ceritinib
ALK, IGF-1R, InsR,

ROS1
ALK-positive NSCLC

crizotinib ALK, c-Met, ROS ALK-positive NSCLC

dabrafenib B-RAF melanoma

dasitinib
BCR-Abl, SRC, LYN,

YES, FYN, KIT,
EPHA2, PDGFRb

CML

erlotinib EGFR
NSCLC, pancreatic

cancer

gefitinib EGFR NSCLC
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Structure Generic Name Target(s) Indication(s)

ibrutinib BTK
CLL, mantle cell

lymphoma

imatinib
BCR-Abl, PDGFR,

KIT
CML, ALL, GIST,

ASM

lapatinib EGFR, ERBB2 Breast cancer

nilotinib BCR-Abl, PDGFR CML

nintedanib
VEGFR, FGFR,

PDGFR
IPF

pazopanib
VEGFR, PDGFR,

FGFR, KIT, Lck, FMS,
ITK

RCC, soft tissue
sarcomas

ponatinib
BCR-Abl, VEGFR,

PDGFR, Src, KIT, Flt3,
RET, Tie2

CML, Ph+ All

regorafenib
VEGFR, BCR-Abl, B-
Raf, PDGFR, FGFR,

Tie2
CRC

ruxolitinib JAK myelofibrosis

sorafenib Multi-kinase inhibitor RCC, DTC
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Structure Generic Name Target(s) Indication(s)

sunitinib Multi-kinase inhibitor
RCC, GIST, pancrease

cancer, neuro-
endocrine tumors

trametinib MEK melanoma

vandetanib
EGFR, VEGFR, RET,

Brk, Src, Tie2
MTC

vemurafenib Raf kinases melanoma

Table 1. USDA approved kinase inhibitors for oncology indication.

4. Personalized medicine and kinase inhibitors

The basic concept of personalized cancer medicine is to match the patient with an appropriate
therapeutic regimen that will provide the best outcome [30]. This can be accomplished on a
variety of different levels. With regard to a pharmacological approach, the traditional way
patients are assigned to therapy is based on tumor type, that is, what anatomical site at which
the tumor resides and/or what type of histopathology the tumor cells derive from. Once these
pieces of information were obtained the patient would be assigned a pharmacotherapy
regimen that provided the best statistical outcome based on collective experience. This
approach has worked as well as can be expected, and exceedingly well in some tumor types
considering the diseases’ high mortality. However with modern scientific advances and strive
toward better outcomes, an even more personalized approach has emerged.

A modern approach to personalized cancer pharmacotherapy can be considered on three basic
levels which can be applied individually or combined. These three levels are the patient’s
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pharmacogenetics, the tumor’s genomics and/or proteomics, and the tumor’s response to drug
exposure. Patient pharmacogenetics refers to the patients genetics that are relevant to effects
on pharmacokinetics of drugs, for example, polymorphisms in drug metabolizing enzymes.
Tumor genomics and/or proteomics refers to specific genetic abnormalities that effect specific
gene expression and is thought to contribute to tumor development or maintenance. The
application of any or all of these pieces of information may improve the outcome of pharma‐
cotherapy for the patient.

The application of pharmacogenomics to personalized therapy can be exemplified by appli‐
cation to tamoxifen therapy for the breast cancer patient. Tamoxifen acts as an anti-estrogen
on breast tissue and is used for treatment of estrogen receptor positive (ER+) breast cancer. It
has been determined that tamoxifen is converted in vivo to 4-hydroxytamoxifen, which is a
much more active anti-estrogen agent. It was subsequently found that this transformation is
accomplished by the drug metabolizing enzymes cytochrome P-450 (CYP) isofroms 2D6 and
2C19 [31]. Patients that were receiving tamoxifen therapy and concurrently receiving selective
serotonin reuptake inhibitor (SSRI) drugs, known to inhibit CYP 2D6, experienced poor
outcomes because of the failure to convert tamoxifen to 4-hydroxtamoxifen. A significant
percentage of the population carry a genetic polymorphism in the CYP 2D6 gene which results
in poor metabolism with respect for the CYP 2D6 isoform and will not receive the full benefit
of tamoxifen therapy [32]. Consequently a readily available genomic test is available for
patients that can identify those who are not good candidates for tamoxifen therapy, because
they have a specific 2D6 polymorphism, so that they can be directed to alternatives.

Advances in genomics and proteomics have enabled selection of patients that may benefit from
targeted therapies for certain tumor types. Analysis of tumor cells on the protein level using
immunohistochemistry (IHC) can identify cells that express relevant protein targets. An
example of the application of this approach is the detection of c-erbB2 (Her2/Neu) receptor in
breast cancer patients which can direct them toward trastuzumab therapy. Specific gene
mutations in tumor cells may be detected using techniques of RT-PCR, DNA microarray, and
fluorescence in situ hybridization (FISH) that can be used to direct patients to therapy that
may be beneficial. For example, a study demonstrated the utility of screening non-small cell
lung cancer patients for amplification of the epidermal growth factor receptor (EGFR). Patients
with amplified EGFR receiving an EGFR kinase inhibitor (gefitinib) had longer median
progression free survival (PFS) and overall survival (OS), compared to those who did not have
amplified EGFR [33, 34]. Furthermore, of those patients who responded to gefitinib therapy
77% had EGFR gene amplification, whereas only 33% of non-responders had EGFR gene
amplification. This study demonstrates the utility of identifying patients with mutations that
drive tumor growth and survival and matching them with appropriate targeted therapy. The
study also highlights the shortcoming of single gene determination directed therapy in that
33% of non-responders also had EGFR amplification.

A potentially more invasive and perhaps technically challenging approach is to directly test
samples of the patient’s tumor against available drugs. This approach of using personalized
xenografts to direct patient therapy was demonstrated in a patient with advanced pancreatic
patient [35]. After initial surgery metastases were discovered and adjuvant gemcitabine
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therapy failed to halt progression. A personalized mouse xenograft model was developed from
the patient’s tumor tissue and was found to respond to the DNA alkylating agents, mitomycin
C and cisplatin. The patient was assigned to mitomycin C treatment and subsequently cisplatin
and achieved a partial response with duration of 50+ months. Genomic analysis of the patient’s
tumor tissue revealed inactivation of the PALB2 gene, which is involved with repair of double
strand DNA breaks. It seems logical that the patient’s tumor responded to the DNA alkylating
agents that would cause double stranded DNA breaks.

The genomic approach has been applied to kinase inhibitors from the beginning of their
introduction to the arsenal of pharmacotherapy options. Imatinib, the first kinase inhibitor to
be marketed is targeted at a specific genomic alteration, a chromosomal translocation produc‐
ing the Philidelphia chromosome (Ph) that expresses a mutant gene product, the BCR-Abl
kinase. This kinase is constitutively active, and is the driver of nearly all chronic myeloid
leukemias (CML). Therefore, patients with CML and are Ph+ can be matched to imatinib
therapy. Imatinib therapy has been fairly successful for CML patients. It has been shown that
patients who achieve complete cytogenic response at 2 years on imatinib therapy tend to
maintain the durable response and do not have mortality significantly different than the
general population [36].

Because the effectiveness of kinase inhibitors require that the target kinase to be a driver of,
expressed in, or aberrantly expressed in, or be mutated in the tumor cells, it is important to
know the status of the target within the specific patient’s tumor in order to best assign the
patient to kinase inhibitor therapy. To this end specific diagnostic tests have been developed
to help guide selection of kinase inhibitor therapy. Indeed, twelve of the approved kinase
inhibitors’ prescribing information assume diagnostic testing be performed, and of those, four
require a diagnostic test for prescription. Table 2 lists six such diagnostics recognized by the
USFDA [37].

5. Emerging kinase targets

Because kinase enzymes are involved in numerous biological processes it is not surprising that
many of them have become therapeutic targets for various disease sates including cancers. As
noted above, drug development of kinase inhibitors for oncology indications has accelerated
in the last decade with no sign of slowing. This acceleration has been spurred by emergent
technologies and advances in molecular and systems biology, proteomics, and genomics. The
continued advancement of understanding of the molecular changes that occur in the devel‐
opment of a cancer has helped identify likely therapeutic targets. Some of the more recently
identified targets include the BTK, CDK8, and DNA-PK.

Although a Bruton’s tyrosine kinase (BTK) inhibitor (ibrutinib) was recently approved for
clinical use, BTK is a relatively new kinase target. BTK plays a role in B-cell receptor signaling,
proliferation, differentiation, and survival. Ibrutinib works by irreversible inhibition of BTK
through covalent modification of the enzyme. In a clinical trial in mantle cell lymphoma (MCL)
patients, who had three prior therapies, an overall response rate of 69% and a progression free
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survival of 13.9 months were observed. Ibrutinib is approved for second line treatment of MCL
and chronic lymphocytic leukemia (CLL) [38].

Drug (generic name) Diagnostic Product Diagnostic Product Use

afatinib Therascreen EGFR RGQ PCR Kit Detects EGFR exon 19 deletions and
exon 21 substitution mutations.
Intended for selection of NSCLC
patients who may benefit from afatinib
therapy.

crizotinib VTSIS ALK Break Apart FISH Probe
Kit

Detection of ALK gene
rearrangements.
Prescription use only, intended for
selection of NSCLC patients eligible for
crizotinib treatment.

dabrafenib and tramatenib THxID BRAF Kit Detection of BRAF(V600E) and (V600K)
mutations in melanoma tissue.
Intended to aid selection of melanoma
patients who may benefit from
treatment with dabrafenib and/or
trametinib.

erlotinib Cobas EGFR Mutation Test Detects EGFR exon 19 deletions and
exon 21 substitution mutations.
Intended for selection of patients with
metastatic NSCLC who may benefit
from afatinib therapy.

imatinib mesylate DAKO C-KIT PharmDx Quantitative c-Kit detection in GIST
and normal tissues. Intended to aid
selection of GIST patients who may be
eligible for imatinib mesylate
treatment.

vemurafenib COBAS 4800 BRAF V600 Mutation TestDetection of BRAF (V600E) mutation in
melanoma. Intended to aid selection of
melanoma patients who may benefit
from vemurafenib therapy.

Table 2. US FDA Cleared or Approved In Vitro Companion Diagnostic Tools for Kinase Inhibitors.

Cyclin dependent kinase 8 (CDK8) was recently identified as a colorectal cancer oncogene [39].
It was discovered that 47% of colorectal cancer samples demonstrated copy number gain of
the chromosomal region carrying the CDK8 gene. It has also been shown that 76% of colorectal
cancers showed positive expression of nuclear CDK8, and that increased positive expression
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rate correlated with increased clinical stage [40]. Additionally, expression of CDK8 trans‐
formed NIH 3T3 cells, however a kinase inactive version did not. Experimental knockdown
of CDK8, in colorectal cancer cell lines with high CDK8 expression levels, induced a decrease
in cell proliferation. While most CDKs regulate cell cycle progression CDK8 and some others
play a role in transcription regulation. Assembly of CDK8 with other key protein partners
forms a mediator complex which can activate β-catenin dependent transcription. Furthermore
it was shown that CDK8 function represses E2F1 activity, a known negative regulator of β-
catenin [41]. Of note is the fact that knockdown of CDK8 in some colorectal cancer cell lines
does not completely diminish β-catenin levels, which suggests that other genetic determinants
of resistance must be identified to exclude patients that would not benefit from a future CDK8
targeted therapeutic.

DNA-dependent protein kinase (DNA-PK) is another emerging oncology kinase target. Being
that the development of cancer is due to genomic instability that results in the acquiring of
genetic mutations that drive tumor formation, it should be no surprise that tumor cells may
have defective DNA repair pathways that result in a mutator phenotype. It is no wonder that
the first class of anti-cancer drugs were DNA alkylating agents that cause irreparable damage
to DNA of tumor cells, although with severe side effects and risk of secondary tumors arising
from DNA damaged normal cells. A less devastating targeted approach to induce irreparable
DNA damage in tumor cells, while sparing normal cells, is to target still operating DNA repair
pathways that are critical to the tumor cells survival. In other words disable a DNA repair
pathway that will synergize with an already disabled pathway. For example, DNA-PK is
critical for repairing double strand DNA breaks through the non-homologous end joining
(NHEJ) pathway. A second pathway for repairing double strand breaks is the homologous
recombination pathway, which is impaired in tumor cells with mutations in genes such as
BRCA1 and BRCA2 as well as others. Targeting tumors with impaired homologous recombi‐
nation by inhibiting the NHEJ pathway with DNA-PK inhibitors should, in theory, cause
activation of cell death pathways as double strand DNA-breaks build-up in the cells [42, 43].
Normal cells should be able to withstand the assault due to both pathways being operable.

6. Summary

Kinase inhibitors have enormous potential to facilitate improved outcomes for some cancer
patients especially in the context of personalized medicine. The personalized approach that
implements genomic analysis to identify potential driver kinases in patient tumor samples will
enable matching the patient with the best kinase inhibitor for the best outcome. The identifi‐
cation of drug resistant mutations in the targeted kinase will be critical in order to avoid
treatment that is not likely to be beneficial to the patient. Also critical, is the identification of
relevant polymorphisms in drug metabolizing enzymes and transporters that may affect
pharmacokinetics of the kinase inhibitor, in order to assure adjustments are made to achieve
optimum drug exposure. These considerations along with proper management of side effects
can maximize patient benefit from targeted personalized cancer therapy with kinase inhibitors.
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Chapter 3

Advanced Cancer Treatment – An Original Approach

Oleg Bukhtoyarov and Denis Samarin

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60213

1. Introduction

Advanced cancer is a malignant disease that has spread to other places in the body and usually
cannot be cured or controlled with treatment. The treatment and care of advanced cancer
patients is focused on the management and relief of symptoms, improving the patient's
comfort and quality of life. Such patients are given symptomatic treatment. At the same time
the status of anti-tumour immunity is a key link in the carcinogenesis chain of advanced cancer.
This means that anti-tumour immunity could be considered as a target for pathogenically
justified immunotherapy. It is also known that the activity of anti-tumour immunity deter‐
mines the survival of patients with cancer. It should be mentioned that an active development
of immunotherapy had promised drastic changes in the management of cancer, as well as an
increase in survival of patients living with cancer. However, that expectation has not yet been
fulfilled. Clinical studies show that an initially compromised anti-tumour immunity of patients
living with cancer cannot be surely recovered by means of immunotherapy. At the same time
the use of immunotherapy in some cancer patients could be dangerous as well as useless due
to the possibility of the stimulation of cancer development, for example through the induction
of Treg cells [1]. At first sight an idea to administer pathogenically justified immunotherapy
to patients with advanced cancer seems in appropriate. However, it could be accepted if
applied with immunotherapy for advanced cancer patients based on deterministic positions
of cellular/molecular and/or genetic levels.

The systemic view in the whole body approach to treatment suggests mandatory consideration
of the state of higher nervous activity (mental state), which provides a serious influence on the
development and outcome of cancer disease. For instance, ‘depression is worsening the
potentially short lives of patients living with cancer’ [2]. In this regard we assumed that some
patients with advanced cancer suffer from psychogenically determined immunosuppression
as an outcome of untreated psychoemotional disorders that have occurred before a diagnosis
of cancer. In fact, those patients went through massive psychotraumatic events that accumu‐

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



lated through the massive stress connected with a first diagnosis of cancer. We also assumed
that the immunotherapy of advanced cancer patients with a psychogenic medical history
should be preceded with an effective correction of psychoemotional disorders in order to avoid
a psychogenic immunosuppressive influence. The objective of this work is the development
and implementation of a psychoimmunological approach to the treatment of advanced cancer
patients with a psychogenic medical history.

1.1. Theoretical justification for a psychoimmunological approach to the treatment of
advanced cancer patients with a psychogenic medical history

Today there is no doubt that immune dysfunctions are the backbone of tumour pathogenesis.
This immune dysfunction, along with destruction of the cellular genetic apparatus in the
malignant cells, occurs in the form of the cell component of the immune system dysfunction
along with the malfunction of cell control and cell differentiation mechanisms, immune
tolerance, and inability to provide an effective immune response to a developing tumour [3,
4]. In this connection it was logical to use the wide range of immunotherapy methods in
modern oncology. Despite being a new step in malignant tumour treatment it has not solved
the problem of its effective treatment [5, 6].

At the same time, laboratory and clinical trials have shown linked and multi-functional
interconnections between the two most important integrative systems of the human organism,
which are the immune and the nervous systems [7-9], which formed the basis of the develop‐
ment of modern scientific trends of the psychoneuroimmunology and psychoimmunology of
cancer [10]. The conclusions of the scientific research on the influence of chronic psychoemo‐
tional stress (CPES) to an organism of healthy and unhealthy individuals, including those with
cancer, are most interesting from the practical point of view. Nowadays the somatic outcomes
of CPES are well known: the CPES is able to damage the cell’s DNA and inhibit DNA repair
through the activation of endogenous mutagens, which are the reactive species of oxygen,
nitrogen, etc. This leads to genome instability [11, 12]. CPES is always followed by immuno‐
suppression, a decrease in the quantity and cytotoxic activity of CD8+ and NK-cells, and
dysfunction of their supervising functions, processes of apoptosis, activation of proinflamma‐
tory cytokines and sustentation of the non-cropped areas of chronic inflammation [13-15]. All
of these lead to a concentration of malignant cells in the body with an increase in their invasive
potentiality [16]. CPES is linked with a high risk of development, progress and recurrence of
malignant tumours, and the high mortality rate of cancer patients [17, 18]. The CPES also leads
to hippocampal neuronal degeneration as well as amygdala atrophy [19], prolonged hyper‐
activity of the hypothalamo-pituitary-adrenocortical axis [20], and accelerated aging of the
human body [21]. Therefore, the extensive and deep somatic damaging effect of CPES suggests
a significant role of psychogenic factors in the development, recurrence and progression of
cancer disease in some cancer patients with a psychogenic medical history. On the basis of the
above, it is logical to assume that it is difficult to eliminate the factors compromising the
immune system due to psychogenic influence and the suppression of anti-tumour immunity
without effective elimination of persistent tonic descending influences of the central nervous
system and the higher nervous activity to the body of cancer patients with a psychogenic
medical history. The confirmation of the dependency of anti-tumour immune activity to higher
nervous activity is presented by therecently discovered phenomenon of the spontaneous
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increase in anti-tumour activity of the immune system after the effective relief of psychoemo‐
tional disorders in cancer patients with a psychogenic medical history [22].

Thereby,  advanced cancer patients  with a psychogenic medical  history require a  special
pathogenesis-based psychoimmunological cancer treatment in order to restore their mental
condition, increase their quality of life, activate an anti-tumour immunity and to block the
progression of cancer. The main content of psychoimmunological cancer treatment consists of
compliance with a strict sequence of two stages of cancer treatment: psycho-correction and
immunoactivation. The main objective of the first stage of cancer treatment (psycho-correc‐
tion)  is  an effective and sustainable  elimination of  CPES effects  that  appear in different
psychoemotional disorders such as anxiety, depression, etc. The main objective of the second
stage of cancer treatment (stage of immunoactivation) is the activation of specific anti-tumour
immunity.

2. Material and methods

This study had local ethical committee approval (the Ethical committee of the Institute of
Clinical Immunology, Siberian Branch, Russian Academy of Medical Sciences, Novosibirsk,
Russian Federation, protocol № 29, August 18, 2004). All patients gave written informed
consent.

2.1. Characteristics of advanced cancer patients

The special psychoimmunological cancer treatment was offered to 17 patients with advanced
cancer (13 women and four men). These patients, over seven years (2005-2012),were selected
by us from the cancer patients using the following criteria: 1) the progression of the disease,
despite the ongoing standard combination therapy of cancer provided, 2) the presence of
distant metastases (stage IV of cancer), 3) the obvious massive psychotrauma that occurred in
the lives of patients before being diagnosed with cancer (psychogenic medical history), and 4)
informed consent of cancer patients for carrying out cancer treatment. A special clinical case
was associated with patient № 9 (Table 1), who strictly refused to take a standard combination
therapy for cancer, but expressed the strong desire to receive psychological and psychother‐
apeutic aid. Individual characteristics of cancer patients are presented in Table 1.

Patient
№

Age Sex Cancer types
Primary tumour
localization

Metastasis
localization

Stage Comorbidities Treatment

1 42 F Melanoma Right shoulder Brain IV - SUR, CHT

2 29 F Melanoma
Anterior
chest wall

Liver IV -
SUR, CHT
HYP

3 47 F Melanoma
Anterior
abdominal wall

Brain IV
Urinary stone
disease

SUR, CHT
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Patient
№

Age Sex Cancer types
Primary tumour
localization

Metastasis
localization

Stage Comorbidities Treatment

4 43 M Melanoma Uveal Liver IV - SUR, CHT

5 46 F Melanoma Back skin Porta hepatis IV
Hypertensive
heart disease

SUR, CHT

6 51 M Melanoma
Anterior
abdominal wall

Subcutaneous
hands & feet

IV
Chronic
cholecystitis

SUR, CHT

7 38 F Melanoma
Skin of temporal
region

Retroperito-
neum

IV - SUR, CHT

8 53 M Melanoma Back skin
Subcutaneous
hands & feet

IV Stomach ulcer SUR, CHT

9 55 F Melanoma Neck skin
Supraclavicular
& axillary
lymph nodes

IV -
Refuse
standard
treatment

10 76 F Kidney cancer Right kidney

Both lungs,
mediastinal &
neck lymph
nodes, ribs

IV

Hypertensive
heart disease,
coronary artery
disease

SUR, CHT

11 58 F Kidney cancer Right kidney Left kidney IV
Hypertensive
heart disease

SUR, CHT

12 53 F
Stomach
cancer

Stomach Porta hepatis IV - SUR, CHT

13 28 M
Stomach&
pancreas
cancer

Stomach&
pancreas

Paraaortic
lymph nodes

IV - SUR, CHT

14 50 F Breast cancer Left breast

Skull, ribs,
sternum,
clavicles, spine,
pelvis

IV - SUR, CHT, RT

15 54 F Breast cancer Right breast
Ribs, shoulder
joint

IV
Hypertensive
heart disease

SUR, CHT

16 45 F
Ovarian
cancer

Right ovarian
Mediastinal
lymph nodes

IV - SUR, CHT

17 48 F Lung cancer Right lung Left lung IV - SUR, CHT

SUR – surgery; CHT – chemotherapy; RT – radiotherapy; HYP – hyperthermia

Table 1. Characteristics of advanced cancer patients (n=17)
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Patient
№

Age Sex Cancer types
Primary tumour
localization

Metastasis
localization

Stage Comorbidities Treatment

4 43 M Melanoma Uveal Liver IV - SUR, CHT

5 46 F Melanoma Back skin Porta hepatis IV
Hypertensive
heart disease

SUR, CHT

6 51 M Melanoma
Anterior
abdominal wall

Subcutaneous
hands & feet

IV
Chronic
cholecystitis

SUR, CHT

7 38 F Melanoma
Skin of temporal
region

Retroperito-
neum

IV - SUR, CHT

8 53 M Melanoma Back skin
Subcutaneous
hands & feet

IV Stomach ulcer SUR, CHT

9 55 F Melanoma Neck skin
Supraclavicular
& axillary
lymph nodes

IV -
Refuse
standard
treatment

10 76 F Kidney cancer Right kidney

Both lungs,
mediastinal &
neck lymph
nodes, ribs

IV

Hypertensive
heart disease,
coronary artery
disease

SUR, CHT

11 58 F Kidney cancer Right kidney Left kidney IV
Hypertensive
heart disease

SUR, CHT

12 53 F
Stomach
cancer

Stomach Porta hepatis IV - SUR, CHT

13 28 M
Stomach&
pancreas
cancer

Stomach&
pancreas

Paraaortic
lymph nodes

IV - SUR, CHT

14 50 F Breast cancer Left breast

Skull, ribs,
sternum,
clavicles, spine,
pelvis

IV - SUR, CHT, RT

15 54 F Breast cancer Right breast
Ribs, shoulder
joint

IV
Hypertensive
heart disease

SUR, CHT

16 45 F
Ovarian
cancer

Right ovarian
Mediastinal
lymph nodes

IV - SUR, CHT

17 48 F Lung cancer Right lung Left lung IV - SUR, CHT

SUR – surgery; CHT – chemotherapy; RT – radiotherapy; HYP – hyperthermia

Table 1. Characteristics of advanced cancer patients (n=17)
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2.2. Psychogenic medical history investigation

Psychogenic medical histories were taken for each patient in the clinical trial (anamnesis morbi)
during the first visit, and these histories included the presence of massive psychotraumatic
events (death of close person, divorce, etc.) with the development of helplessness and despair.

2.3. The mental status examination of advanced cancer patients

The mental status examination of cancer patients was conducted by the psychiatrist with
supplemental usage of the following psychometric test systems (e.g., Symptom Checklist 90
(SCL-90) and rates: Somatization, Obsessive-Compulsive, Interpersonal Sensitivity, Depres‐
sion, Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation, Psychoticism, Global Severity
Index. The psychiatrist detected the presence or absence of mental disorders in cancer patients
in accordance with International Classification of Diseases (ICD-10). Normal values of SCL-90
parameters for healthy people are presented in Table 2 [23]. The mental status examination
was administered in the following stages of research: ‘before’ – before psycho-correction; ‘after’
– after hypnotherapy session; and ‘one month later’ –hypnotherapy sessions one month later.

2.4. The pharmacotherapy of psychoemotional disorders

The pharmacotherapy of mental disorders in advanced cancer patients was conducted
immediately after diagnosis. Antidepressants (tianeptine, venlafaxin), anxiolytics (afobazo‐
lum, microdoses of diazepam) and their combination were used. The psychotropic drugs were
prescribed for a period of three to six months to enhance and prolong the therapeutic effect of
hypnosuggestive psychotherapy (HSP).

2.5. Method of hypnosuggestive psychotherapy

The method of hypnosuggestive psychotherapy is based on strict successive, interconnected,
figurative, pathogenically substantiated suggestive influences in hypnotic states. This method
has previously been described in detail [24]. It includes: 1) Establishment of hypno-rapport
between patient and physician; 2) Hypnotic de-actualization of psychotraumatic emotions and
experience including the fact of cancer diagnosis; 3) Hypnotic lockout of dreams connected
with known stress situations which are regularly reproduced in sleep with the corresponding
psycho-vegetative reactions – this is needed for the subject’s exhaustion of psychogenic
disorders and to prevent their lingering course; 4) Hypnotic reproduction of a personal ‘health
standard’ or ‘health syndrome’ – a key session of the whole course of HSP. This ‘syndrome’ is
based on using the known phenomenon of hypnotic hypermnesia (increased memory under
hypnosis), generally used for the restoration of psychogenic abnormalities of memory.
However, it is possible to restore the memory of the heartbeat, respiratory rate, glycaemic rate,
enzyme reaction activity, stereotype of digestive system functions, etc. from a specific time in
the past. The patient recollects the concrete day (date, month, year) from the past – the ‘model
standard’ of his health when there was no tumour and he felt well, mentally and physically.
In a hypnotic state suggestions were conducted using the images required to retrieve the
‘records’ that are well known to the body as ‘health standard’ from the memory of cancer
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patients. It should be noted that in this key session HSP hypnotic suggestions related to the
activation of a great desire and the need for further self-realization in their lives were con‐
ducted. In fact, these suggestions were aimed at restoring of life purpose dominant loss [25];
5-6). The last HSP sessions focused on patients’ education in self-hypnosis (autohypnosis)
under suggestive influence. The patients were then given detailed instructions to use self-
hypnosis for the prolongation of the medicinal effect, as well as keeping the psychic and vital
tone of cancer patients. The duration of the individual course of the HSP was 14-16 days.

2.6. Anti-cancer diagnostic skin test for evaluation of specific anti-tumour activity of the
immune system (non-stimulated native activity) in advanced cancer patients

The anti-tumour activity of the immune system was assessed by a skin test of the delayed type
hypersensitivity (DTH) reaction on tumour-associated antigens (TAA), which were used as a
lysed human melanoma cell line BRO [26] of 25,000 cells in a test (see Figure 1). Human
melanoma cell line BRO was obtained at the Institute of Cytology of the Russian Academy of
the Sciences (St. Petersburg, Russia). We investigated the DTH skin reaction after the intra‐
dermal administration on the forearm at 9, 12 and 24 hours, to identify the peak responses.
The peak response in most cases (the diameter of redness in mm) was observed after 12 hours.
Selection of the human melanoma cell line BRO was determined by the need to use in one test
the maximum range of TAA, in order to assess the anti-tumour activity of the immune systems
of patients with different cancers. As shown above, there exist all kinds of TAA characteristics
of solid tumours on the melanoma cells [27]. 

 
 
Figure 1. Anti-cancer diagnostic skin test: evaluation of specific anti-tumour activity of the 
immune system in advanced cancer patients (Patient № 11 after psycho-correction). (a) 
Intradermal introduction of tumour-associated antigens: lysed cells of human melanoma line 
BRO 25103 per doze (50 µL); (b) Evaluation of DTH skin reaction on TAA (12 hours later): 0-
5 mm – low activity, 5-10 mm – average activity, >10 mm – high activity. 
 
The selection of the minimal quantity of TAA for the anti-cancer diagnostic DTH skin test 
(according to our preliminary studies) was used in order to obtain a physiological specific anti-
tumour immunological response (non-stimulated native DTH skin reaction on TAA) as well as 
to exclude the possibility of the vaccine’s effect on the diagnostic test itself. In comparison with 
our colleagues, who used the DTH skin reaction on the TAA of human melanoma cell lines in 
a study of the clinical efficacy of the anti-tumour polyvalent vaccine ‘CancerVax’ (developed 
from three allogeneic human melanoma cell lines) [28], we used a diagnostic dose that was 
nearly 100 times smaller (2.5 × 104 cells vs. 2.4 × 106 cells). In addition, our patients did not 
receive any immunotropic therapy during the study. The selected dose does not cause allergic 
and other pathological reactions. It is known that the delayed-type hypersensitivity reaction is 
a specific immune response and begins to manifest in eight to 12 hours after ingestion of 
antigen, and in most cases the reaction reaches a peak after 48-72 hours [29]. 
 
In our case the peak responses, due to the absence of prior immunization of cancer patients 
and the largest contribution of cellular reactions in the DTH skin test, were achieved early 
(within 12 hours) [30]. An evaluation of a specific anti-tumour activity of the immune system in 
advanced cancer patients was conducted through the research phases: ‘before’ – before 
psycho-correction, ‘after’ – after completing a course of hypnotherapy and ‘one month later’ – 
after one month following the completion of the course of hypnotherapy. 
 
2.7. Preparation of tumour-associated antigens for diagnostic test - DTH skin reaction 
 
The lysed cells of the human melanoma cell line BRO were used as the TAA for diagnostic 
test. The human melanoma cell line BRO were maintained in RPMI 1640 supplemented with 
10% heat-inactivated foetal calf serum, L-glutamine (2 mmol/ml), 25 mmol HEPES buffer, and 
25 μg/ml gentamicin at 37°C in 5% CO2 humidified air. Cells were detached from the dish by 
treating with trypsin-EDTA followed by washing three times with Dulbecco’s phosphate-
buffered saline, precipitated by centrifuging, counted, and diluted with 0.9% saline solution 
with 0.1% EDTA. Cells were lysed by repeated (eight times) freezing and stored at -80ºC until 
use. As a diagnostic test 2.5 × 104 lysed cells line BRO in 50 microliters were used. 
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Figure 1. Anti-cancer diagnostic skin test: evaluation of specific anti-tumour activity of the immune system in ad‐
vanced cancer patients (Patient № 11 after psycho-correction). (a) Intradermal introduction of tumour-associated anti‐
gens: lysed cells of human melanoma line BRO 25×103 per doze (50 µL); (b) Evaluation of DTH skin reaction on TAA
(12 hours later): 0-5 mm – low activity, 5-10 mm – average activity, >10 mm – high activity.

The selection of the minimal quantity of TAA for the anti-cancer diagnostic DTH skin test
(according to our preliminary studies) was used in order to obtain a physiological specific anti-
tumour immunological response (non-stimulated native DTH skin reaction on TAA) as well
as to exclude the possibility of the vaccine’s effect on the diagnostic test itself. In comparison
with our colleagues, who used the DTH skin reaction on the TAA of human melanoma cell
lines in a study of the clinical efficacy of the anti-tumour polyvalent vaccine ‘CancerVax’ (USA)
(developed from three allogeneic human melanoma cell lines) [28], we used a diagnostic dose
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Figure 1. Anti-cancer diagnostic skin test: evaluation of specific anti-tumour activity of the immune system in ad‐
vanced cancer patients (Patient № 11 after psycho-correction). (a) Intradermal introduction of tumour-associated anti‐
gens: lysed cells of human melanoma line BRO 25×103 per doze (50 µL); (b) Evaluation of DTH skin reaction on TAA
(12 hours later): 0-5 mm – low activity, 5-10 mm – average activity, >10 mm – high activity.

The selection of the minimal quantity of TAA for the anti-cancer diagnostic DTH skin test
(according to our preliminary studies) was used in order to obtain a physiological specific anti-
tumour immunological response (non-stimulated native DTH skin reaction on TAA) as well
as to exclude the possibility of the vaccine’s effect on the diagnostic test itself. In comparison
with our colleagues, who used the DTH skin reaction on the TAA of human melanoma cell
lines in a study of the clinical efficacy of the anti-tumour polyvalent vaccine ‘CancerVax’ (USA)
(developed from three allogeneic human melanoma cell lines) [28], we used a diagnostic dose
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that was nearly 100 times smaller (2.5 × 104 cells vs. 2.4 × 106 cells). In addition, our patients
did not receive any immunotropic therapy during the study. The selected dose does not cause
allergic and other pathological reactions. It is known that the delayed-type hypersensitivity
reaction is a specific immune response and begins to manifest in eight to 12 hours after
ingestion of antigen, and in most cases the reaction reaches a peak after 48-72 hours [29].

In our case the peak responses, due to the absence of prior immunization of cancer patients
and the largest contribution of cellular reactions in the DTH skin test, were achieved early
(within 12 hours) [30]. An evaluation of a specific anti-tumour activity of the immune system
in advanced cancer patients was conducted through the research phases: ‘before’ – before
psycho-correction, ‘after’ – after completing a course of hypnotherapy and ‘one month later’
– after one month following the completion of the course of hypnotherapy.

2.7. Preparation of tumour-associated antigens for diagnostic test - DTH skin reaction

The lysed cells of the human melanoma cell line BRO were used as the TAA for diagnostic test.
The human melanoma cell line BRO were maintained in RPMI 1640 supplemented with 10%
heat-inactivated foetal calf serum, L-glutamine (2 mmol/ml), 25 mmol HEPES buffer, and 25
µg/ml gentamicin at 37°C in 5% CO2 humidified air. Cells were detached from the dish by
treating with trypsin-EDTA followed by washing three times with Dulbecco’s phosphate-
buffered saline, precipitated by centrifuging, counted, and diluted with 0.9% saline solution
with 0.1% EDTA. Cells were lysed by repeated (eight times) freezing and stored at -80ºC until
use. As a diagnostic test 2.5 × 104 lysed cells line BRO in 50 microliters were used.

2.8. Preparation of tumour-associated antigens for epicutaneous activation of specific anti-
tumour immunity

The lysed cells of the human melanoma cell line BRO were used as the TAA for epicutaneous
activation of specific anti-tumour immunity. The human melanoma cell line BRO was
maintained in RPMI 1640 supplemented with 10% heat-inactivated foetal calf serum, L-
glutamine (2 mmol/ml), 25 mmol HEPES buffer, and 25 µg/ml gentamicin at 37°C in 5% CO2

humidified air. Cells were detached from the dish by treating with trypsin-EDTA followed by
washing three times with Dulbecco’s phosphate-buffered saline, precipitated by centrifuging,
counted and diluted with 0.9% saline solution with 0.1% EDTA. Cells were lysed by repeated
freezing (eight times) and stored at -80ºC until use. The one epicutaneous activation of specific
anti-tumour immunity was performed with the use of a 2.5 × 106 lysed cells line BRO in 0.5 ml.

2.9. Preparation of tumour-associated antigens for extracorporeal activation of specific anti-
tumour immunity

Lysed placental domestic pig cells were used as the TAA for extracorporeal activation of
specific anti-tumour immunity. They were obtained by careful mechanical homogenization of
placenta without trypsin. Cells were diluted in saline solution supplemented with 0.1% EDTA
and 25 µg/ml gentamicin up to a concentration of 50 × 106 placental cells in 1.0 ml. Cells were
lysed by repeated freezing (eight times) and stored at -80ºC until use.
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2.10. Extracorporeal activation of specific anti-tumour immunity

A peripheral blood mononuclear cell(PBMC), separated from 25 ml of heparinized cancer
patient blood was diluted in RPMI 1640 and supplemented with 20% autological plasma, L-
glutamine (2 mmol/ml), 25 mmol HEPES buffer, and 25 µg/ml gentamicin. PBMC in concen‐
tration 4 × 106 cells/ml was placed in a cell culture dish in the proportion 1-2 × 106 cells/sm2.
The lysed domestic pig placental cells were used as the antigen at a proportion of 1/6 (lysed
cells of pig placenta/PBMC). This proportion was found to be optimal in previous research.
Further PBMC with added antigen was placed into a CO2 incubator and incubated at 37°C in
5% CO2 humidified air. The incubation time was six to eight hours for antigen processing by
monocytes of PBMC. The PBMC was collected after completion of incubation by rubber
policeman and was triplewashed in the phosphate buffer solution with the addition of 5%
autological plasma of the cancer patient. The washed incubated PBMC was diluted in 2 ml of
autological plasma from the cancer patient and shared between two 1 ml syringes. Incubated
PBMC was administered subcutaneously in the subscapular fossa area and in the area of the
lower abdomen laterally from the umbilicus (palm width sinistral or dextral). A total of three
procedures were provided, the second after two weeks and the third after one month from the
first procedure.

2.11. Epicutaneous (scarification) activation of specific anti-tumour immunity

The superficial line scarifications were applied after skin disinfection on the area of 4 cm2 with
a gap in between lines of 2-3 mm wide by blood lancet (scarificator) (see Figure 2). The damaged
area was covered by sterile patch underneath which a solution with ТАА (2.5 × 106 lysed cells
line BRO in 0.5 ml) was administered by syringe. The subclavicular and subscapular areas
were used for the epicutaneous application of ТАА. The exposition of patch was left for three
days. Four sessions of epicutaneous activation of specific anti-tumour immunity were
administered with a 14-day break and three sessions were provided with a 30-day break.

Figure 2. Epicutaneous (scarification) activation of specific anti-tumour immunity. (A) The superficial line scarifica‐
tions plotted after skin disinfection by blood lancet (scarificator); (B) Patch (with viscose bandage) is superimposed on
the network of surface scarification and impregnation of bandage patch by solution of tumour-associated antigens.
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2.12. Statistical analysis

The statistical data processing was performed using ‘BioStat 2009 Professional 5.8.4’, which is
publicly available. The level of statistical significance (so-called alpha level for a p-value) was
accepted as 0.05. All parameters of investigation were normally distributed (by Kolmogorov-
Smirnov test), so in general the parametric tests were used. In order to compare two inde‐
pendent statistical samples, the non-parametric Mann-Whitney test was used. The relationship
study between psychometric (SCL-90) and immunological (DTH skin reaction on TAA)
parameters was carried out using Pearson's correlation test.

3. Results

3.1. Mental disorders in advanced cancer patients with psychogenic medical history

Clinical studies of 17 advanced cancer patients with a psychogenic medical history showed
that 100% had a variety of psychoemotional comorbidity disorders, predominantly anxiety
and depression spectrum disorders. The disorders distribution was based on the International
Classification of Diseases (ICD-10): generalized anxiety disorder (F41.1) – 3 (patients № 1, 13,
17), mixed anxiety and depressive disorder (F41.2) – 2 (patients № 4, 6), post-traumatic stress
disorder (F43.1) – 1 (patient № 7), prolonged depressive reaction (F43.21) – 4 (patients № 3, 8,
12, 16), mixed anxiety and depressive reaction (F43.22) – 6 (patients № 2, 5, 9, 10, 11,14) and
organic anxiety disorder (F06.4) – 1 (patient № 15), which in our opinion was a complication
chemotherapy. The results of clinical studies of the mental state of advanced cancer patients
in general have been confirmed by the data of psychometry (Table 2, the indicators ‘before’).

3.2. Psycho-correction stage is the first stage of psychoimmunological advanced cancer
treatment

The  clinical  benefits  after  completion  of  HSP  have  been  noted  in  all  advanced  cancer
patients. This was confirmed by the results of psychometry and comparative analysis, which
showed significant improvement in almost all of the parameters studied (Table 2). Along
with a significant improvement in the mental state of cancer patients a spontaneous increase
in the specific anti-tumour activity of the immune system was observed, as determined by
DTH skin  reaction  on TAA (p<0.0008).  The  sustainability  of  mental  and immunological
changes was the main criterion in the decision to move to the next stage of psychoimmu‐
nological  cancer  treatment  which  is  the  stage  of  immunoactivation.  In  this  regard,  the
studied parameters at the ‘one month later’ stage after completion of the HSP indicated the
stability or instability of earlier positive changes.  However,  in a comparative analysis of
indices in the overall group of cancer patients at stages ‘after’ and ‘one month later’ this
deterioration was not evident (Table 2).

However, a careful study of the indicators at the stage ‘one month later’ detected a clear split
of cancer patients into two groups by the intensity of DTH skin reaction on TAA (Table 3). The
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DTH skin reaction was less than 5 mm in one group of patients, and was greater than 5 mm
in the other group. It was found that cancer patients in these groups differed substantially in
almost all psychometric parameters. The group of patients with a DTH skin reaction of less
than 5 mm (11 of 17 patients) was characterized by the deterioration of psychometric indicators,
which allowed us to identify this group of patients as a group with an unstable effect of
correction of psychoemotional disorders (patient № 1, 3, 4, 5, 6, 7, 8, 12, 13, 15, 17).

Clinically, these patients had worsening of general and mental health, in spite of the use of
antidepressants, anxiolytics, and the conduction of self-hypnosis sessions. Another group of
patients whose DTH skin reaction was more than 5 mm (six patients) differed by maintenance
of the previously achieved positive effects of psycho-correction with appropriate psychometric
characteristics. The last group was identified by us as a group of patients with a stable effect
of psycho-correction (patients number 2, 9, 10, 11, 14, 16). The close relationship of specific
anti-tumour activity of the immune system with the higher nervous activity of cancer patients
was confirmed by the correlation analysis between the DTH skin reaction on TAA and
psychometric parameters of SCL-90 at all stages of observation (Table 4).

Indicators
Normative
values†

Comparative analysis ‘before-after’ and ‘after-one month later’

Before (B)
Mean ± s.e.m.

After (A)
Mean ± s.e.m.

1 month later
Mean ± s.e.m.

P
B-A

P
A-1 mon.

Somatization 0.44 ± 0.03 1.31 ± 0.16 0.67 ± 0.12 0.79 ± 0.15 0.0001 *

Obsessive-
compulsive

0.75 ± 0.04 1.14 ± 0.12 0.62 ± 0.10 0.76 ± 0.11 0.002 *

Interpersonal
sensitivity

0.66 ± 0.03 1.12 ± 0.20 0.53 ± 0.10 0.63 ± 0.11 0.006 *

Depression 0.62 ± 0.04 1.45 ± 0.16 0.54 ± 0.09 0.84 ± 0.12 0.0002 0.004

Anxiety 0.47 ± 0.03 1.10 ± 0.15 0.35 ± 0.09 0.49 ± 0.09 0.0002 *

Hostility 0.60 ± 0.04 0.74 ± 0.12 0.32 ± 0.07 0.43 ± 0.08 0.007 *

Phobic anxiety 0.18 ± 0.02 0.55 ± 0.14 0.23 ± 0.08 0.23 ± 0.07 0.045 *

Paranoid ideation 0.54 ± 0.04 0.73 ± 0.16 0.43 ± 0.12 0.50 ± 0.14 * *

Psychoticism 0.30 ± 0.03 0.67 ± 0.11 0.31 ± 0.07 0.41 ± 0.08 0.0006 *

Global Severity
Index

0.51 ± 0.02 1.06 ± 0.12 0.48 ± 0.07 0.61 ± 0.10 0.0002 *

DTH skin reaction
on TAA, mm

not defined 4.59 ±1.52 11.4 ±2.45 7.35 ±2.06 0.0008 0.003

Mean ± s.e.m. – means and standard errors means; *P>0.05; † - Normative values for healthy people (Tarabrina N.V., 2001)

Table 2. Psychometric indicators (SCL-90) and DTH skin reaction on TAA in advanced cancer patients before, after,
and one month later after completion of HSP sessions (n=17)
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DTH skin reaction was less than 5 mm in one group of patients, and was greater than 5 mm
in the other group. It was found that cancer patients in these groups differed substantially in
almost all psychometric parameters. The group of patients with a DTH skin reaction of less
than 5 mm (11 of 17 patients) was characterized by the deterioration of psychometric indicators,
which allowed us to identify this group of patients as a group with an unstable effect of
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patients whose DTH skin reaction was more than 5 mm (six patients) differed by maintenance
of the previously achieved positive effects of psycho-correction with appropriate psychometric
characteristics. The last group was identified by us as a group of patients with a stable effect
of psycho-correction (patients number 2, 9, 10, 11, 14, 16). The close relationship of specific
anti-tumour activity of the immune system with the higher nervous activity of cancer patients
was confirmed by the correlation analysis between the DTH skin reaction on TAA and
psychometric parameters of SCL-90 at all stages of observation (Table 4).

Indicators
Normative
values†

Comparative analysis ‘before-after’ and ‘after-one month later’

Before (B)
Mean ± s.e.m.

After (A)
Mean ± s.e.m.

1 month later
Mean ± s.e.m.

P
B-A

P
A-1 mon.

Somatization 0.44 ± 0.03 1.31 ± 0.16 0.67 ± 0.12 0.79 ± 0.15 0.0001 *

Obsessive-
compulsive

0.75 ± 0.04 1.14 ± 0.12 0.62 ± 0.10 0.76 ± 0.11 0.002 *

Interpersonal
sensitivity

0.66 ± 0.03 1.12 ± 0.20 0.53 ± 0.10 0.63 ± 0.11 0.006 *

Depression 0.62 ± 0.04 1.45 ± 0.16 0.54 ± 0.09 0.84 ± 0.12 0.0002 0.004

Anxiety 0.47 ± 0.03 1.10 ± 0.15 0.35 ± 0.09 0.49 ± 0.09 0.0002 *

Hostility 0.60 ± 0.04 0.74 ± 0.12 0.32 ± 0.07 0.43 ± 0.08 0.007 *

Phobic anxiety 0.18 ± 0.02 0.55 ± 0.14 0.23 ± 0.08 0.23 ± 0.07 0.045 *

Paranoid ideation 0.54 ± 0.04 0.73 ± 0.16 0.43 ± 0.12 0.50 ± 0.14 * *

Psychoticism 0.30 ± 0.03 0.67 ± 0.11 0.31 ± 0.07 0.41 ± 0.08 0.0006 *

Global Severity
Index

0.51 ± 0.02 1.06 ± 0.12 0.48 ± 0.07 0.61 ± 0.10 0.0002 *

DTH skin reaction
on TAA, mm

not defined 4.59 ±1.52 11.4 ±2.45 7.35 ±2.06 0.0008 0.003

Mean ± s.e.m. – means and standard errors means; *P>0.05; † - Normative values for healthy people (Tarabrina N.V., 2001)

Table 2. Psychometric indicators (SCL-90) and DTH skin reaction on TAA in advanced cancer patients before, after,
and one month later after completion of HSP sessions (n=17)
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Indicators Normative values†

Unstable
effect (n=11)

Mean ± s.e.m.

Stable
effect (n=6)

Mean ± s.e.m.
P

Somatization 0.44 ± 0.03 1.05 ± 0.18 0.32 ± 0.13 0.014

Obsessive-compulsive 0.75 ± 0.04 0.95 ± 0.13 0.42 ± 0.15 0.024

Interpersonal sensitivity 0.66 ± 0.03 0.86 ± 0.11 0.20 ± 0.08 0.005

Depression 0.62 ± 0.04 1.10 ± 0.12 0.35 ± 0.11 0.003

Anxiety 0.47 ± 0.03 0.68 ± 0.10 0.13 ± 0.07 0.003

Hostility 0.60 ± 0.04 0.50 ± 0.09 0.31 ± 0.15 *

Phobic anxiety 0.18 ± 0.02 0.33 ± 0.10 0.05 ± 0.03 *

Paranoid ideation 0.54 ± 0.04 0.71 ± 0.18 0.11 ± 0.04 0.009

Psychoticism 0.30 ± 0.03 0.57 ± 0.10 0.12 ± 0.07 0.007

Global Severity Index 0.51 ± 0.02 0.82 ± 0.11 0.23 ± 0.07 0.004

DTH skin reaction on TAA, mm not defined 1.91 ±0.53 17.3 ±2.55 0.0009

Mean ± s.e.m. – means and standard errors means; *P>0.05; † - Normative values for healthy people (Tarabrina N.V., 2001)

Table 3. A comparative analysis of the studied parameters in cancer patients with unstable and stable effects of
correction of psychoemotional disorders

Indicators

DTH skin reaction on TAA, mm

Before After One month later

r P r P r P

Somatization 0.13 * -0.40 * -0.64 0.006

Obsessive-compulsive -0.27 * -0.35 * -0.73 0.0008

Interpersonal sensitivity -0.09 * -0.58 0.014 -0.82 0.0001

Depression -0.09 * -0.44 * -0.78 0.0002

Anxiety -0.10 * -0.51 0.037 -0.74 0.0006

Hostility -0.06 * -0.29 * -0.51 0.039

Phobic anxiety -0.16 * -0.28 * -0.57 0.017

Paranoid ideation -0.31 * -0.37 * -0.59 0.013

Psychoticism -0.22 * -0.53 0.030 -0.66 0.004

Global Severity Index -0.14 * -0.60 0.012 -0.76 0.0003

* P>0.05

Table 4. The correlation analysis between the DTH skin reaction and psychometric indicators of SCL-90 in advanced
cancer patients with a psychogenic medical history on stages of observation (n=17)
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The dynamics of the relationship showed that the medical and psychotherapeutic effect on the
higher nervous activity of the cancer patients was accompanied by a cumulative increase in
the significant negative correlations between the specific anti-tumour activity of the immune
system and the mental wellbeing of cancer patients. The greatest number of correlations was
observed month after the completion of HSP. Cancer patients with a sustained effect of psycho-
correction (patient № 2, 10, 11, 14, 16) were proposed for a second stage of psychoimmuno‐
logical cancer treatment (stage of immunoactivation), except for patient № 9.

3.3. Stage of immunoactivation: the second stage of psychoimmunological advanced cancer
treatment

The stage of immunoactivation lasted for five months and, along with the procedures of
activation of specific anti-tumour immunity, advanced cancer patients took psychotropic
medications and performed self-hypnosis sessions. Each procedure of epicutaneous activation
of specific anti-tumour immunity was accompanied by local reactions such as redness, pain,
and local itching at the injection site. All cancer patients observed pain in the area of metastatic
tumour formation (including previously undiagnosed) as well as pain in the regional lymph
nodes on the third day, sometimes an increased body temperature up to 37ºC, and deteriora‐
tion of health in the form of weakness, lethargy, and sleepiness. In order to relieve these
reactions, patients received Nise (nimesulide) tablets 100 mg, twice per day for five to seven
days. Procedures of extracorporeal activation of specific anti-tumour immunity were also
accompanied by systemic reactions, but were clinically less severe than with procedures of
epicutaneous activation. In addition, local reactions were observed such as redness, pain and
itching at the site of local administration.

3.4. Catamnesis

The advanced cancer patients experiencing unstable clinical effects of the correction of the
psychoemotional disorders (patient № 1, 3, 4, 5, 6, 7, 8, 12, 13, 15, 17) died within two to five
months of the psycho-correction stage being over, except patient № 5 who died after one year.
These advanced cancer patients are likely to have had more pronounced somatopsychic
disorders that were not consistently removed with psycho-correction techniques and failed to
influence anti-tumour immunity. Among the advanced cancer patients that were subjected to
psychoimmunological cancer treatment (patient № 2, 10, 11, 14, 16) the following results were
observed.

Patient № 2 is alive (five years catamnesis). The signs of haemangioma were revealed in the
place of former liver metastasis (Ultrasound data) in one year following the psychoimmuno‐
logical cancer treatment.

Patient № 10 is alive, and catamnesis was two years without substantial negative dynamics.
Multiple foci of fibrosis and calcification were discovered by computed tomography.

Patient № 11 is alive, and catamnesis was 6.8 years after psychoimmunological cancer
treatment had finished. A very interesting fact was revealed during the research. After massive
stress (she found out about her daughter’s drug addiction), a quick development of the cancer
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disorders that were not consistently removed with psycho-correction techniques and failed to
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place of former liver metastasis (Ultrasound data) in one year following the psychoimmuno‐
logical cancer treatment.

Patient № 10 is alive, and catamnesis was two years without substantial negative dynamics.
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Patient № 11 is alive, and catamnesis was 6.8 years after psychoimmunological cancer
treatment had finished. A very interesting fact was revealed during the research. After massive
stress (she found out about her daughter’s drug addiction), a quick development of the cancer
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disease was observed and within seven days the size of the metastasis in the only kidney
increased from 38 × 23 mm to 41 × 32 mm. After the effective relief of psychoemotional
disorders, metastasis regression to 12 × 11 mm was observed.

Patient № 14 is alive, and catamnesis was 1.1 years. Multiple foci of osteosclerosis without
negative dynamics were observed (on computed tomography).

Patient № 16 is alive, catamnesis was four years. Negative dynamics were not observed,
pneumosclerosis foci and extensive fibrotic process were observed in the mediastinum (on
computed tomography).

3.4.1. Clinical case (patient № 9)

We have observed the unique clinical case of the cancer patient with malignant melanoma,
who refused to receive mutilating surgery and chemotherapy but approached us for psycho‐
logical help.

Patient № 9, 55 years old, an accountant. In autumn 2004, melanoma localized on the neck on
the left side was histologically verified. The patient turned to us on 20 January 2005. It was
examined that the patient had a primary focus (40 x 35 mm) and multiple metastases in the neck
(20 mm), supraclavicular (35 mm) and axillary (20 mm) lymph nodes on the left (see Figure 3).

 

Patient № 11 is alive, and catamnesis was 6.8 years after psychoimmunological cancer 
treatment had finished. A very interesting fact was revealed during the research. After 
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Figure 3. Localization of malignant neck melanoma, patient № 9. 
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Figure 3. Localization of malignant neck melanoma, patient № 9.

Ultrasound examination of the primary tumour revealed the depth of tumour invasion in the
tissues of the neck to be 25 mm.

After examination the patient was diagnosed with a psychogenic medical history (she lives
with a disabled husband, who is an alcoholic), mixed anxiety and depressive reaction (F43.22)
and the lack of inhibition of specific anti-tumour activity of the immune system, defined by
the absence of DTH skin reaction on TAA. We observed that patients with a similar localization
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of melanoma die within four to six months due to profuse bleeding from the tumour foci and
frequent metastasis to the brain. From 21 January to 4 February 2005 the patient underwent a
course of hypnotherapy consisting of four treatment sessions and two sessions of self-hypnosis
training. After treating the patient with HSP (5 February 2005), along with an improvement in
general state of health and relief of anxiety and depressive disorders, positive changes were
seen in a number of objective indicators.

Thus, DTH skin reaction on TAA increased from 15 mm (before HSP) to 40 mm (after HSP)
and maintained for two days, the absolute number of peripheral blood lymphocytes increased
three times: from 709 to 1 mm3 (before HSP) to 2244 in 1 mm3 (after HSP).In addition there was
a change of the vegetative (autonomic) nervous system, which was assessed by heart rate
variability (HRV) [31]. HRV is the assessment of individual differences in emotional reactions,
particularly in relation to social processes and mental health [32]. The total energy spectrum
analysis (TP of HRV) increased 20-fold: from 213 ms2 (before HSP) to 4260 ms2 (after HSP). In
addition there was a reduction in the ratio of LF/HF (normalized units) five-fold: from 2.76
(before HSP) to 0.53 (after HSP), indicating a change of state of sympathicotonia to the state of
parasympathicotonia and this is a confirmation of the clinical fact of depression relief [33].
After the completion of HSP the patient conducted daily self-hypnosis sessions in accordance
with our proposed programme, the content of which was aimed at forming a dense imper‐
meable capsule around the tumour foci, which like a ‘plaster cocoon walls up, squeezes and
strangles tumour foci’. After several self-hypnosis daily sessions lasting one hour each of the
pronounced swellings of the left side of the neck and supraclavicular area with transition to
the chest were observed (see Figure 4); body temperature rose up to 38ºС; and itching of the
tumour foci appeared.
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tissues of the neck to be 25 mm. 
 
After examination the patient was diagnosed with a psychogenic medical history (she lives 
with a disabled husband, who is an alcoholic), mixed anxiety and depressive reaction (F43.22) 
and the lack of inhibition of specific anti-tumour activity of the immune system, defined by the 
absence of DTH skin reaction on TAA. We observed that patients with a similar localization of 
melanoma die within four to six months due to profuse bleeding from the tumour foci and 
frequent metastasis to the brain. From 21 January to 4 February 2005 the patient underwent a 
course of hypnotherapy consisting of four treatment sessions and two sessions of self-
hypnosis training. After treating the patient with HSP (5 February 2005), along with an 
improvement in general state of health and relief of anxiety and depressive disorders, positive 
changes were seen in a number of objective indicators. 

Thus, DTH skin reaction on TAA increased from 15 mm (before HSP) to 40 mm (after HSP) 
and maintained for two days, the absolute number of peripheral blood lymphocytes increased 
three times: from 709 to 1 mm3 (before HSP) to 2244 in 1 mm3 (after HSP).In addition there 
was a change of the vegetative (autonomic) nervous system, which was assessed by heart 
rate variability (HRV) [31]. HRV is the assessment of individual differences in emotional 
reactions, particularly in relation to social processes and mental health [32]. The total energy 
spectrum analysis (TP of HRV) increased 20-fold: from 213 ms2 (before HSP) to 4260 ms2 
(after HSP). In addition there was a reduction in the ratio of LF/HF (normalized units) five-fold: 
from 2.76 (before HSP) to 0.53 (after HSP), indicating a change of state of sympathicotonia to 
the state parasympathicotonia and this is a confirmation of the clinical fact of depression relief 
[33]. After the completion of HSP the patient conducted daily self-hypnosis sessions in 
accordance with our proposed programme, the content of which was aimed at forming a 
dense impermeable capsule around the tumour foci, which like a ‘plaster cocoon walls up, 
squeezes and strangles tumour foci’. After several self-hypnosis daily sessions lasting one 
hour each of the pronounced swellings of the left side of the neck and supraclavicular area 
with transition to the chest were observed (see Figure 4); body temperature rose up to 38ºС; 
and itching of the tumour foci appeared. 
 

 
 

15 Feb 2005 

Swelling

Figure 4. Pronounced swelling of the neck tissues after organic-oriented self-hypnosis sessions
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The patient reported that ‘stifling of the tumour’ started. Within eight days the swelling
completely disappeared, along with a decrease in the size of metastatic lymph nodes in the
neck, supraclavicular and axillary regions. The patient continued, nearly on a daily basis, to
use self-hypnosis according to an organic-oriented suggestive programme ‘stifling of tumour
foci’. Nine months after the beginning of organic-oriented therapeutic autosuggestion (03
November 2005), the patient underwent ultrasound examination of the tumour foci.

The results showed regression of metastatic lymph nodes in the neck, in the supraclavicular
and axillary regions. A fibrous capsule (see Figure 5) formed deep in the tissues of the neck
throughout the borders of the tumour invasion of the primary tumour focus, which actually
corresponds to the content of curative autosuggestion.
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Figure 5. Fibrous capsule around the primary tumour in the depth of the neck tissues after self-hypnosis sessions (ul‐
trasound data).

Further observation showed that endophytic growth of the primary tumour focus changed to
exophytic growth (tumour acquired an exophytic form on the leg with a base of 23 mm) with
the regression of metastatic lymph nodes in the neck, in supraclavicular and axillary regions
(see Figure 6).

Hereinafter, a slow progression of the cancer process with a gradual increase of phenomena
cachexia was observed. The patient died on 14 April 2008. Despite the expected death, it can
be stated that the cancer patient had been able to live an active life for three years without
surgeryon the neck melanoma.
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Figure 6.Exophytic growth of melanoma with metastasis regression in the lymph nodes of the 
neck and supraclavicular area against self-hypnosis treatment sessions 

4. FEATURES OF OUR APPROACH

4.1. The peculiar properties of mental disorders in advanced cancer patients with a 
psychogenic medical history

The study of psychogenic medical history showed that all patients were in a state of obvious 
emotional stress before cancer diagnosis (on average for one and a half years), which was 
caused by psychotraumatic events such as death of a close person, divorce, frequent family 
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‘deneurotization’. This phenomenon is clinically manifested by blurry, non-deployed with
denial to accept, so cancer patients themselves do not consider their mental condition to be
sick but quite natural and situationally understandable, though very painful subjectively. This
deneurotization syndrome is hard to define according to DSM-IV or ICD-10. In addition, some
advanced cancer patients are observed with conditions of dissociative disorders that manifest
themselves through an inconsistency of psychometric assessments to clinical studies. In other
words, psychoemotional disorders in a clinical study are obvious, but psychometric parame‐
ters are within the normal limits, and vice versa. Deneurotization and dissociative disorders
can insidiously hide the true extent of the level of psychopathology in advanced cancer patients
and may be the cause of undiagnosed mental disorders. Thus, the study of psychiatric
morbidity through a self-reported screening instrument without clinical examination does not
provide a fair view of psychopathology in cancer patients.

4.2. HSP as a method of choice for the quick correction of mental disorders in advanced
cancer patients

For the fastest and most effective correction of psychoemotional disorders in advanced cancer
patients, a combination approach was selected that involves the simultaneous use of psycho‐
tropic drugs and hypnotherapy. This approach was driven by the severity of the psychopa‐
thology of advanced cancer patients and the possibility of rapid progression of the cancer
disease. It should be noted that hypnotherapy differs from other methods of psychotherapy
by its high efficiency and velocity of clinical benefit achievement, including in oncology [35].
Thus, comparative analysis has shown that after 600 sessions of psychoanalysis 38% of patients
reported feeling better, after 22 sessions of behavioural therapy 72% of patients reported a
positive result, and after six sessions of hypnotherapy 93% of patients referred to the desired
effect [36].

Our 26 years of clinical experience confirm the major clinical capabilities of hypnosuggestive
psychotherapy in the correction of mental and psychosomatic disorders. In particular, we first
discovered the phenomenon of psychogenic mobilization of CD34+CD38- stem cells [37] and
an increase in telomere length in peripheral blood mononuclear cells in cancer patients during
hypnotherapy [38]. Later, this phenomenon was to some extent confirmed by other researchers
using psychosocial telephone counselling intervention [39]. It should be noted that because of
the state of hyper-suggestiveness of advanced cancer patients there is a risk of the formation
of hypnotic dependence (hypnomania), so the number of HSP sessions was limited to six
sessions of hypnotherapy.

4.3. DTH skin reaction on TAA as a biomarker of removing mental disorders in cancer
patients

It can be assumed that the spontaneous increase in the specific anti-tumour activity of the
immune system, as determined by DTH skin reaction on TAA, reflects a relief of the psycho‐
genic immunosuppressive effects of higher nervous activity on the anti-tumour activity of the
immune systems of advanced cancer patients. In fact, the DTH skin reaction appeared to be a
kind of biological marker of the presence or absence of psychoemotional disorders in advanced
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cancer patients with a psychogenic medical history. It can be assumed that the initial absence
of correlation between the DTH skin reaction and psychometric parameters was likely caused
by the disintegration processes in the organism of advanced cancer patients inter alia by the
violation of the interaction of the two main integrative systems of the body, which are the
nervous and immune systems. The systemic impact (medication and psychotherapy) on higher
nervous activity in cancer patients is accompanied by the gradual recovery of damaged
linkages between the nervous and immune systems of the body. These data indicate a
significant effect of higher nervous action on the anti-tumour activity of the immune system
of advanced cancer patients with a psychogenic medical history.

4.4. Features of immunoactivation

The main task of the immunoactivation stage was to stimulate the specific anti-tumour
immunity of advanced cancer patients by immunological methods after a spontaneous
increase of their immune system’s anti-tumour activity resulting from the sustained relief from
psychoemotional disorders. Presumably, the effective activation of the specific anti-tumour
immunity had to have a positive impact on the course of the cancer disease. We have therefore
developed a method of epicutaneous (scarification) activation of specific anti-tumour immun‐
ity and an extracorporeal activation method using a small amount of peripheral blood. Both
methods in preliminary studies have shown high effectiveness and safety in clinical practice
(unpublished data). It should be noted in particular that the very low dose of TAA adminis‐
tered per epicutaneous led to systemic reactions in the whole body. It can be assumed that
such a clinical effect was due to the specific systemic immune responses associated with the
capture of TAA by antigen-presenting epidermal Langerhans cells and the migration of these
cells to regional lymph nodes and antigen-presenting TAA. The latest data indicate a greater
potential of CD8+ cell activation by Langerhans cells [40]. The antigen-presenting TAA in the
lymph nodes leads to activation and clonal expansion of antigen-specific T cells and the
subsequent development of specific inflammation in metastatic tumour foci. We observed the
systemic clinical manifestations of these processes on the third day.

4.5. Mind and tumour encapsulation

Scientific and clinical evidence shows that cancer has always been primarily a local tissue
process. Ideally the focus of the tumour should be immunogenic, and is supposed to be
recognized by the immune system as allogeneic, and thus localized (delimitated) and de‐
stroyed by the cell-effectors of specific anti-tumour immunity. In this case, the encapsulation
process is a universal natural mechanism of localization of anything allogeneic in the body. This
fully applies to the localization of malignant tumour formation. A fibrous capsule of a differ‐
ent density around the tumour foci has always been observed in experimental animals. It is
interesting that the structure of the extracellular macromolecule matrix in capsules around the
malignant and benign tumours does not differ [41]. In clinical practice, we often see a favoura‐
ble course of cancer regardless of the tissue localization when a dense fibrous capsule is formed
around the tumour foci. In fact, the formation of a fibrous capsule is associated with low levels
of cancer recurrence, and a capsule can serve as a mechanical and chemical barrier to metasta‐
sis [42]. Other authors in clinical practice found that the encapsulation of the tumour was an
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important favourable prognostic factor for survival without signs of cancer disease [43]. In this
regard, we have developed an organic-oriented treatment programme for self-hypnosis, which
could presumably have a decreased trophic effect on tumour tissue and contribute to the
induction of tumour encapsulation. The examined clinical case confirms what is known about
the significant impact of the brain and higher nervous activity on cancer [44]. Furthermore, this
case presents new data on the possible nutritional (trophic) effects on tumour tissue and on
suppressing the cancer process by deliberate action on higher nervous activity in cancer patients.

4.6. ‘Cancer reparative trap’: the pathophysiology of cancer in cancer patients with a
psychogenic medical history

Analysis of the literature led to the conclusion of the existence of the physiological inhibition
of specific anti-tumour immunity in the reparative process (see Figure 7).

2 

 
 
 
 
 

Page
No. 

Line 
No. 

Could you replace the figure? The correct figure is shown below. 
15 Fig. 5. 

Page
No. 

Line 
No. 

Could you replace the figure? The correct figure is shown below. 
19 Fig. 7. 

Neck skin’s surface 

03 Nov 2005 

Primary 
tumour 

Fibrous capsule formation 

Figure 7. The pathophysiology of cancer in cancer patients with psychogenic medical history.

This local inhibition is observed in local tissue damage as a result of chemical, physical or
biological exposure. For the successful healing of tissue damage, local inflammation with
known cell, cytokine and vascular reactions develops in the focus. The key factor for successful
tissue repair is temporary local suppression of specific anti-tumour immunity in order to avoid
the elimination of proliferating cells in the damaged tissue. After completing the repair process,
the local inflammation is reduced and the activity of anti-tumour immunity is restored. This
natural physiological mechanism of tissue repair may become pathophysiological, i.e., as a
result of chronic psychoemotional stress in the body, many foci of the stress microdamages of
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different tissues, which cause the formation of numerous foci of inflammation, are constantly
formed. Because of the large number of inflammatory lesions in the body, there is a constant
imbalance of immune reactions in the direction of maintaining reparative processes. This
imbalance is accompanied by the constant systemic oppression of specific anti-tumour
immunity. Under these conditions cancer tumour cells are able to grow, while the existing
tumour in the body creates the possibility of the spreading of cancer. It can be stated that, in
cancer patients with a psychogenic medical history, psyche is the leading factor in the
development and metastasizing of cancer.

The leading role of the central nervous system in the generalization of cancer has also been
shown in an animal model: in the paper of Erica Sloan and colleagues from Monash University,
Melbourne, Australia, a 30-fold increase in metastasis to distant tissues from primary tumours
was demonstrated in stressed mice [45]. In general, the presented cancer pathophysiological
process in cancer patients with a psychogenic medical history can be called a ‘cancer reparative
trap’ when permanent tissue damage requires constant repair with the appropriate suppres‐
sion of anti-tumour immunity.

It should be noted in particular that permanent tissue damage is also observed to be influenced
by the organism’s chemical, physical and biological carcinogens. Thereby, cancer is a disease
of an organism that is located in the reparative trap. Any additional damage in the body of an
advanced cancer patient with a psychogenic medical history, including surgery, chemother‐
apy, or radiation therapy, enhances the phenomenon of a ‘cancer reparative trap’. The
elimination of mental disorders in cancer patients with psychogenic carcinogenesis leads the
patient’s body out of a ‘cancer reparative trap’ by creating the conditions for managing the
cancer process and increasing the efficiency of standard cancer therapy.

4.7. The role of the mind in the generalization of the cancer process

The cellular and molecular factors and mechanisms of cancer’s generalization have been
presented in detail; the determinants of invasiveness and the invasion-metastasis cascade have
been studied [46]; and the tumour-induced immunosuppressive network has been shown [47].
There is also evidence that biobehavioural risk factors such as social adversity, depression, and
stress are involved in cancer progression [48, 49]. As mentioned above, researchers found a
30-fold increase in cancer spread throughout the bodies of stressed mice, compared with those
that were not stressed. Chronic stress acts as a kind of fertilizer that feeds breast cancer
progression, significantly accelerating the spread of the disease in animal models [45, 50].It
can be argued with a certain degree of confidence that chronic stress is also a kind of fuel for
the growth and generalization of human cancer. The results of this study suggest that the
decisive role in the generalization of the cancer process for the category of advanced cancer
patients with a psychogenic medical history is the psychogenic factor. This factor is shown in
the form of psychogenically determined mental disorders (depressive and/or anxiety disor‐
ders), which activate and maintain the cellular and molecular mechanisms of carcinogenesis,
and open the way to the generalization of the cancer process (see Figure 8).

As can be seen in Figure 8, psychoemotional disorders (depressive and/or anxiety disorders)
in cancer patients during CPES are accompanied by the disintegration of the major systems in
the brain [51], in particular the persistent presence of the sympathetic-adrenal-medullary and
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hypothalamic-pituitary-adrenal systems prevalence (fight or flight response). In the CPES state
the central nervous system exerts downward tonic effect on the ‘target organs’, accompanied
by permanent disturbances of micro-circulation to form in the tissue where the cell’s damage
occurred (including DNA damage) by the products of oxidative-nitrosative stress (endoge‐
nous mutagens). Permanent tissue damage in the body simultaneously accompanied sanoge‐
netic processes in order to repair damaged tissue with mandatory reciprocal inhibition of anti-
tumour immunity for tissue healing. This is due to the fact that, with the restoration of normal
tissue, proliferating cells always express a number of tumour-associated antigens; in case of
the high activity of anti-tumour immunity repair processes would be difficult, since normal
proliferating cells would be recognized as tumour-transformed.

The reparative focus of the immune systems of cancer patients with a psychogenic medical
history is shown in a shift of balance T-helper-1/T-helper-2 lymphocyte subpopulations in the
predominance of T-helper-2 lymphocyte subpopulations and a significant increase in the
tissues of alternatively activated macrophages (M2 macrophages). These M2 macrophages
secrete IL-10, CCL17, CCL22, CCL18, IL-1RA, and IL-1R decoy. M2 macrophages are active
workers of the host, promoting the scavenging of debris, angiogenesis, remodelling, and repair
of wounded/damaged tissues [52].

It is known that alternatively activated macrophages in tumour foci orient the immune
response towards the activation of repair processes in cancer centres, supporting them in
inflammation and angiogenesis, i.e., determining tumour growth and metastasis [53]. In
tumour foci M2 macrophages take up to 50% of the tumour mass [54]. It should be particularly
noted that the induction of M2 macrophages is influenced by stress hormones – corticosteroids
[52]. Thus, there is every reason to believe that the growth of the tumour and the generalization
of cancer in the body of patients with a psychogenic medical history are determined by the
phenomenon of the reparative focus (direction) of their immune system.

Our clinical observations suggest that cancer patients in general (and with a psychogenic
medical history in particular) suffer colds, bacterial and fungal diseases no more and for no
longer than healthy people. This points to the selective suppression of anti-tumour immunity
but not completely compromising the immune system of cancer patients. Moreover, almost
all cancer patients note a common or even accelerated healing of wounds, cuts, and scratches.
These clinical data also reflect the reparative orientation of the immune system of cancer
patients. In our view, the need to prove empirically the categorical prohibition of any cancer
patient physiotherapy, enhancing tissue repair processes in the body, is connected with this
phenomenon. The abovementioned fully applies to some psychotherapy. In particular, for
cancer patients with psychoemotional disorders that have not been eliminated, the use of
various relaxation techniques as well as self-hypnosis a hypnotic inductions of warmth,
improvement of blood supply and other trophically-oriented hypnotic inductions, result in
the rapid progression of the cancer process. Moreover, cancer patients with psychoemotional
disorders that have not been eliminated who relax at the spa, make tourist trips and so on to
relieve stress, relax, escape, and recover, often experience progression of the cancer process
shortly after returning home.

Thus, the generalization of cancer in cancer patients with a psychogenic medical history
depends on the availability of psychoemotional disorders that have not been eliminated
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associated with compromising their anti-tumour immunity. In this regard, early detection and
relief of psychoemotional disorders in cancer patients with a psychogenic medical history
could prevent the transition of these patients to the category of advanced cancer patients. At
the same time, advanced cancer patients with a psychogenic medical history may have a more
favourable prognosis after they receive pathogenetically substantiated psychoimmunological
treatment.

5. Further research

Clinical practice shows that there are always those with frequent inexplicable recurrences
of  cancer,  resistance  to  cancer  therapy,  rapid  generalization  of  the  cancer  process  and
common side effects  of  cancer treatment.  Many of  these cancer patients  are likely to be
those with a psychogenic medical history. In order to conduct the successful treatment of
such difficult cancer patients, the efficient impact on higher nervous activity of extensive
drug and non-drug resources is  required.  The psychogenic  factor  is  a  major  pathogenic
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factor in cancer patients with a psychogenic medical history (psychogenic carcinogenesis),
which operates continuously at all stages of cancer, unlike chemical, physical and biologi‐
cal  carcinogenesis.  This  is  particularly  important  for  clinical  practice,  since  it  makes  it
possible  to  develop  a  new  approach  to  pathogenesis-based  therapeutic-diagnostic  and
rehabilitation cancer therapies (see Figure 9).

At the diagnostic stage, the group of cancer patients for which the psychogenic factor is patho‐
genetically significant can be distinguished. For this patient group we earlier proposed the
clinical criteria of psychogenic carcinogenesis and developed a diagnostic test for the evalua‐
tion of the specific anti-tumour activity of the immune system [25]. At this stage, as in the
subsequent stages of cancer, the integrative-oncology approach is required, involving psychi‐
atric or clinical psychological assistance.

At the therapeutic stage, the purposeful detection of mental disorders in cancer patients and their
efficient elimination in combination with the standard therapy of cancer is required. It is
necessary to develop new drugs in order to conduct standard cancer therapy with a simulta‐
neous impact on higher nervous activity in cancer patients. The development of new drugs
and approaches to block the reparative orientation of the immune system in cancer patients is
also required. Perhaps this will be the application of low doses of cytotoxic drugs in combi‐
nation with nonsteroidal anti-inflammatory drugs and other drug combinations.
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Figure 9. Future promising clinical approaches to advanced cancer treatment.

At the additional cancer treatment stage and stage of cancer rehabilitation it is necessary to preserve
mental health and the specific anti-tumour activity of the immune system. In this regard, we
have developed and tested an anti-relapse psychoimmunological approach to the treatment
of advanced cancer patients with a psychogenic medical history using a special method of
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hypnotherapy and original techniques of epicutaneous and extracorporeal activation of
specific anti-tumour immunity.

Thus, the early diagnosis of cancer patients with psychogenic medical history and the use of
pathogenesis-based cancer treatment will allow reducing financial costs and improving the
results of cancer treatment.

6. Conclusion

The present study revealed there to be a special group of advanced cancer patients by the
presence of their psychogenic medical history, comorbid psychoemotional disorders, and
suppressed specific anti-tumour activity of the immune system. The above mentioned
characteristics, we believe, are the clinical criteria of psychogenic (stressful) carcinogenesis
[25]. Therefore, the comorbid psychoemotional disorders of this group of advanced cancer
patients have a major influence on the course and outcome of the cancer disease. These patients
need to receive a special psychoimmunological treatment, consisting of two strictly sequential
steps: elimination of psychoemotional disorders, and activation of specific anti-tumour
immunity. At the same time, the impossibility of the sustained relief of psychoemotional
disorders in advanced cancer patients at the first stage of cancer treatment excludes a further
transition to the immunoactivation stage, and can be considered to be an adverse prognostic
factor with regard to the lives of these patients. The results of this study are preliminary and
require further clinical evidence on a larger contingent of patients with cancer, and may be
interesting to various professionals involved in treating advanced cancer patients.
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1. Introduction

Pain is one of the most frequent and distressing symptoms occurring in cancer patients. Pain
is present in 36–61% of cancer patients depending on the histopathological tumor type, on the
stage of disease, and patient setting.[1, 3]

Sixty-four percent of patients with advanced cancer are believed to experience substantial pain
as a consequence of the neoplastic condition.[4]

Unfortunately, cancer pain is often neglected and undertreated, resulting in a significantly
unfavorable impact on the quality of life of the patients and their families. [5]

The National Cancer Institute estimates 1, 660, 290 new patients to be diagnosed with cancer,
and about 580, 350 Americans were expected to die from cancer in any sites in 2013. [6]

Cancer pain management relies upon a comprehensive assessment characterized by pain
symptoms in terms of phenomenology and pathogenesis, assessing the relation between pain
and the causative disease, and clarifying the impact of pain and related co-morbidities on the
patient’s quality of life.

Despite recent improvements in the cancer management, obstacles to optimal cancer pain
management still remain.

Additionally, the lack of psychological and psychiatric support services to support the
treatment of cancer pain remains a serious issue.[7]

Hurdles to the treatment of cancer pain have been recognized, including a variety of educa‐
tional, attitudinal and institutional obstacles. As regards the education in pain management,
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there appears to be a deficiency in the training of physicians and nurses. Both physicians and
nurses indicated that "inability to properly assess the pain" and "inadequate knowledge about
pain management" ranked among the most relevant barriers preventing a multidisciplinary
approach to pain treatment and adequate cancer pain management. [8]

Despite the increasing availability of pain medications, pain continues to be deemed as
moderate-to-severe in more than 50% of cancer patients.

According to a recent population-based study, investigating cancer pain in eleven European
countries and Israel, 56% of patients suffered from moderate to severe pain in the previous
months, and 69% reported pain-related difficulties hindering everyday activities. [9]

A systematic review completed in 2007 showed that cancer pain is present in 64% of patients
with metastatic, advanced disease, in 59% of subjects undergoing cancer-related therapies.
Despite effective, curative treatment, a moderate-to-severe pain intensity being reported in
more than one third of all cancer patients.

Pain is present in over 50% of cancer patients, reaching higher percentages in patients with
cancer at specific sites, such as stomach, uterus, lung, prostate, cervico-facial district, biliary
tract, breast, colon, brain, pancreas, cervix, and ovary. [10]

2. Cancer pain

The diagnosis of cancer is typically traumatic and full of uncertainties, due to its prognostic
implications and the need for demanding treatment regimens. The word "cancer" still remains
synonymous of "pain" and "death". Therefore, both mental and physical pain, in all the aspects
and intensity of their clinical expression, characterize every stage of the disease. [11]

Cancer can cause pain at any time during its course, with frequency and intensity of pain
tending to increase in the advanced stages. Indeed, roughly 75–95% of patients with metastatic
cancer will experience significant amounts of cancer-induced pain.

According to the International Association for the Study of Pain (IASP), pain is defined as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage.” Pain occurring to cancer patients is defined
as "total pain" (or "global suffering"), since people with cancer tend to manifest a wide array
of functional needs (at a psychological, social, spiritual and existential level) that ought to be
recognized and addressed in their complexity.

Relief of pain should, therefore, be seen as part of a comprehensive strategy of care addressing
physical, psychological, social, and spiritual aspects of suffering. Physical aspects of pain
cannot be treated separately from psychological aspects, whereas patients’ anxieties cannot be
effectively addressed while patients are physically suffering.

Therefore, all various components of cancer pain should be addressed simultaneously.

Knowledge of the mechanisms of pain has improved considerably over the past few years. We
now know that physical injuries, pain pathways, and the emotional processing of this infor‐
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now know that physical injuries, pain pathways, and the emotional processing of this infor‐
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mation are connected with each other within the nervous system. Anxiety, fear, and insomnia
are re-elaborated at the level of the limbic system and the cortex. As a result, the brain responds
sending signals back to the spinal cord and, thus, modifies the pain input at spinal levels. The
spinal cord sends further impulses back to the brain, establishing in this way a reinforcing
loop. [12]

Figure 1. Factors affecting patient's perceptions of pain (adapted from Waycross RG, Lack SA, Therapeutics in terminal
disease, London: Pitman, 1984) from : Principles of control of cancer pain BMJ 2006; 332

Pain is a subjective, heterogeneous experience, affected by patient’s genetic background,
anamnestic record, mood, expectations, and culture. Cancer pain can be classified according
to a number of different features (i.e., etiology or physiopathology).

There is a wide array of potential causes resulting in pain in cancer patients. Indeed, the painful
experience involves inflammatory, neuropathic, ischemic, and compression mechanisms
occurring in multiple sites. [13]

This section highlights some of the most common causes of pain in cancer patients:
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• diagnostic or therapeutic procedures (bone marrow aspiration or biopsy, lumbar puncture)
that may result in acute somatic pain, and may require specific premedication protocols as
well as analgesic treatments for several days following the mentioned procedures.

• acute postoperative pain or postsurgical syndromes (i.e., following tumor debulking or
radical neck dissection) need to be treated with patient-controlled analgesics in selected
patients. Such drugs may include cyclooxygenase-2 inhibitors, selective non-steroidal anti-
inflammatory drugs (NSAIDs), calcium ligand-gated ion channel anticonvulsants, in
addition to pre-procedural local anesthetic nerve blocks.

• direct tumor involvement may cause a painful experience which is often described as
constant, aching, gnawing, and well localized (as a result of vascular obstruction or invasion,
or mucous membranes ulceration).

Bone metastases are another common responsible of cancer-related physical impairment. Such
causes of cancer pain may lead to nociceptive (somatic and visceral), neuropathic, or mixed
pain; they may occur in combination with acute or active disease, subacute disease, or chronic
disease undergoing palliative care-as well as disease in complete remission with residual
effects.

Other sources of pain may include pathologic or osteoporotic stress fractures, and osteonec‐
rosis (following steroids or Radiotherapy). Chemotherapy (CT) side effects may include
mucositis, while Radiotherapy (RT) side effects may present as odontophagia, mucositis, or
burns.

Lymphedema resulting from RT or surgical excision may result in painful swelling surround‐
ing the affected region or the extremities, eventually leading to painful cellulitis or skin
ulceration. A painful scar or keloid may occur following wound healing, carrying an increased
risk of wound-site neoplasms.

A controversial aspect related to iatrogenic pain is the phenomenon of hyperalgesia observed
during chronic treatment with opioids; although the exact mechanism underlying this
phenomenon is still unknown, it seems to be related to tolerance to opioid drugs administered
chronically, repetitive stimulation of spinal NMDA receptors, dynorphin activity at the spinal
level, specific abnormalities of central processes regulating the neural transmission to the
nerve, and a possible action of cholecystokinin at the central nervous system level. [14]

3. Cancer pain: Pathogenetic classification

Onset and assistance of pain during the clinical course of cancer may stem from direct mass
effect, relationship between tumor and host, iatrogenic damage; from a physiopathological
standpoint, cancer pain may be classified as follows: [15]

• Nociceptive pain due to invasion/ulceration of surrounding tissues;

• Inflammatory pain through the classical cascade of acute inflammation;
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• Neuropathic pain due to tumor infiltration / compression of nerves, plexuses, or nerve roots,
remote effects of malignant disease on peripheral nerves or side effects of pharmacological
treatments. [16]

Cancer pain shares the same neurophysiologic pathways as non-cancer pain. Such nociceptive
mechanisms involve activation of sensory afferents by persistent noxious stimuli, signal
transduction, transmission, modulation, and, finally, pain perception. [17]

4. Nociceptive pain

Nociceptive pain stems from an acute or persistent injury to somatic or visceral tissues. Somatic
nociceptive pain is described by patients as "aching", "stabbing", or "throbbing", and arises
from injury to bones, joints or muscles. Visceral nociceptive pain results from injury to viscera.
It is poorly localized and is reported as "cramping" or "gnawing", especially when it involves
a hollow viscus (e.g. bowel obstruction). Conversely, visceral nociceptive pain may be
described as "aching", "stabbing", "sharp", and it is similar to somatic nociceptive pain,
whenever it involves other visceral structures (e.g. organ capsules, myocardium). Visceral pain
is often referred to somatic sites due to the convergence on somatic afferents within the dorsal
root ganglia and dorsal horns. [18]

Stimuli from tissue injury activate primary afferent neurons called nociceptors, located in the
skin, muscles, joints, and visceral organs. Nociceptors are high-threshold receptors, i.e. they
are silent unless significantly stimulated. [19]

Most nociceptors are polymodal, responding to thermal, physical, and chemical stimuli.
Neuron cell bodies are located within the superficial laminae of the dorsal root ganglia and
trigeminal ganglia. Once depolarization occurs, transmission advances proximally via thin
myelinated A-δ fibers (fast) or reduce unmyelinated C fibers (slow). Interneurons within
laminae I and II of the dorsal horn amplify or neurotransmission. Afferent axons end in lamina
I or II, and second-order afferent neurons cross the midline and ascend to the brainstem and
thalamus through the anterolateral quadrant of the controlateral half of the spinal cord.
Together with axons from second-order lamina I neurons, these fibers form the spino-thalamic
tract, which is the major ascending pathway with regard to information about pain and
temperature. Sensory fibers, associated with affective responses, also ascend in the contro-
lateral dorsolateral spinal cord to the medial thalamus or brainstem and, then, to the cingulated
cortex and limbic lobe. Downward modulation occurs through the periaqueductal gray (PAG)
and rostral ventral medulla (RVM) with axons that run across the dorsal lateral funiculus. The
axons just mentioned, modulate pain directly through connections to secondary afferent
neurons in the dorsal horn or via connections with interneurons in laminae I and II.

The neurochemistry of these processes involves multiple neurotransmitters including endor‐
phins, prostaglandins, gamma-amino-butyric acid (GABA), cannabinoids, and many others
molecules, that are all targets for analgesic medications.[20]

The spine is the most common target of bone metastases, with affected patients experiencing
back pain. Direct extension of a vertebral tumor may lead to spinal cord or nerve roots damage,
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thereby producing substantial neurological compromise. Back pain deriving from vertebral
metastases is, therefore, a marker of an increased risk of epidural spinal cord or cauda equina
compression.

Figure 2. Detection by sensory neurons of noxious stimuli produced by tumours. Figure from Molecular mechanisms of
cancer pain. Mantyh PW, Clohisy DR, Koltzenburg M, Steve P. Hunt. Nature reviews | Cancer Volume 2 | March 2002

5. Inflammatory pain

Any given neoplasm harbors several non-cancerous cell types, including immune-system cells
such as macrophages, neutrophils, and T cells. These cells may secrete various sensitizing
factors, or excite directly primary afferent neurons, such as prostaglandins [21, 22], tumor
necrosis factor-α (TNF-α) [23, 24], endothelins [25], interleukin-1 and interleukin-6 [26, 28],
epidermal growth factor [29], transforming growth factor-β [30], and platelet derived growth
factor. [31, 33] Indeed, specific receptors for these factors are by expressed primary afferent
neurons.

Intra- and extracellular pH of solid tumors is lower than that of the surrounding normal
tissues. [34]

Local acidosis — secondary to the accumulation of acid metabolites — is a hallmark of tissue
injury. [35]

The finding that sensory neurons can be directly excited by protons or acidic compounds has
generated sizable interest among basic and clinical researchers. [36]
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Studies have shown that several subsets of sensory neurons express different acid-sensing ion
channels [37]. The two main classes of acid-sensing ion channels, expressed by nociceptors,
are Vanilloid receptor subunit (VR1) [38, 40] and the acid-sensing ion channel-3 receptors
(ASIC3). [41]

Both  these  types  of  channels  are  sensitized  and  excited  by  a  decrease  in  pH.  More
specifically, VR1 is activated when the pH falls below the value of 6.0, whereas the pH-
induced activation of ASIC3 seems to depend on the co-expression of other ASIC chan‐
nels by the same nociceptor. [42]

There are several mechanisms by which tumors may induce a decrease in pH. As inflammatory
cells invade the neoplastic tissue, they release protons generating local acidosis. The increased
frequency of the apoptotic phenomenon within the neoplastic microenvironment contributes
to acidosis, as apoptotic cells release intracellular ions in order to create a more acidic pH, thus
activating the specific signaling by acid-sensing channels that are expressed by nociceptors.
Tumor-induced release of protons and acidosis are thought to be particularly important in the
generation of bone cancer pain. Both osteolytic (bone-destroying) and osteoblastic (bone-
forming) metastases are characterized by osteoclast proliferation and hypertrophy [43, 45]
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Figure 3. The tumor–nociceptor interface. Figure modified from: Farmaci e Dolore. Di Iorio P. In Saggini R, Buoso S,
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6. Neuropathic pain

Tumors are not densely innervated by sensory neurons. [46, 47] Rapid tumor growth, however,
frequently entraps surrounding nerves, causing mechanical injury, compression, ischemia or
direct proteolysis.

Proteolytic enzymes that are produced by the tumor cells may cause injury to the sensory and
sympathetic fibers, causing neuropathic pain.

Although the mechanisms that generate and keep up neuropathic pain are still not well
understood, several therapies have proved to be useful for the control of neuropathic pain in
the general population. Recently, the first animal model of cancer pain was developed through
the injection of mouse osteolytic sarcoma cells into the intramedullary space of the mouse
femur. A crucial component of this model is that the tumor cells are confined to the marrow
space of the injected femur, without invading adjacent soft tissues. Once injected, the cancer
cells proliferate, and both basal and movement-evoked pain responses increase as the tumor
develops. These seem to be produce the same responses of patients with primary or metastatic
bone cancer. [48, 50]

Additionally, the therapies aimed at tumor-cell eradication (such as chemotherapeutic agents)
may also cause significant nerve fibers damage and lead to ensuing pain.

Potential mechanisms by which chemotherapeutic agents (such as paclitaxel and vincristine)
may cause peripheral neuropathy include their ability to disrupt tubulin function. Tubulin
polymerization is necessary for axonal transport of trophic factors, and drugs that interfere
with this process may cause degeneration of sensory neurons and release of pro-inflammatory
cytokines that sensitize directly the primary afferent nociceptors. [51] Chemotherapy-induced
polyneuropathy may early develop during the first cycle of treatment but, in most cases, it
appears 3-4 months after the first treatment.

Neuropathic pain is associated with dysesthesia, hyperalgesia, hyperpathia, and allodynia;
such sensory disturbances occur predominantly at peripheral level, distally and symmetrical‐
ly, over the upper and lower limbs with a “gloves and socks” distribution; painful disturbances
may spontaneously occur or be evoked by tactile or thermal stimuli, with a continuous or
intermittent course. [52]

Initially, the symptoms can be insidious and attributable to other conditions, becoming painful
in about 25% of patients. Patients with neuropathic pain may also show osteotendinous
hyporeflexia, impairment of proprioception, muscle cramps and hypotrophy, reduced muscle
tone with reduced muscular endurance, tremor, dystonia, and dyskinesia, resulting in
impairment of sensory-motor coordination and sensory ataxia. [53]

The incidence and severity of neuropathic pain are highly dependent on the type of chemo‐
therapy protocol (mono- or poly-therapy with cumulative doses over time), the association
with radiotherapy (RT), the age of patient, and co-morbidities such as diabetes, alcoholism,
paraneoplastic neuropathies and other diseases affecting the nervous system.
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In hormone-producing cancers deriving from endocrine tissues, the use of agents inhibiting
the production or the activity of relevant hormones is a common feature, with particular regard
to estrogens, progestins, androgens, corticosteroids, and thyroid hormones.

About 40% of women treated with aromatase inhibitors (AI) present joint and muscular pain
in a widespread, symmetrical distribution, often associated with morning stiffness that tends
to fade with movement, as well as sleep disorders. The onset of pain, usually mild-to-moderate
in intensity, typically occurs within the first few months after starting the therapy. Relevant
risk factors include: age over 60 years, obesity, recent menopause, rheumatic diseases, previous
chemotherapy and hormone replacement therapy, as well as use of anxiolytics and antide‐
pressants. Such symptoms are, most likely, related to the modification of the pain threshold
as a direct consequence of the reduction of circulating estrogens, which have a peripheral
antinociceptive effect and play an important role in the modulation of central pain. [54]

RT regimens play a synergistic role with CT, surgery, immunotherapy and hormone therapy
for the control of primary and secondary tumor lesions, being also potentially useful to reduce
the size or vascularization and bleeding of the tumor as well as to relieve the pain. With regard
to the use of RT in palliative care, edema and inflammation in the tissues treated with radio‐
therapy frequently cause recurring pain. Radiodermatitis, whose severity ranges from simple
rash to tissue necrosis, may result in skin discoloration with frequent association with
hyperpathia.

Lymphedema causes pain because of locoregional tension within soft tissues and joint traction.
These painful symptoms may even appear after a considerable time interval, being intensified
by the load and the mobilization but, in advanced cases, pain is present even at rest, resulting
in hypomobility and reduction of muscle tone.

Post-radiation fibrosis is a serious dose-dependent complication of RT and may involve the
lungs and the soft tissues; fibrosis of skin and subcutaneous tissues (mainly in the neck, face
and breast) results in hypomobility, compensatory postural defects, muscle and joint contrac‐
tures and pain.

Radiotherapy can also determine cervical and lumbar pain developing from a few months up
to several years after the beginning of the therapy.

A brachial plexus neuropathy (plexopathy) can occur due to radiation treatment for breast
cancer, head and neck or pulmonary apex, may represent a difficult differential diagnosis with
the possibility of neoplastic infiltration of the plexus.

Post-radiation plexopathies preferentially affect the upper roots (C5-C6), while direct infiltra‐
tion by neoplastic cells normally involves the lower trunks (C7-C8-T1). The clinical picture
may be initially characterized by dull and deep pain referred to the shoulder, armpit and arm,
usually of mild-to-moderate intensity, associated with tingling paresthesia in the distribution
root C5-C6-C7, followed by motor impairment, heaviness, predominantly proximal weakness,
and functional limitations, especially with regard to flexion and abduction. [56]

Coexistence of plexopathy following radiotherapy and postsurgical lymph edema may occur
as well, triggering a vicious circle in which limb pain is increased by the weight of the
lymphedematous limb determining motor and functional impairment.
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The progression of the neurological deficit occurs through multiple steps, with the final result
being the flaccid paralysis of the upper limb.

The lumbosacral plexopathy is a rare, adverse effect following irradiation for pelvic, abdomi‐
nal, uro-gynecological, or bowel tumors. In 50-75% of lumbosacral plexopathy cases, the
neuropathy starts at lower limbs level presenting as bilateral deficit affecting the distal surface
sensitivity and, to a lesser degree, proprioceptive sensitivity; the motor deficit, mainly
involving the districts innervated by the distal roots L5-S1 (55% of patients), presents as a
bilateral, asymmetrical lower limbs deficit, resulting in impairment of dorsiflexion of the foot
as well as gait and balance disorders. The coexisting pain radiating along the face of the
posterolateral thigh and leg increases the risk of falls in association with sensorimotor deficits.

Among patients undergoing RT for prostate cancer, 20% of cases may develop a challenging
neuropathy as earlier as after the first 12 months of RT, resulting in chronic pelvic pain often
associated with dysuria, dyspareunia, rectal tenesmus, and abdominal pain.

Spine irradiation may cause vascular damage, demyelination, and focal necrosis of the white
matter of the spinal cord, resulting in a post-RT myelopathy, which may be classified in acute,
sub-acute, and chronic subtypes, depending on the time of onset after RT.

Cancer pain syndromes may be further classified as acute and chronic syndromes.

Acute pain syndromes have a sudden, well-defined onset, present with an identifiable cause
(e.g. surgery). They are affected by sympathetic responses (fight or flight response), and are
expected to improve with adequate care. The acute form most commonly occurs in head and
neck cancers after treatment of the cervical-cephalic district, being characterized by a positive
Lehermitte sign, stabbing pains in the neck exacerbated by flexion of the head, and radiation
to the column and the limbs, with sensory, motor, and autonomic symptoms.

Chronic pain has a less distinct onset, shows a prolonged and fluctuating course, and is largely
driven by central sensitization. [57]

In chronic pain, the algic symptom, referred to the dermatomes at or below the levels treated
by RT, precedes the neurological signs and leads to increased difficulties in motor coordination
and execution of daily activities. The chronic form may present as transverse myelitis, with
tetraparesis or Brown-Sequard syndrome. [58]

A crucial question is whether the spinal cord and forebrain undergo significant neurochemical
changes while chronic pain develops. Studies involving the mouse model of bone metastases
pain, described above, revealed extensive neuro-chemical reorganization in the spinal cord
segments that receive input from primary afferent neurons innervating the tumor-bearing
bone.

Such changes include astrocytes hypertrophy, accompanied by decreased expression of
glutamate re-uptake transporters. [59, 60]

This results in increased extracellular levels of the excitatory neurotransmitter glutamate and
excitotoxicity within the central nervous system. The up-regulation of the proalgesic peptide
dynorphin was also observed in the spinal cords of tumor-bearing animals.
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Spinal-cord expression of dynorphin — a pro-nociceptive member of the opioid family [61,
62] - has been observed in animal models of neuropathic [63], inflammatory [64, 65], and
sarcoma-induced bone cancer pain states. Cancer pain induces, therefore, a state of central
sensitization, in which neurochemical changes in the spinal cord and forebrain promote an
increased transmission of nociceptive information.

Classically, the main emphasis when examining the ascending conduction of pain has been
placed on spino-thalamic tract neurons. This means that the general mood and attitude of the
patient might also be a significant factor in determining the intensity and degree of pain.

Clinical studies, however, have resulted in the revision of such thesis, showing that attenuation
of some forms of visceral cancer pain can be achieved by disruption of non-spinothalamic-tract
axons. [66]

Chronic pain entails adverse effects on various organ systems, as seen with non oncological
pain.

An inadequate treatment of pain has negative effects at the psychological, respiratory,
cardiovascular, endocrine and metabolic, and gastrointestinal levels. The persistently active
proalgesic stimulation affects both somatomotor neurons, generating reflex phenomena such
as muscle spasm, and sympathetic neurons, with norepinephrine-mediated activation
resulting in peripheral vasoconstriction, cardiac work increase, visceral hypotonia, and
gastrointestinal and genito-urinary incontinence.

Indeed, the persistence of pain determines augmented sympathetic nerve activity, with
increased release of catecholamines, antidiuretic hormone, (ADH), angiotensin II, aldosterone
system, and related cytokines. The activation of the sympathetic-adrenal axis with release of
corticotropin releasing hormone (CRH) and ADH activates a subset of processes that the body
normally implements when facing emergency situations: in particular, activation of catabolic
reactions (ie, those reducing the lean body mass) is accompanied by chronic fatigue and
insomnia, as seen when dealing with stressing situations.

Mood disorders (anxiety, apathy, depression) associated with catabolic metabolism are
accompanied by an imbalance in the levels of electrolytes, especially potassium. These changes
affect the excitable tissues (muscles and nerves) as potassium is a regulator key of the electricity
transmission; likewise, it may have effects on the nervous system and transmission of painful
signals.
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skeletal.
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muscular tissue leads, therefore, to a deregulation of glucose metabolism resulting in loss of
appetite or excessive and unjustified sense of hunger (typically during the night). These two
symptoms often alternate between each other.
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Dysregulation of cortisol release results in peripheral vasoconstriction and limbs muscles
catabolism. The inadequate cortisol regulation and the consequent loss of muscle mass can as
well affect the amount of adipose tissue, leading to a relative increase of the latter. Chronic
pain often predisposes to a complex series of physiological and psychosocial changes, which
are an integral part of the chronic pain issue, being added to the existing burdens occurring to
those who suffer. [67]

7. Chronic pain syndromes

Causes Disorders

Nociceptive somatic pain due to
bone metastases

Multifocal bone pain, vertebral pain syndrome in epidural spinal cord
compression, pain syndrome related to pelvis and hip, base of skull

Nociceptive somatic pain due to soft
tissue involvement

Headache and facial pain, ear and eye pain, pleural pain, muscle cramps

Nociceptive visceral pain due to
malignancy

Hepatic distention syndrome, chronic bowel obstruction, midline retroperitoneal
syndrome, malignant perineal pain, ureteric obstruction

Neuropathic pain due to malignancy Radiculopathies, mononeuropathies, plexopathies, neuralgias, peripheral
neuropathy

Antineoplastic therapies (i.e.
chemotherapy, radiation therapy,
hormonal treatments, surgery)

Peripheral neuropathy, chronic post-surgical pain (eg.mastectomy, thoracotomy,
neck dissection, pelvic surgeries), phantom limb pain, chronic radiation
myelopathy, chronic radiation plexopathy, chronic radiation proctitis and
enteritis, lymphedema pain, osteoradionecrosis

Table 1. Chronic pain syndrome

8. Breakthrough pain

Breakthrough pain is a common problem in patients with cancer, being associated with
significant morbidity. Currently, there is no universally accepted definition of ‘‘breakthrough
pain”. Portenoy et al. have defined breakthrough pain as ‘‘a transitory exacerbation of pain
experienced by the patient who has relatively stable and adequately controlled baseline
(background) pain” (Portenoy et al., 2004).

Breakthrough pain is usually classified into one of two categories:

1. Spontaneous pain (‘‘idiopathic pain”) – the episodes are not related to any identifiable
precipitant factors.

2. Incident pain (‘‘precipitated pain”) – the episodes are related to an identifiable precipitant
factor. Incident pain is usually sub-classified into one of three categories:
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3. Volitional incident pain – pain is exacerbated by a voluntary act (e.g., walking).

4. Non-volitional incident pain – pain is exacerbated by an involuntary act (e.g., coughing).

5. Procedural pain – pain is related to a therapeutic intervention (e.g., wound dressing).

Breakthrough pain is associated with poor overall pain control (Bruera et al., 1995) as well as
decreased patient satisfaction with overall pain management (Zeppetella et al., 2000). In
addition, breakthrough pain may result in a number of physical (e.g., immobility), psycho‐
logical (e.g., insomnia, anxiety, depression) and social (e.g., unemployment, social isolation)
complications (Skinner et al., 2006). Indeed, the presence of breakthrough pain may have a
significant impact on the quality of life (Skinner et al., 2006).[68]

9. Pain assessment

Clinical practice guidelines developed by the National Comprehensive Cancer Network
(NCCN) [69] and American Pain Society (APS) emphasize the essential need of a comprehen‐
sive pain assessment. [70]

A careful evaluation of pain should include history, pain description (in particular, establish‐
ing whether it worsens during the sleep), precipitating and alleviating factors, functional
impairment, psychological associated factors, psychosocial history as well as patient's beliefs,
physical examination, and a general knowledge of the different features of cancer-induced and
nonmalignant pain; such evaluation will allow a comprehensive assessment of pain. Con‐
versely, an inadequate measurement and assessment of pain poses a significant obstacle to
any effective pain management strategy.

Patient interview:

Figure 4. Pain assessment: Interview

An adequate pain assessment requires a thorough pain anamnesis as well as physical exami‐
nation prior to any radiographic study or physiological testing. Failing to collect a compre‐
hensive anamnesis and performing a correct physical examination will result in frequent
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mistakes, as correspondence between pain severity, as reported by the patient, and presence
of underlying pathology, as revealed by imaging studies, is often poor. Location, radiation,
quality, intensity and temporal pattern of pain should be ascertained along with provocative
and palliative factors associated with pain; afterwards, the physician should map the source
of pain and investigate any clues to a possible cause; finally, the following pain features should
be identified:

• Type of pain (nociceptive, neuropathic, psychogenic);

• Temporal characteristics (acute, chronic, intense episodic);

• Intensity (mild, moderate, severe).

Physical examination should be focused on the area of pain without overlooking areas of
referred pain (such as the right shoulder in case of hepatic metastases).

Physical examination is followed by specific maneuvers in order to provoke or improve pain.

For instance, pain due to bone metastases may be provoked through local palpation and
manipulation. Spinal cord compression resulting from epidural tumor extension represents a
known challenge. Accordingly, a comprehensive neurologic examination, coupled with
manual muscle testing, percussion of point of tenderness, evaluation of joint mobility, and
inspection of muscle symmetry are crucial steps of any physical examination.

The assessment of psychiatric and psychosocial co-morbidities is crucial to address factors that
may adversely affect pain perception and worsen patient’s distress. Radiographic studies
should be guided by the anamnesis and the physical examination, as well as stage of disease,
patient performance status, therapeutic options, and care endpoints. When dealing with
terminally ill patients, or when little would be gained by radiographic procedures, palliative
measures should be implemented without putting the patient through painful, unnecessary
testing. Whenever appropriate, pain treatment should be started as early as possible so that
patients may be comfortable and able to complete the diagnostic procedure. Plain radiographs
of painful areas may be of value.

Magnetic resonance imaging (MRI) of the spine and brain and computed tomography (CT)
scanning of the chest and abdomen often provide the greatest amount of information. In case
of pericardial effusions or biliary or urinary tract obstruction, ultrasonography may be easily
accomplished with a portable device, thus avoiding radiation exposure. Electrophysiologic
studies may be useful to distinguish mononeuropathies and entrapment neuropathies from
plexopathies, as well as ulnar and peroneal entrapment syndromes from brachial and lumbar
plexopathies, respectively. Conduction velocities, specific latencies, amplitudes, duration, and
configurations of sensory and motor evoked potentials are the keys to identify and locate the
neural pathology. Importantly, it should be remembered that results of electrophysiologic
studies may be normal even with significantly damaged non-myelinated fibers.

The ability to measure pain implementing valid and standardized approaches has improved
in the last years, increasing our ability to quantify the impact of adequate care in terms of
outcomes. The use of standardized instruments (scales), both of a specific type (focused on the
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pain) and of a generic type (quality measures of life), as well as the implementation of other
measures aimed to capture the results in terms of consumption of resources and medical care,
has made it possible, when required, to assess the overall impact of pain on the health and life
of patient. Initial and ongoing assessment of pain includes the evaluation of pain intensity
using a visual or numerical rating scale ranging from 0 (absence of pain) to 10 (presence of the
worst imaginable pain). Other relevant factors in pain assessment include ascertaining the
quality of pain, onset, and duration as well as any actions that may worsen or relive the pain.
Careful patient interviews should also evaluate the extent of patient distress resulting from
pain as well as various psychological or social factors.

The Pain Research Group of the WHO Collaborating Centre for Symptom Evaluation in Cancer
Care has developed the Brief Pain Inventory (BPI), a pain assessment tool devised for cancer
patients. The BPI measures both the intensity of pain (sensory dimension) and the interference
of pain with the patient's daily activities (reactive dimension). It also queries the patient about
pain relief, pain quality, and patient perception of the cause of pain.

The BPI is a powerful tool and, having demonstrated both reliability and validity across
different cultures and populations, it has been adopted in many countries for clinical pain
assessment, epidemiological studies, and in studies evaluating the effectiveness of pain
treatment.

Figure 5. Pain assessment: Objective
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With regard to specific assessment tools, the main validated scales used in oncology are the
followings:

• Short-Form McGill Pain Questionnaire 8 (SF) ;

• Brief Pain Inventory (BPI);

• European Organization for Research and Treatment of Cancer Quality of Life Core Ques‐
tionnaire (EORTC QLQ C309);

• Karnofsky performance status.

10. The management of cancer pain

An adequate control of pain is reached through three basic strategies: modifying the source of
the pain, altering the central perception of pain, and blocking the transmission of the pain to
the central nervous system. [71]

The  optimal  use  of  these  strategies  in  the  control  of  cancer  pain  requires  a  thorough
assessment of patient’s pain, cancer features, concurrent medical problems, and psychoso‐
cial status. [72, 73]

An individualized plan of care must be established, implemented, reassessed, and then
modified on a regular basis in order to maximize both the quality and duration of life. The
pain affecting the vast majority of patients with cancer may be relieved through direct and
indirect modifications of the source of pain combined with pharmacologic and non pharma‐
cologic actions aimed at modifying the patients’ perception of pain. [74]

The Three-Step Analgesic Ladder of the World Health Organization uses these three categories
of pain to guide analgesic-drug therapy. [75]

Patients receiving no analgesic therapy who have mild-to-moderate pain should be treated
with nonopioid analgesic drugs (step 1). If a patient has mild-to-moderate pain despite taking
a nonopioid analgesic, the dose of the nonopioid analgesic should be maximized and a step 2
opioid analgesic should be added (step 2).

Patients who have moderate- to-severe pain despite being treated with step 2 opioids require
an increase in the dose of the opioid or, if that is not feasible, a change to a step 3 opioid. This
method has been estimated to effectively relieve pain in 80 to 90 percent of patients.[76, 77]

Many experts recommend a step 2 opioid as initial therapy for patients with moderate pain
[78, 80], further suggesting that therapy with a step 3 opioid may be immediately started when
pain is severe. Patients who have mild-to-moderate pain while taking a step 3 opioid should
have the dose of that opioid increased until an effective level is reached. (Fig 5)

Non-opioid, step 1 analgesic drugs include acetaminophen, aspirin, and other non-steroidal
anti-inflammatory drugs (NSAIDs). These drugs are of limited value to patients with pain from
advanced cancer because of their relatively low maximal efficacy. [81]
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The step 2 opioids used to treat moderate pain include codeine, dihydrocodeine, hydrocodone,
oxycodone, and propoxyphene. Use of step 2 opioids is limited by dose-limiting side effects
or because they are prepared in fixed combinations with non-opioid analgesics.

Step 3 opioids commonly prescribed for the relief of moderate-to-severe cancer pain include
morphine, oxycodone, hydromorphone, and fentanyl.

These opioids should be used one at a time to take advantage of possible idiosyncratic
differences in patients’ responses.

Morphine is the step 3 opioid most commonly used to control severe pain, because of its wide
availability, varied formulations, as well as well-characterized pharmacologic properties. [82]

In some patients, switching from one opioid to another can eliminate an unmanageable,
idiosyncratic side effect of the initial drug. [83] In patients whose pain is well controlled, the
initial dose of the new opioid should be 25 to 50 percent less than the estimated equivalent
dose to allow incomplete cross tolerance. [84]

Over the years the above treatment strategy has been undergoing a number of critical changes,
as it has been realized that the scale of treatment (i.e. step 1 vs step 2 vs step 3) should not be
necessarily gradual, but it should rather comply with the stadium and the clinical phase of
pain experienced by each patient.

Accordingly, if pain is already reported as severe from the beginning, then it should be treated
with step 3 medications and adequate dosage without the need to follow the steps of sequential
scale.

Analgesic drugs, indeed, remain the keys of cancer pain managment. The choice of drug should
be based on the severity of the pain, rather than on the stage of disease. Drugs should be given

STEP 1
Adjust non pharmacological measure and pyschosogical support
Change to opiod for moderate/severe pain +/ - non opioid and co-analgesic/adjuvant
Opioid for moderate/severe pain: hydromorphone, morphine,methadone, fenthanyl,
susteined release oxycodone

STEP 2
Adjust non pharmacological measure and pyschosogical support Add opioid for
mild/ moderate pain +/ - non opioid and co-analgesic/adjuvant
Opioid for moderate/severe pain:codeine,oxycodone, hydrocodone

STEP 3
Adjust non pharmacological measure and pyschosogical support Change to opioid
for moderate/severe pain +/ - non opioid and co-analgesic/adjuvant
Opioid for moderate/severe pain: hydromorphone, morphine,methadone, fenthanyl,
susteined release oxycodone

Figure 6. The Three-Step Analgesic Ladder of the World Health Organization uses these three categories of pain to
guide analgesic-drug therapy.
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in standard doses at regular intervals. When a non-opioid drug is to be used with an opioid
for moderate pain, patients often prefer to receive fixed combinations of the two analgesic
agents. Care must then be taken in order to assess the dose of each drug contained in such
formulations; indeed, some combinations of codeine or dihydrocodeine with aspirin or
paracetamol (including co-codamol and co-dydramol) contain subtherapeutic doses of the
opioid. Likewise, the decision to use an opioid for severe pain should be based on severity of
pain rather than on prognosis.

It is also important to emphasize that, at every step, adjuvants drugs may be added to the
protocol treatment. Adjuvant drug therapy enhances the analgesic efficacy of opioids, treats
concurrent symptoms that may exacerbate pain, and/or results in an independent analgesic
effect for specific types of pain. [85]

Early use of adjuvant drugs is warranted in order to optimize patients’ comfort and function
by preventing or reducing the toxic effects of opioids. Cancer-pain syndromes most amenable
to adjuvant therapy are those caused by bone metastases, nerve compression, nerve damage,
and visceral distention.

The most commonly used drugs in adjuvant therapy for the treatment of cancer pain are
NSAIDs, corticosteroids, tricyclic antidepressant drugs, and anticonvulsant drugs.[86]

Additionally, treatment of pain strategies should allow for two further variables: 1) the
possibility to adopt an opioid rotation strategy, and 2) the choice of the correct drug admin‐
istration route: non invasive or invasive.

The importance of taking care of the cancer patient rehabilitation has been sanctioned also in
the Italian Health Plan Oncology 2010-12, with the model "Simultaneous Care" expressing that
"Rehabilitation in oncology should start from diagnosis and continue throughout life”.

It is, therefore, necessary that the cancer patient is taken care of by a specialist who, through
the formulation of Individual Rehabilitation Project, is specifically involved in the prevention,
care and clinical monitoring of the pain and disease. [87]

The Cancer Rehabilitation Treatment has the following goals:

• Preventive – to improve function and reduce morbidity and disability;

Figure 7. Pain assessment: Interview
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• Restorative – for patients with the potential to be completely cured from cancer, to appro‐
priately control, circumvent, or eliminate any residual disabilities;

• Supportive – for patients who are supposed to survive with cancer for a significant time
with relative control of disease or remission, to lessen disability, handicap, emotional stress,
or discomfort through rehabilitative care;

• Palliative – for patients whose disease is advanced and relentlessly progressive, but whose
disability, discomfort, and stress can be mitigated by rehabilitation.

Physiatrists should tailor an individual rehabilitation project depending on the type of tumor,
symptoms and signs, presence of complications, stage and evolution, needs and expectations
of the patient and his family. [88, 89]

11. Rehabilitation approach to pain

A complex and global rehabilitation program in cancer pain is composed of the following
components:

1. Recovery of residual capacity:

• Educational interventions regarding lifestyle and behavior;

• Nutritional support;

• Multimodal Physical Activity;

• Myofascial manual therapy (relaxation, lymphatic drainage, therapy of the scars);

• Physical energies;

Figure 8. Pharmacologic pain management
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2. Sensory-motor and functional recovery capacity:

• Analysis of posture and movement with tridimensional optoelectronics systems,
implemented in collaboration with bio-engineers;

• Therapy in microgravitary environments and Sensorimotor training with swinging
platforms in the tridimensional space with the aim of learning again the balance, and
postural control through vertebral reeducation and visual feedback;

• Prescription of prostheses, orthoses;

• Counseling activities for health and nursing;

3. Quality of life improvement: inclusive approach with home therapy and occupational
therapy.

11.1. Recovery of residual capacity

The maintenance of an adequate nutritional status is important because it reduces the risk of
recurrence and complications related to cancer therapy by contributing to the general well-
being of the patient. Accordingly, nutritional support is an essential part of the treatment of
cancer patients.

The need for informed lifestyle choices by cancer survivors becomes particularly important
particularly important upon completion of of therapy when trategie self-care improve their
long-term results.

Despite being highly variable depending on the type of cancer and stage at diagnosis, cancer
may cause several metabolic and physiological alterations affecting the body requirements of
macro- and micronutrients.[90]

The American Cancer Society (ACS) convened a group of experts in nutrition, physical activity,
and cancer to evaluate and summarize the available scientific evidence and best clinical
practices related to nutrition and physical activity after the diagnosis of cancer. Accordingly,
it has been highlighted that patients undergoing cancer treatment often experience significant
nausea and vomiting, leading to further weight loss. [91]

Because of such clinical evidence, cancer has been considered as a disease associated with
weight loss, rather than obesity.

Nonetheless, with growing numbers of overweight or obese patients beginning the cancer
treatment protocols, additional weight gain has also been noted as a possible complication of
treatment. [92, 94]

Nutritional assessment for survivors should, therefore, begin immediately after diagnosis and
should take into consideration treatment goals (curative, control, or palliation), while focusing
on both the current nutritional status and the expected nutrition-related symptoms. [95]

During active cancer treatment, the overall goals of nutritional care for survivors should be to
prevent or resolve nutrient deficiencies, achieve or maintain a healthy weight, preserve lean
body mass, minimize nutrition-related side effects, and maximize the quality of life.
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Malnourished patients are less able to tolerate surgical therapy, chemotherapy, radiation
therapy, and drug therapy, undergoing pain and related complications such as prolonged bed
rest and lymphedema more frequently than subjects in a better nutrition state. For all these
reasons, cachexia may threaten the patient's life even more than the local effects of the tumor
itself. Cancer cachexia presents clinically with anorexia, altered taste perception, and subse‐
quent weight loss, loss of muscle mass and general malnutrition causing a significant reduction
in physical, immune, and mental functions. As a consequence, the body cannot implement
adequate defensive strategies.

The causes of anorectic-cachexia syndrome have not been fully clarified yet. The intermediate
products of tumor metabolism and the immune response to the tumor itself may be a direct
cause of anorexia or early satiety, or produce these same symptoms in a indirect way by an
effect on hypothalamic functions.
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increasing the release of triglycerides from the adipose tissue and amino acids from the
muscular tissue. These cytokines may be important factors in the development of cancer
cachexia, but the precise mechanism by which this occurs is not clear. These cancer-dependent
metabolites may also be responsible for the anomalies in the sensation of taste and smell that
have been observed in cancer patients.

Patients may notice increased or decreased perception of sweet taste. The threshold for salty
and sour tastes is often increased, while the one for the bitter taste is usually decreased. A
lower threshold for the bitter taste (specific testing substances that can be used include urea)
is often responsible for the aversion to meat that is frequently present in these patients. [96]

The psychological stress associated with neoplastic disease may contribute to anorexia. Even
in the absence of frank depression, the presence of pain, decreased sense of well-being,
depressed mood and anxiety about the treatment regimen or the prognosis, tend to cause a
state of emotional stress that antagonizes the sense of gratification from food. Patients
complaining of nausea or other disorders, for example as a result of radiation therapy or
chemotherapy, may develop food distaste. These aversions tend to persist even after therapy
has been completed. Nutritional deficiencies or excesses may occur in patients who decide to
avoid certain foods because of misplaced beliefs that they may contribute to the genesis of
cancer, or in case of excessive consumption based on the false expectation of beneficial effects.

Although the reduction in nutritional intake seems the main cause of nutritional decay, it
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Other mechanisms have been suggested, such as the followings: an abnormal adaptation to
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In general, the tumor is usually considered too small to have a significant effect of metabolic
absorption so as to produce the decay of the host; nonetheless, the presence of a tumor may
also induce alterations in the metabolism of carbohydrates, fats and proteins increasing, as a
consequence, the energy demands.

Cancer Pain — The Role of an Integrated, Comprehensive Rehabilitation Program in Its Management
http://dx.doi.org/10.5772/60548

81



Depending on the clinical setting, an adequate caloric intake should be 1.2-1.5 times the resting
energy consumption (30-35 kcal / kg / day). Lower values should be considered at risk of
malnutrition. A caloric intake below 50% of the needs for a period of at least a week poses the
need for an artificial nutritional intervention.

Leucine, isoleucine and valine are part of the family of neutral amino acids, and their oral
supplementation, at a dosage of about 10-20 g / day, has proved to be effective in improving
anorexia (through their ability to reduce the entry of tryptophan in the brain, and therefore
the synthesis of serotonin) and, at the same time, promote muscle protein synthesis, at the
expense of degradation processes.

The omega-3 fatty acids, in particular eicosapentaenoic acid (EPA), having an anti-inflamma‐
tory effect and inhibiting the synthesis of several pro-inflammatory cytokines, have been
showed to have, at a dosage of at least 2 g / day, an efficacy equal to that of megestrol acetate
in improving the appetite of cancer patients. Such lipid substrates are also able to mitigate the
ubiquitin-dependent protein degradation mechanism in a direct way or through an indirect
modulation of the action of pro-inflammatory cytokines. Studies dating back to a few years
ago seemed to demonstrate that the administration of specific nutritive supplements enriched
in proteins and EPA could result in a significant increase of body weight, lean body mass,
functional activity and quality of life in patients with pancreas cancer, provided that the daily
intake of EPA was not inferior to 2g. A recent meta-analysis conducted on five controlled
clinical trials showed that there are insufficient data confirming that supplementation with
EPA as a single oral agent is advantageous compared to placebo for therapeutical purposes.
However, recent experiences seem to show a significant advantage of EPA supplementation
after esophageal surgery.

It seems more appropriate to administer these supplements with a preventive goal, rather than
therapeutic, as part of a process of metabolic-nutritional follow-up, supervised by specialists
in the field of nutrition.

Carnitine plays a decisive role in the metabolism of long-chain free fatty acids, thus affecting
lipid metabolism and energy reserves within the cells. Carnitine is a necessary cofactor for the
transport of long-chain fatty acids within the mitochondrial matrix, where they are subjected
to oxidation for the production of cellular energy.

A clinical study has shown that administration of 6 g/day of L-carnitine for the duration of 30
days was able to significantly improve the symptom "fatigue", appetite and lean body mass of
patients. Therefore, the administration of L-carnitine should be recommended in cachectic
patients at a dose of 4-6 g/day orally for a period of time of 3/4 months, being usually well
tolerated by the patient. Occasional side effects of L-carnitine include epigastralgia and, more
rarely, diarrhea. [97, 100]

After cancer treatment, weight gain or loss should be managed with a combination of diet
changes, physical activity, and behavioral strategies. For patients who need to gain weight,
this means increasing energy intake to exceed energy expenditure, while for patients who need
to lose weight, caloric intake should be reduced while increasing energy expenditure via
increased physical activity to exceed energy intake. Reducing the energy density of the diet by
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recommending low-energy foods (eg, water- and fiber-rich vegetables and fruits) and limiting
the intake of foods and beverages rich in fat and added sugars promotes healthy weight
control. Likewise, limiting portion sizes of energy-dense foods is an important accompanying
strategy. [101]

Two large randomized controlled trials have tested whether a reduction in fat intake following
the diagnosis of early stage breast cancer may affect cancer outcomes. The WINS study tested
a low-fat diet (aiming for less than 15% of total caloric intake from fat) in 2437 postmenopausal
women with early stage breast cancer and found an effect on relapse-free survival that was of
borderline statistical significance.[102]

On average, patients in the intervention group decreased their fat intake to 20% of total caloric
intake during the first year of the study, and the intervention resulted in a 24% reduction in
new breast cancer events, with subset analyses suggesting that this effect was greater among
women with ER-negative disease.

As previously described, women assigned to the low-fat diet (intervention group) lost an
average of 6 pounds over the course of the study, thus posing the dilemma as to whether the
reduction in breast cancer events was due to dietary fat restriction or lower body weight.

The Women’s Healthy Eating and Living (WHEL) Study tested the effect of a diet low in fat
(aiming for 20% of total caloric intake) and very high in vegetables, fruits, and fiber on cancer
outcomes in 3088 pre- and postmenopausal breast cancer survivors who were followed for an
average of 7.3 years. After 4 years, women in the intervention group reported a reduction in
fat intake (from 31.3% at enrollment to 26.9% of total caloric intake), but recurrence-free
survival did not differ between the two groups. [103] Notably, women in the WHEL Study
intervention group did not exhibit weight loss, in contrast to the low-fat diet intervention group
in WINS. The WHEL Study recorded an improved prognosis in women without hot flashes at
time of study enrollment, who were therefore likely to have higher circulating estrogen
concentrations, suggesting that there may be a survival benefit in this subgroup. [104]

The maintenance of an adequate body weight is possible in our experience using a special
composed Mediterranean food which is precooked and conveniently formulated (Eatarte &
Corpo53 Italy) allowing a reduction of body mass index, a reduction in chronic inflammation
indices, a decreased risk of lymph edema and a decreased risk of pathological fractures (being
thus ultimately associated with an improvement in pain and quality of life).

The general benefits of multimodal physical activity in cancer treatment are numerous and
include: improved cardiac output, increased ventilation, improved flexibility and range of
motion; increased muscular strength and endurance; decreased resting heart rate; improved
stroke volume, vasodilatation, perfusion; improved metabolism; improved blood count
parameters; improved psychological attitude and ability to face the cancer disease. The cancer-
specific benefits are related to cancer treatment toxicities, with particular regard to muscular
degeneration, including 1) fatigue and weakness, 2) neurotoxicity, 3) cardiotoxicity, 4)
pulmonary toxicity. [105]

The main goal of exercise is to address inactivity/immobility (specific or general) and fear of
movement. The detrimental effects of immobilization are well documented and include muscle

Cancer Pain — The Role of an Integrated, Comprehensive Rehabilitation Program in Its Management
http://dx.doi.org/10.5772/60548

83



wasting/weakness, joint stiffness, reduced motor control, mood changes, decreased self-
efficacy, reduced coping capacity and cardiovascular unconditioning. The multimodal
exercise program must be tailored to the individual needs of the patient and should start
cautiously, building up gradually and being within the patient’s tolerance levels.

A recent meta-analysis of 78 exercise intervention trials showed that exercise interventions
resulted in clinically meaningful improvements in quality of life that persisted after the
completion of the intervention. [106] In another meta-analysis of 44 studies that included over
3000 participants with varying cancer types, cancer survivors randomized to an exercise
intervention had significantly reduced cancer related fatigue levels, with evidence of a linear
relationship with the intensity of resistance exercise. [107]

Historically, there were concerns that cancer patients with upper extremity lymphedema
should not engage in upper extremity resistance training or vigorous aerobic physical activity.
There are now multiple trials that have demonstrated that such physical activity is not only
safe, but actually reduces the incidence and severity of lymph edema.

There is substantial research on physical activity in breast cancer survivors and multiple
systematic reviews focused on its role in these patient subset. [108, 109]

In a meta-analysis of 717 breast cancer survivors participating in 14 randomized controlled
trials, physical activity led to statistically significant improvements in quality of life, physical
functioning, and peak oxygen consumption, as well as reduction in symptoms of fatigue and
pain. [110, 111]

Multimodal physical activity entails instructing patients in strengthening, stretching, and
aerobic conditioning. The physical therapists should play a role in providing education on
proper body mechanics, lifting techniques, proper posture, benefits of aerobic exercise and
discussions of pain behaviors. Importantly, physical measures should be implemented as early
as possible to minimize the generalized unconditioning and myofascial pain associated with
reduced activity as well as intervals of immobility associated with cancer and its therapy. [112]

The benefits of exercise and increased physical activity among people diagnosed with cancer
are numerous, including improved function, quality of life, strength, and endurance, and
reduced depression, nausea, and pain. [113] Beaton et al, [114] in their systematic review found
strong, high-quality evidence in favor of exercise interventions (aerobic exercises and strength
training given alone or as part of a multimodal physical therapy program) in patients with
metastatic cancer for improving physical and quality of life measures. McNeely et al, [115]
found that a progressive resisted exercise training (PRET) program significantly reduced
shoulder pain and disability and improved upper extremity muscular strength and endurance
in postsurgical head and neck cancer survivors who had shoulder dysfunction due to spinal
accessory nerve damage.

Keays et al [116] found improvements in shoulder range of motion and function in women
with breast cancer undergoing radiation therapy, by virtue of a Pilates exercise program
involving whole body movements with breath control. Similar improvements in pain and
mobility were observed following physiotherapy intervention (exercises, soft tissue massage
to surgical scar) in breast cancer patients who underwent axillary dissection. [117]
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Graded and regular physical activity as a component of a multimodal physical activity
program for the treatment of cancer pain [118] exerts a direct influence on the peripheral
musculoskeletal system via the exercising muscles. Importantly, for these programs to be
effective, physical activity should be always accompanied by behavioral training and adequate
patient education.

Recovery of joint mobility and flexibility and treatment of soft tissue should be achieved
through a strategy taking in to account age, sex and underlying disease as well as the intensity
of the pain threshold. Additional treatment goals should include increased muscle tone of the
healthy fibers as well as re-balancing muscle synergies and reprogramming both static and
dynamic posture. Flexibility, one of the physiological parameters involved in almost all forms
of human movement, is another trainable fitness parameter in addition to aerobic capacity,
strength, and neuromuscular endurance.

Flexibility has been defined as mobility compliance or, alternatively, as the reciprocal coun‐
terpart of stiffness. Most of the authors define flexibility as range of motion either at or about
a joint. Another definition classifies flexibility as the ability of a joint to move throughout its
potential range of motion. Those definitions confuse the property of flexibility with the range
of motion, despite the fact that these two terms are not synonymous; range of motion is one
of the several variables determining flexibility, so that flexibility cannot be defined based only
on range of motion.

We define flexibility like the disposition of body tissues to allow, without injury, excursions
at a joint or set of joints. This property is measured through, but is not equivalent to, range of
motion. Both joint tissues and the surrounding soft tissues contribute to flexibility, although
only the latter should be targeted by specific treatment in order to augment flexibility.

The best method to properly stretch soft tissues involves a series of less than maximal isometric
contractions of the agonist muscles in a pre-lengthened state (to set up the stretch), followed
by concentric contractions of the antagonist muscle group (to lengthen the agonist) in con‐
junction with light pressure whenever needed and using an instrumentation like sensitized
postural bench system (TecnoBody, Italy). This approach aims to alleviate muscle tension,
facilitate healing via increased blood flow, and decrease muscle pain by reducing vasocon‐
striction. This stretching protocol should be delivered on a daily basis using a specific person‐
alized postural bench like Fleximat postural bench (Posturale.org Italy).

Myofascial therapy improves local circulation and gently stimulates the free nerve endings,
also helping draining local tissue edema and inducing local and general relaxation. One of the
well-established scientific forms of massage is the manual lymphatic drainage therapy [119]
and the complete decongestive therapy (i.e. combination of manual lymphatic drainage,
compression garments, adequate skin care, and range of motion exercises). Massage therapy
was shown to be very effective to relieve symptoms of cancer-induced pain in numerous
studies. Soft tissue mobilization is widely practiced in the management of pain and includes
techniques such as scar mobilization/massage, myofascial techniques and connective tissue
massage. [120, 121]

Reeves [122] emphasized the relevance of changes in patient positioning, relaxation techniques
against insomnia, and energy conservation techniques for chronic fatigue in patients with
cancer pain.
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Therapeutic modalities such as electrical stimulation (including transcutaneous electrical
neurostimulation), heat, or cryotherapy, can be useful adjuncts to standard analgesic therapy
in patients with cancer-treatment-related lymphedema and pain. The treatment of lymphe‐
dema by use of wraps, pressure stockings, or pneumatic pump devices with Slim Project
Physio (General Project Italy) or vibrational technology with EndoSpheres (Fenix group Italy)
may both improve function and relieve pain and heaviness. [123]

Physical therapy treatment techniques have also been reported to be effective in cancer-related
fatigue by Watson and Mock, in prostate cancer and breast cancer-related lymphedema, cancer
therapy-related hyperthermia, and colorectal cancer. [124]

Mufazalov and Gazizov [125] showed that laser therapy enhanced therapeutic efficacy of pain-
relieving drug regimens in patients with cancer pain. Cancer treatments like radiation therapy
can induce mucositis in patients with oral or head and neck cancer and can cause oral pain
due to impaired wound healing. Bensadoun [126] commented on the importance of low-level
laser therapy on wound healing and its role in mucositis treatments. Maiya et al, [127]
subsequently showed that helium–neon laser therapy was effective to reduce pain and
improve healing of radiation-induced mucositis after 6 weeks of therapy in head and neck
cancer patients.

Improvement of the uninjured muscle tone and strength may be possible using a focused
vibratory acoustic Cancer Treatment - a conventional and innovative approach using stimu‐
lation at high intensity with Vissone (Vissman Italy) - followed by anaerobic work with TRX
system.

Vibrations are able to induce muscular changes aimed to the recovery of muscle tone through
a frequency of 300 Hz, as well as to stimulate the upper motors centers in order to obtain a
control of muscle recruitment work.

It has been noted that, using this treatment protocol, it is possible to: 1) activate the aerobic
metabolism; 2) determine an analgesic effect; 3) increase local circulation and bone density; 4)
finally increase the contractile capacity and elasticity of the treated muscle.

According to the existing literature, mechanic or acoustic vibratory waves at a frequency of
120Hz are a valid therapeutic tool for the treatment of musculoskeletal pain. The focused
vibratory acoustic therapy with quadrangle wave shows a muscle relaxing effect, leading to a
rapid interruption of the vicious circuit pain-injury-pain as well as a having a high draining,
anti-fatigue and stress relieving effect. [128]

Human studies regarding ultra low frequencies and intensity magnetic fields effects have been
carried out in several clinical settings over the last 20 years.

They have proven effective for treating bone and joint diseases, neuropathies, spinal cord
injury, diabetic neuropathy, immune disorders and cardio myopathy. [129, 134]

Moreover, in addition to the above data, new possible fields of application have been advanced
by studies showing possible effect in several specific neurological diseases. Sandik, for
example, has published a number of case reports of diseases such as Parkinson's [135]
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Alzheimer's disease [136] and Multiple Sclerosis [137], in which a beneficial effect of the fields
ELF on cognitive deficits accompanying these morbid conditions has been documented.
Another study [138] reported interesting effects on fatigue and quality of life of 117 patients
with Multiple Sclerosis. An additional area of research in which there are promising studies
is that of analgesia. [139]

The term bio-resonance points to the form of resonance which is established at the level of cell
membranes using electromagnetic fields at a very low intensity and at a specific frequency
(cyclotron) which is thought to be able to influence and stimulate the metabolism of human
cells by adjusting the ordered traffic of selected ions between the internal and external
environments of the cell and by stimulating the activity of those ion-dependent enzymes
allowing the occurrence of several biological reactions. The above technology generates
electromagnetic waves of low intensity and frequency, (Seqex Q.L.. S.i.s.t.e.m.i. Italy) allowing
a particular ion current that optimizes the intrinsic ability of maintaining the potential
difference between the intra and extracellular environments and which is thought to be
indispensable for the proper functioning of metabolism and cellular homeostasis. [140]

One of the most promising fields of application for such technology is undoubtedly the
oncological sector; accordingly, it has been observed that a correct use of ELF fields may lead
to a reduction of tumor growth and vascularization as well as of the metastatic spread. [141, 142]

The accumulation of lactic acid in cancer tissues is a well-known source of pain. Studying the
metabolism of cancer at the cellular level, Otto Warburg demonstrated in 1930 that tumor cells
prefer a particular form of metabolism known as anaerobic (non-oxygen-dependent) glycol‐
ysis. Indeed, tumor cells are metabolically active and release several waste products. [143]

The ability to modulate the channels of the membrane by the above-mentioned magnetic fields
allows the hypothesis that cancer pain, secondary to oxidative stress, may be controlled
through the arousal of appropriate currents of cations and anions.

In particular, it is of particular interest the possibility to modulate the water channels, whose
opening would allow the efflux of intracellular water. Inflammatory processes in the cells of
the muscle or dermis leads to significant water retention (as shown by visible swelling). This
water absorption and swelling, which is thought to be linked to associated painful symptoms,
may persist over time (as occurs, for example, after the welding of bone fractures). Accordingly,
the induction of the opening of membrane channels allowing the leakage of intracellular water
might enable rapid resolution of swelling and pain due to excess intracellular water. [144]

11.2. Sensory-motor and functional recovery capacity

The second phase begins with the clinical physiatrist reassessment, aided by specific diagnostic
tests and apposite rating scales, analysis of movement and posture through optoelectronic
systems in collaboration with bioengineers, gait analysis with pod barometrical examination,
body composition assessment through bio-impedenziometry, and evaluation of cardiac and
hematological parameters.
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To implement an adequate sensory-motor and functional recovery program the patient needs
to reach an acceptable walking ability. The ability to walk is the key to any human movement,
despite the fact the human movements are not limited to bipedal locomotion; bipedal loco‐
motion is a fundamental part of daily life and is a prominent target of public health physical
activity guidelines.

The human gait is a complex combination of concerted movements; objective monitoring of
walking evolution, using pedometer and accelerometer technologies, offers an opportunity to
formulate guidelines and recommendations for cancer patients.

Available studies in literature have used a variety of objective parameters based on instru‐
ments that have been previously validated.

In order to get a better walking performance, two integrate procedures may be implemented:

1. normalization of the foot-ground reaction forces using customized viscoelastic orthotics
to control vertical and shear forces on the foot during the stance phase with no need for
the obligatory use of athletic shoes;

2. use of the microgravitary system S.P.A.D (Corpo53, Italy) that determine the sensory-
motor and functional recovery of the posture during the walking activity in combination
to the development of proprioceptive information trasmitted from the periphery to the
cortical central system.

After a period of unconditioning typical of the acute phase of cancer, it is necessary to learn
again the correct body schema and achieve the complete recovery of postural control through
spinal rehabilitation with floating platforms in tridimensional space and visual feedback. It is
important to attempt correction of such postural abnormalities early in the rehabilitation
process in order to prevent further dysfunctional patterns of movement. [145]

For example, breast cancer patients may develop chronic post-surgical pain following breast
cancer treatment (Macrae, 2001) and, thus, adopt specific protective postures resulting in
muscle spasm and muscle imbalances (Cheville & Tchou, 2007). Growing evidence is being
produced in support for the use of Progressive Resistive Exercise training in head and neck
cancer patients, in order to manage shoulder dysfunction and pain secondary to spinal
accessory nerve damage. The importance of correcting posture and scapular stability prior to
resistance exercise has been documented by McNeely et al (2004).

The system I-Moove is equipped with a balancing platform with helical movement which
allow the continuous realignment of the subsystems of the body in order to maintain an
optimal posture as well as the use of a traction force. It also provides a real-time visual feedback
that allows physicians to monitor the correction. [146]

11.3. Quality of life improvement

The inclusive approach entails therapeutic techniques implemented by physical therapists to
improve the quality of life, including: EMG Biofeedback, home therapy-related imagery with
Riablo-System (coRehab Italy), music therapy, play therapy, virtual reality- and exercise. The
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In order to get a better walking performance, two integrate procedures may be implemented:

1. normalization of the foot-ground reaction forces using customized viscoelastic orthotics
to control vertical and shear forces on the foot during the stance phase with no need for
the obligatory use of athletic shoes;

2. use of the microgravitary system S.P.A.D (Corpo53, Italy) that determine the sensory-
motor and functional recovery of the posture during the walking activity in combination
to the development of proprioceptive information trasmitted from the periphery to the
cortical central system.

After a period of unconditioning typical of the acute phase of cancer, it is necessary to learn
again the correct body schema and achieve the complete recovery of postural control through
spinal rehabilitation with floating platforms in tridimensional space and visual feedback. It is
important to attempt correction of such postural abnormalities early in the rehabilitation
process in order to prevent further dysfunctional patterns of movement. [145]

For example, breast cancer patients may develop chronic post-surgical pain following breast
cancer treatment (Macrae, 2001) and, thus, adopt specific protective postures resulting in
muscle spasm and muscle imbalances (Cheville & Tchou, 2007). Growing evidence is being
produced in support for the use of Progressive Resistive Exercise training in head and neck
cancer patients, in order to manage shoulder dysfunction and pain secondary to spinal
accessory nerve damage. The importance of correcting posture and scapular stability prior to
resistance exercise has been documented by McNeely et al (2004).

The system I-Moove is equipped with a balancing platform with helical movement which
allow the continuous realignment of the subsystems of the body in order to maintain an
optimal posture as well as the use of a traction force. It also provides a real-time visual feedback
that allows physicians to monitor the correction. [146]

11.3. Quality of life improvement

The inclusive approach entails therapeutic techniques implemented by physical therapists to
improve the quality of life, including: EMG Biofeedback, home therapy-related imagery with
Riablo-System (coRehab Italy), music therapy, play therapy, virtual reality- and exercise. The
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environment was shown to influence perceived well-being with outdoor exercises being
perceived as energizing and indoor exercises being perceived as relaxing; furthermore, Qigong
exercises has been shown to have positive effects on mood and anxiety. [147]

Attention-diversion approaches involve redirecting attention to competing external or internal
stimuli, with related strategies including relaxation training, diaphragmatic breathing, guided
imagery, self-hypnosis, mindfulness meditation and distracting thoughts and activities
(Hanson, 1990). Engaging in meaningful and stimulating activities, for example talking to
friends, listening to music and going outdoors, may reduce awareness of pain. Using methods
deriving from cognitive therapy, patients are taught how to identify and change unhelpful or
negative thoughts (cognitive restructuring) that contribute to psychological distress, while
facilitating coping thoughts that reduce distress and enhance other coping efforts. Occupa‐
tional therapists can help patient to maintain or resume their previous social role despite
cancer-related pain. Occupational or Physiotherapists’ role in this context encompasses active
listening, education, prevention, problem solving, and provision of experiential learning.

A controversial aspect is the role of rehabilitation in patients with pain from bone metastases.

Patients with skeletal metastases may have a relatively long clinical course. Coleman and
Rubens determined that the median duration of survival for 498 patients with metastatic breast
cancer with first relapse in bone was 20 months.

In 253 of these patients, where disease spread was confined to the bone, the median duration
of survival was even longer (24 months).

Rehabilitative intervention to optimize the functional capacity of patients with smoldering
bone metastases is often needed. Such intervention is frequently aimed at preventing patients
from becoming bed-bound and helping them to maintain as much autonomy as possible.

Treatment sessions commonly focus on training the patient to use residual function or to
develop compensatory techniques, training in the use of assistive equipment, and educating
both patient and family to help them adjust to an altered way of life. [148]

12. Conclusion

The management of cancer pain with a planning of a complex rehabilitation program, in the
context of a comprehensive treatment, encompasses nutritional support, multimodal training,
correction of lifestyle, as well as use of advanced physical energies. Therefore, for the purposes
of the optimal management of cancer pain, it is essential to identify the pathogenetic features
and the clinical characteristics of pain, in order to tailor the different treatment modalities in
rehabilitation. Terminal patients should have access to rehabilitation services and be encour‐
aged to remain functional and independent.

Clinical experience suggests that the application of the fundamental principles of rehabilitation
medicine is likely to improve the care of patients with cancer.
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A specialist in the identification, evaluation, and rehabilitation of neuromuscular, musculos‐
keletal, and functional disorders associated with cancer and its treatment should aim to the
restoration and maintenance of function and quality of life.

Too often physicians tend to limit the treatment of pain in cancer patients to a pharmacological
approach, tailored according to the severity of the symptoms as per the guidelines of the OMS.

A global and complex rehabilitation program may decrease the need for pharmacological
medications and the occurrence of related side effects.

While oncologists are responsible for prolonging survival and nurses and counselors for
optimizing comfort, the physical therapists play a major role in optimizing functions in
patients suffering from cancer pain.

Physiatrist and physical therapists should thus be part of the team taking care of the integrated
cancer management in primary, secondary and tertiary care, with a particular role being
played with regard to cancer pain.

Molecular mechanisms in pain perception will direct mechanism-based drug therapy pre‐
scription in palliative care, whereas understanding of pain pathogenesis will direct physical
therapy treatment, allowing proper decision-making and efficient treatment delivery in
patients with cancer pain.

Despite being unquestionable that the primary goal in cancer patients management should be
to prolong the overall survival, treatment of cancer pain is important in order to preserve daily
functions and quality of life.

The development of an evidence-based body of knowledge will ensure that patients receive
appropriate rehabilitation interventions in cancer pain.

Future research should, thus, focus on a better understanding of the role of rehabilitation and
on defining appropriate interventions for this patient population.
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Chapter 5

Chemotherapy for Gastric Cancer — What Comes Next?

Shouji Shimoyama

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60420

1. Introduction

Gastric cancer (GC) is the fourth (in men) and fifth (in women) most commonly newly
diagnosed cancer worldwide and the third (in men) and fifth (in women) leading cause of
cancer death [1]. Radical resection remains the only way cure, but cure rates following surgery
for resectable GC in the West lag behind those in Japan. In addition, many GC patients will
suffer recurrence even after curative resection in approximately 50% of cases [2], which
eventually results in a still poor 5-year survival rate of <30% both in the USA [3] and in Europe
[4]. Although the 5-year survival rate in Japan is much better than that in the West, there is a
global consensus that advanced GC patients need further anticancer therapy.

Currently, five classes of cytotoxic agents (fluoropyrimidines, platinums, taxanes, topoiso‐
merase inhibitors, and anthracyclines) and new molecular targeting agents have been used in
GC. Recent randomized controlled trials (RCTs) in the field of treatment for advanced GC have
established first-line chemotherapy, although the approach and management for advanced
GC varies from region to region so that there is no worldwide consensus on this matter. The
most promising regimens are ECF (epirubicin, cisplatin, and 5-fluorouracil) in Europe [5], DCF
(docetaxel, cisplatin, and 5-fluorouracil) in the USA (V325 trial) [6], and SP (S-1 and cisplatin)
in Japan (SPIRITS trial) [7]. Strikingly, however, the global RCT conducted in the USA (FLAGS
trial) failed to exhibit any survival advantage of the SP regimen over the FP (5-fluorouracil
plus cisplatin) regimen [8]. Very recently, trastuzumab combined with cisplatin and fluoro‐
pyrimidines has been found to be active for human epidermal growth factor receptor-2 (HER2
or ERBB2)-positive GC (ToGA trial) [9]. Although these regimens are active, the treatment
progress is painfully slow [4]. The median time to progression (TTP) or progression free
survival (PFS) was 7.4 months by ECF [5], 5.6 months by DCF [6], 6.0 months by Japanese style
SP [7], 4.8 months by global style SP [8], and 6.7 months even by adding trastuzumab [9],
suggesting that many advanced GC patients experience failure after first-line chemotherapy.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



Interestingly, the median TTP or PFS of these regimens are almost equivalent (5.6-7.4 months)
[5-7] while median overall survival times (OS) differ between the studies (Figure 1). The 13
months of median OS by the Japanese SP regimen [7] was apparently longer than those (8.7-9.2
months) by ECF and DCF regimens [5,6] (Figure 1). In addition, even by the use of the SP
regimen, the post-progression survival –the survival length difference between median PFS
and median OS– differed considerably, being 7 months in the SPIRITS trial [7] and 3.8 months
in the FLAGS trial [8] (Figure 1). Such inter-trial differences in post-progression survival are
partly attributable to different proportions of subsequent second-line therapy after the failure
of first-line chemotherapy, being over 70% in the SPIRITS trial while 30-45% in other trials [6,
8,9]. In this regard, patients who retain good performance status at the time of first-line
treatment failure are candidates for second-line therapy. Currently, however, no standard
regimens for any second-line therapy hitherto determined suggest an urgent need for the
establishment of second-line therapy. Reflecting this urgency, clinical research concerning
second-line therapy has been recently commenced. In the era of post first-line chemotherapy,
this chapter reviews the next research issues deserving of focus in the field of advanced GC
treatment.
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Figure 1. Median TTP or PFS (white bar) and post-progression free survivals (gray bar) of the previous first-line RCTs.
The sum of the white and gray bars indicates median OS. Percentages indicate the proportion of patients receiving
further therapy. The reference numbers are expressed in brackets. ECF; epirubicin, cisplatin, and 5-fluorouracil, DCF;
docetaxel, cisplatin, and 5-fluorouracil, SP; S-1 and cisplatin. ND; not described.
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Figure 1. Median TTP or PFS (white bar) and post-progression free survivals (gray bar) of the previous first-line RCTs.
The sum of the white and gray bars indicates median OS. Percentages indicate the proportion of patients receiving
further therapy. The reference numbers are expressed in brackets. ECF; epirubicin, cisplatin, and 5-fluorouracil, DCF;
docetaxel, cisplatin, and 5-fluorouracil, SP; S-1 and cisplatin. ND; not described.
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2. Rationale for second-line therapy

The significance of second-line therapy after disease progression by first-line chemotherapy
has been evaluated by several randomized comparisons of survival times between second-line
therapy and best supportive care (BSC) or placebos. Various kinds of agents have been
investigated in the RCTs of second-line therapy, such as chemotherapy drugs [10-12] and
molecular targeting agents [13-15]. Some of these trials have demonstrated significantly
improved survival times by second-line therapies as compared with BSC or a placebo (Table 1).

The AIO conducted a RCT to compare irinotecan (21 patients) with BSC (19 patients) [10].
Although this study was closed prematurely due to poor patient accrual, irinotecan could
significantly (p=0.012) prolong median OS (4.0 months) as compared to those by BSC (2.4
months). The second RCT conducted in Korea [11] assigned patients in a ratio of 2:1 to
chemotherapy (docetaxel or irinotecan) plus BSC (133 patients) or BSC alone (69 patients).
Choice of chemotherapy drugs was left to the discretion of the investigators. Median OS of the
chemotherapy arm (5.3 months) was significantly (p=0.007) longer than those of the BSC arm
(3.8 months). This survival difference may be partly ascribed to the significantly (p=0.02)
greater number of patients receiving further chemotherapy (third-line chemotherapy) in the
chemotherapy arm (40%) than in the BSC arm (22%) because median OS was longer (8.0
months) for patients who received subsequent treatment than those who did not (3.76 months),
regardless of treatment arm. Of note, the lack of any difference in median OS between docetaxel
use (5.2 months) and irinotecan use (6.5 months) implies that both agents are equally active,
although bias for patient allocation can not be denied. In the third RCT conducted in the UK
[12], 168 patients were allocated to either docetaxel plus active symptom control or active
symptom control alone (84 patients each). The median OS in the docetaxel group (5.2 months)
was significantly longer (p=0.01) than that in the active symptom control alone group (3.6
months). Measurements of disease specific quality of life showed benefits for docetaxel in
reducing dysphagia and abdominal pain.

The efficacy of molecular targeting agents as a second-line setting has been investigated by
three other RCTs [13-15]. First, a GRANITE-1 trial [13] randomly assigned 656 patients at a 2:1
schedule either to everolimus (n=439) or a matching placebo (n=217). Significantly longer
median PFS by everolimus (1.7 months, p<0.0001) than that by placebo (1.4 months) did not
reflect a difference in median OS (5.4 months in the everolimus arm versus 4.3 months in the
placebo arm, p=0.12). Such a discrepancy, namely a significant PFS difference and nonsigni‐
ficant OS difference, could be ascribed to the fact of the similar or even longer median OS (4.3
months) in the placebo arm in this study as compared to those (2.4-3.8 months) of BSC arms
in other second-line RCTs [10-12]. Therefore, one should remember that the longer survival
length in the control arm might diminish any statistical significance even when the experi‐
mental regimen is effective. Subsequently, a global REGARD trial [14] was able for the first
time to demonstrate that ramucirumab, a monoclonal antibody of vascular endothelial growth
factor receptor (VEGFR)-2, was significantly superior to placebo with regard to median OS (5.2
months versus 3.8 months, p=0.047) and median PFS (2.1 months versus 1.3 months, p<0.0001),
respectively. In addition, more patients receiving ramucirumab experienced stable or im‐
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proved QOL than those in the placebo arm. Finally, apatinib, a tyrosine-inhibitor agent
targeting VEGFR with an anticipated anti-angiogenesis effect, has been now tested in a clinical
trial (NCT 01512745) [15]. This study aims to determine whether apatinib can improve PFS or
OS compared to placebos.

Subsequently, a metaanalysis has very recently elucidated a 36% reduction in the risk of death
(p<0.0001) by second-line therapy [16], suggesting that second-line therapy is effective and
should be considered in some segments of GC patients refractory to first-line therapy.

3. Seeking the best regimen of second-line therapy

Several randomized trials have been released to explore the optimal combination and doses
for second-line therapy using the currently active agents or those deemed active. The agents
investigated by these trials include chemotherapeutic drugs [17-20], a molecular targeting
agent [21], and their combinations [22-26].

The efficacy of chemotherapy as a second-line setting has been investigated in several RCTs.
In the TCOG GI-0801 trial [17], median PFS was significantly longer (3.8 months, n=64) by
biweekly irinotecan plus cisplatin than by irinotecan alone (2.8 months, n=63), but median OS
did not differ between the arms (10.7 months versus 10.1 months). Notably, the proportion of
patients receiving third-line therapy was the same (75%) in both groups. The results of another
randomized trial (ECRIN) have been reported in the abstract form [18], in which irinotecan
plus cisplatin (n=84) was compared with irinotecan alone (n=84) in patients refractory to an
S-1 containing regimen. WJOG 4007 [19] is a RCT comparing weekly paclitaxel (n=108) with
biweekly irinotecan (n=111) in GC patients refractory to fluoropyrimidines plus cisplatin.
Although there are no statistically significant differences between weekly paclitaxel and
biweekly irinotecan for median OS (9.5 months vs 8.4 months, p=0.38), median PFS (3.6 months
vs 2.3 months, p=0.33), or response rate (20.9% vs 13.6%, p=0.24), the median OS of both arms
are equally longer than those of the previous second-line studies (Table 1, Figure 2). Several
explanations are possible for the longer median OS in this study. One explanation is the lower
proportion of patients with severe peritoneal metastasis in this study (25.6%) as compared
with those in the AIO [10] (45%) and Kang [11] (45%) studies. Another explanation is that the
proportion of patients receiving third-line therapy in this study was substantial, being 89.8%
in the paclitaxel arm and 72.1% in the irinotecan arm. Interestingly, the third-line therapy was
an irinotecan-containing regimen in 75% of patients of the paclitaxel arm and a taxane-
containing regimen in 60% of the irinotecan arm. Including later lines, 81% patients in the
paclitaxel arm received irinotecan and 68% of patients in the irinotecan arm received paclitaxel.
The more prolonged median OS in both arms of the WJOG 4007 than those of the previous
studies implies that both irinotecan and paclitaxel in second- and further-line settings could
potentially contribute to prolonged survival. The ongoing fourth RCT (JACCRO GC05) [20]
has been comparing irinotecan plus S-1 with irinotecan alone to GC patients refractory to S-1.
Since the standard regimen in adjuvant and advanced settings in Japan is respectively S-1 and
S-1 plus cisplatin, this study will provide one answer to the clinically important question of
whether the prolonged use of S-1 is effective even to the S-1 resistant patients whom the
clinicians face.
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Study drug Dose and schedule

Number of patients median OS median PFS

Study
arm

Control
arm

Study
arm

Control
arm

Study
arm

Control
arm

Thuss-Patience [10] Iriontecan 250-350mg/m2, q3w 21 19 4 2.4 2.5 ND
p=0.012

Kang [11]
Iriontecan or
Docetaxel

150mg/m2, q2w or
60mg/m2, q3w

133 69 5.3 3.8 ND ND

p=0.007
COUGAR-02 [12] Docetaxel 75mg/m2, q3w 84 84 5.2 3.6 ND ND

p=0.01
GRANITE-1 [13] Evelorimus 10mg/day 439 217 5.4 4.3 1.7 1.4

p=0.12 p<0.001
REGARD [14] Ramucirumab 8mg/kg, q2w 238 117 5.2 3.8 2.1 1.3

p=0.047 p<0.0001

OS; overall survival, PFS; progression free survival, ND; not described

Table 1. Published results of randomized controlled trials of second-line therapy versus best supportive care or
placebo.

The RCT comparing a molecular targeting agent with a chemotherapeutic agent has been
ongoing. HER2-positive advanced GC patients have been allocated to either trastuzumab
emtansine or taxane (GATSBY, NCT01641939) [21].

A combination of molecular targeting agents and chemotherapy agents has been investigated
in several RCTs. First, paclitaxel with or without lapatinib, which binds to the intracellular
tyrosine kinase domains of ERBB1 and ERBB2 (HER2), was compared in HER2-positive
advanced GC (TYTAN) [22]. Neither median OS nor median PFS were prolonged by lapatinib
plus paclitaxel (n=132) as compared to paclitaxel alone (n=129). Second, the results of the
RAINBOW trial [23,24], which compared ramucirumab plus paclitaxel with placebo plus
paclitaxel, have been very recently reported in the abstract form. Sixty hundred and sixty-five
GC patients, who were refractory to cisplatin and fluoropyrimidine-containing regimens, were
randomized in a 1:1 ratio to receive paclitaxel plus ramucirumab or paclitaxel plus a placebo.
The paclitaxel and ramucirumab arm showed a significant benefit in median OS (HR=0.807,
p=0.0169) and median PFS (HR=0.635, p<0.0001). The subsequent geographical region-
stratified analysis elucidated that the advantage of median PFS and median OS was more
evident in Western patients than in Japanese patients (Figure 2). Such a regional difference
could partly explained by a higher use of post-discontinuation treatment in Japan (75% of
patients) than in Western countries (36-38% of patients), which may eventually mask any
potential OS benefit of ramucirumab plus paclitaxel in Japan. Two other RCT trials [25,26] are
now ongoing. Paclitaxel with or without everolimus has been compared in patients with
advanced GC refractory to fluoropyrimidine containing regimens [25]. Patients will be
randomized in a 1:1 ratio for a total of 240 patients per treatment arm. Nimotuzumab plus
irinotecan versus irinotecan monotherapy as second-line therapy has been investigated in
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patients with ERBB1 overexpressed advanced GC [26]. This is a Japan and Korea collaborative
RCT allocating patients at 1:1 ratio for a total of approximately 400 patients per arm.

The results of some trials have been published; however, at present, trials in which the primary
endpoint has been met have been unfortunately very limited. The positive results hitherto
obtained include a prolonged PFS by a combination of irinotecan and cisplatin after the failure
of S-1 based first-line chemotherapy, and prolonged PFS and OS by ramucirumab in combi‐
nation with weekly paclitaxel. The results of other studies, especially using molecular targeting
agents, are awaited.

4. Consideration of adverse events

When considering second-line therapy, clinicians must be aware that, by definition, patients
receiving second-line therapy are not chemonaive and experience treatment failure; thus, they
are more likely to be resistant to therapy than first-line treatment. Furthermore, patient
performance status is more likely to deteriorate due to a recurrent cancer burden and treatment
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Figure 2. Comparisons of median OS between the previous RCTs. The percentage indicates the proportion of patients
receiving further therapy in each trial. The reference numbers are expressed in brackets. *; first-line trials, BSC; best
supportive care, PBO; placebo, Cape; capecitabine, Ox; oxaliplatin, EOC; epirubicin, oxaliplatin, and capecitabine, ND;
not described.
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against it. Indeed, widely ranging grades of gastrointestinal symptoms-related adverse events
occurred in a substantial proportion of patients in the BSC arms of clinical trials, suggesting a
poor quality of life even by the BSC. In addition, a more intensive regimen aiming at a
prolonged OS may cause a higher likelihood of severe adverse events that may result in
treatment discontinuation and limitation. For example, the DCF regimen caused 82% of grade
3-4 neutropenia and 29% of febrile neutropenia. Therefore, balancing efficacy and adverse
events should be taken into account when developing second-line therapy. The development
of more intensive while less toxic second-line regimens could be positioned as a breakthrough
marker of GC treatment, which can then ultimately achieve further survival prolongation
without treatment withdrawal.

In this context, another direction for research is to establish less toxic regimens with preserved
anticancer activity. As described earlier, the conventional first-line treatment comprises 5-
fluorouracil and emetogenic/nephrotoxic cisplatin. Therefore, the challenges for a less toxic
regimen are the substitution of oxaliplatin for nephrotoxic cisplatin [27,28] or substitution of
oral capecitabine for intravenous 5-fluorouracil [29]. Such substitutions aim to reduce toxicity
and maintain organ function, thus avoiding treatment withdrawal and prolonged treatment
duration.

Fluorouracil, leucovorin, and oxaliplatin (FLO) were associated with significantly less anemia,
nausea, vomiting, fatigue, renal toxicity, and serious adverse events related to the treatment
as compared with fluorouracil, leucovorin, and cisplatin (FLP) [27]. In addition, there was a
better trend toward improved median PFS by FLO than FLP. Similarly, as compared to SP, S-1
plus oxaliplatin (SOX) resulted in a reduced risk of grade 3/4 neutropenia (41.5% vs 19.5%)
and febrile neutropenia (6.9% vs 0.9%) while median PFS was similar between the two
regimens (5.4 months versus 5.5 months) [28]. These findings further support the possibility
that the substitution of oxaliplatin for cisplatin reduced toxicity while maintaining efficacy.
Accordingly, length of hospital stay per cycle of SOX regimen (0.85 day) was significantly
shorter than that for the SP regimen (6 days) [28]. Furthermore, capecitabine and cisplatin (XP)
versus 5-fluorouracil and cisplatin (FP) proved similar median OS (10.5 months versus 9.3
months), suggesting that the inconvenience of infusional 5-fluorouracil could be replaced by
oral capecitabine, thus realizing a more simplified dosing schedule [29]. Whether this concept
can be applied to second-line therapy warrants further investigation.

5. Future perspectives

With the development of a new generation of cytotoxic agents and molecular targeting agents,
the research field of GC treatment appears to be transitioning into a new era with a focus on
the targetable molecules in GC. Several molecular targeting agents are currently being
evaluated both in first- and second-line settings. The pending results of ongoing clinical trials
motivates researchers to continue the challenge of establishing the best second-line regimens
or less toxic combinations for the treatment of advanced GC.
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a. Clarifying the genetic alterations of targeted molecules and their interactions.

Unfortunately, in sharp contrast to colorectal cancer in which there has been a significant
achievement in treatment by the use of molecular targeting agents, only one agent (ramucir‐
umab) has been currently proved to be an agent for second-line therapy presumably due to
the genetic complexity and molecular heterogeneity of the disease.

Recent findings have highlighted the mechanisms of the actions of molecular targeting agents
or patterns of expression of targetable molecules in several tumors. For example, genetic
alterations that are critical for cell growth occur with considerably different frequencies, being
60%, 33%, and 32% in cancers of the pancreas, biliary tract, and colon, respectively [30].
Furthermore, certain combinations of targets are expressed in a mutually exclusive or co-
occurring manner in the same tumor. A mutually exclusive fashion would be a case being
KRAS and BRAF in colorectal cancer, or ERBB1 and KRAS in lung cancer [31]. The co-occurring
expression of targets is a case of being ERBB2 and PIK3CA in breast cancer [32]. With regard
to GC, although KRAS mutations are initially recognized as an infrequent phenomenon in GC
[33], the alterations and amplifications of other genes --both known or previously unreported--
have been subsequently found in a substantial number of GC patients in a mutually exclusive
manner [34,35] or co-amplified manner [36]. These findings create a challenge in the treatment
regimen with either a use of each blockade of each targetable molecule or a use of dual- or pan-
inhibitors of kinases [37]. In addition, elucidation of the roles of each domain in ERBB2 that
plays a role in resistance to anti-HER2 therapy further provides the theoretical basis to modify
therapeutic strategies to circumvent this resistance [38]. These advances may expand thera‐
peutic options, thereby making larger proportions of GC patients possible candidates for
molecular targeting therapies than previously appreciated. Accordingly, there may be a
desperate need for multiple gene profiling which could help establish rational molecular
criteria for patient inclusion and exclusion in clinical trials. Patient selection by gene profiling
may allow better patient recruitment for those most likely to respond to targeted therapies.

b. Positive and negative interactions between chemotherapy and molecular targeting
therapies.

It should be noted that the recent clinical trials of first-line molecular targeting therapies
regrettably resulted in some negative results [39-41] (Figure 2). The addition of cetuximab to
cisplatin plus capecitabine had a similar median PFS (4.4 months) and median OS (9.4 months)
compared to cisplatin plus capecitabine alone (5.6 months and 10.7 months, respectively) [39]
(EXPAND). Surprisingly, the addition of panitumumab to epirubicin, oxaliplatin, and
capecitabine (EOC) resulted in a significantly shorter (p=0.013) median OS (8.8 months)
compared to EOC (11.3 months) (REAL-3) [40]. Furthermore, lapatinib in combination with
capecitabine and oxaliplatin could not show any significant survival benefit (LoGiC) [41].
These negative results lead to speculation that there may be ideal combinations or compati‐
bility between chemotherapy and molecular targeting therapy. In addition, even the addition
of panitumumab to EOC achieved only similar median OS to those of the WCOG 4007 trial
(Figure 2) [19,40]. Therefore, a certain combination, such as anti-EGFR antibody and capeci‐
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molecular targeting therapies than previously appreciated. Accordingly, there may be a
desperate need for multiple gene profiling which could help establish rational molecular
criteria for patient inclusion and exclusion in clinical trials. Patient selection by gene profiling
may allow better patient recruitment for those most likely to respond to targeted therapies.

b. Positive and negative interactions between chemotherapy and molecular targeting
therapies.

It should be noted that the recent clinical trials of first-line molecular targeting therapies
regrettably resulted in some negative results [39-41] (Figure 2). The addition of cetuximab to
cisplatin plus capecitabine had a similar median PFS (4.4 months) and median OS (9.4 months)
compared to cisplatin plus capecitabine alone (5.6 months and 10.7 months, respectively) [39]
(EXPAND). Surprisingly, the addition of panitumumab to epirubicin, oxaliplatin, and
capecitabine (EOC) resulted in a significantly shorter (p=0.013) median OS (8.8 months)
compared to EOC (11.3 months) (REAL-3) [40]. Furthermore, lapatinib in combination with
capecitabine and oxaliplatin could not show any significant survival benefit (LoGiC) [41].
These negative results lead to speculation that there may be ideal combinations or compati‐
bility between chemotherapy and molecular targeting therapy. In addition, even the addition
of panitumumab to EOC achieved only similar median OS to those of the WCOG 4007 trial
(Figure 2) [19,40]. Therefore, a certain combination, such as anti-EGFR antibody and capeci‐
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tabine or oxaliplatin, may be ineffective or even interfere with the other. This speculation can
be supported by the observation that addition of cetuximab to oxaliplatin plus fluoropyrimi‐
dine-based chemotherapy failed to demonstrate survival benefits for advanced colorectal
cancer [42].

c. Need to evaluate the updated molecular profile.

Another obstacle for the progression of second-line treatment lies in the possibility that the
molecular profile of GC is likely to change under the stress of treatment. Generally, lower
response rates and shorter survival times in patients receiving second-line therapy than
chemonaive patients may partly be explained by such molecular changes that lead to a
resistance to therapy. Ideally, the on-demand tissue samples from tumor sites currently of
interest are needed to assess the updated genetic and molecular patterns and to predict
whether the planned second-line therapy is really effective. However, direct tumor tissue
sampling and subsequent gene analysis are often hampered by virtually inaccesible tumor
localization and by overly small sample volumes to perform gene analysis. It is necessary to
discover novel markers which can be alternatives for those obtained only by direct tumor tissue
sampling as well as to improvise new methods to assess them in order to select the right
patients for the right second-line regimen.

Motivated by the first promising results of trastuzumab use in the ToGA trial, several molec‐
ular targeting therapies have been challenged in clinical trials. Continuous efforts should be
necessary to clarify the mutation and amplification of targeted molecules, and novel methods
for their genetic profiling should probably become part of clinical routines. Ultimately, GC
patients harboring unique genetic profiles of targeted molecules should be allocated into
specific, suitable trials. Targeted therapies tailored to individual genetic profiles maximize
treatment efficacy because this allows the recruitment of selected, most suitable patients rather
than unselected ones [43].

6. Conclusions

Against the background of survival advantages of second-line therapy over BSC in GC patients
refractory to first-line treatment, efforts to establish the most effective regimens have been just
begun. Parallel to the development of molecular targeting agents, the investigated regimens
comprise doublet or triplet chemotherapeutic agents, molecular targeting agents, and their
combinations. In addition, the minimization of adverse events should be taken into account
to avoid treatment discontinuation. There is a desperate need to explore genetic mutations of
targeted molecules and the interactions between them, to establish novel methods to assess
them, to clarify the positive or negative interactions between chemotherapy and molecular
targeting agents, and to find regimens in which adverse events are least likely to occur for
avoiding treatment discontinuation. These could help determine rational molecular criteria
for patient inclusion and exclusion in clinical trials, realize the most efficient patient recruit‐
ment for those most likely to respond to therapies, and accelerate the establishment of the most
effective second-line therapy that could achieve greater survival prolongation.
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Chapter 6

A Comprehensive Fitness and Nutrition
Plan for Cancer Survivors

Karen Y. Wonders

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60268

1. Introduction

The American Cancer Society recommends that exercise serve as an important part of an
individual’s cancer care plan, asserting that exercise will decrease feelings of fatigue both
during and after treatment, and improve an individual’s feeling of control and hope [5]. This
is in light of more than two decades of research [6-9, 11, 19, 22], which support a link between
a physically active lifestyle and positive physiological changes in cancer survivors. These
include improvements in VO2max, blood volume, and gas exchange [13], improvements in
muscular strength and endurance [14], fatigue reduction [15 – 19], and improvements in
quality of life [19; 20; 23], anxiety [21, 22] depression [21; 24] body image [25], immune function
[26], and emotional well-being [22].

According to ACSM (Schmitz et al., 2010), the general objectives for exercise training among
cancer survivors are as follows:

1. To regain and improve physical function, aerobic capacity, strength, and flexibility.

2. To improve body image and QOL.

3. To improve body composition.

4. To improve cardiorespiratory, endocrine, neurological, muscular, cognitive, and psycho‐
social outcomes.

5. Potentially, to reduce or delay recurrence or a second primary tumor.

6. To improve the ability to physically and psychologically withstand the on-going anxiety
regarding recurrence or a second primary cancer.

7. To reduce, attenuate, and prevent long-term and late effects of cancer treatment.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



8. To improve the physiologic and psychological ability to withstand any current or future
cancer treatments.

With the right program, remaining physically active during and after cancer treatment will
have a favorable effect on symptom management and quality of life. As such, we wish to
present a step-by-step guide intended to assist an exercise trainer when working with a client
who has been diagnosed with cancer. This guide will begin with pre-participation paperwork
and will cover all pertinent information through exercise program development. Presented
are guidelines for both facility-based settings and a home-based setting. These techniques have
been employed by Maple Tree Cancer Alliance, a non-profit organization in southwest Ohio
whose mission is to improve the physical and spiritual well-being of individuals battling
cancer.

It is important to mention, however, that “cancer” is a broad term. No two cancer diagnoses
are alike. Similarly, no two patients are alike. With so many different forms of cancer existing,
each with its own treatment regimen, it is vital for the exercise trainer to remain in communi‐
cation with the patient’s physician. Equally important, is the need to personalize each exercise
program to the ever-changing needs of the patient. Therefore, the guidelines described in this
book are just that – guidelines. Adjustments can and should be made accordingly, where
appropriate.

2. Pre-participation paperwork

Obtaining information about the patient is vital to ensuring a safe and effective exercise
program. Before any exercise is conducted, the exercise trainer must learn all they can about
the patient’s medical and cancer history, treatment regimen, psychological well-being, exercise
history, as well as any pertinent negative side effects related to cancer treatment. The exercise
trainer will also want to have the patient’s physician sign a release form, and the patient sign
a waiver prior to beginning any exercise program.

3. Fitness assessment procedures

After all necessary paperwork is complete and the physician’s clearance has been signed and
returned, the exercise trainer may begin the exercise program development process. The first
step in this process a comprehensive fitness assessment. The purpose of the fitness assessment
is to determine the patient’s current level of fitness. This will assist in goal setting and exercise
program development. It is important to note, however, that cancer-specific norm charts have
yet to be developed. Thus, any score received on the fitness assessment will be compared to a
norm chart representative of a healthy population. Therefore, it would be wise to set goals that
are relatively modest, particularly when working with a patient who is currently in treatment.

At Maple Tree Cancer Alliance, we recommend conducting one test for each component of
fitness. To measure VO2, we utilize the Bruce Treadmill Protocol, and have each patient
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exercise to 75% of their estimated HRmax, or volitional fatigue. To measure body composition,
we conduct the 7-site skinfold assessment. Muscular endurance is measured via the partial
curl-up test. Muscular Strength is assessed via hand-grip dynamometer, and finally, flexibility
is measured with the modified sit-and-reach. For patients who undergo breast cancer surgery,
we also measure upperbody (flexion/extension) using the goniometer, and do upper extremity
circumference measurements to check for lymphedema.

4. Exercise prescription

Once the fitness assessment has been completed and reviewed, the cancer exercise trainer
designs an individualized exercise prescription for the patient, where recommendations
pertaining to the frequency, intensity, duration, mode, and progression of exercise are
addressed. Ideally, for an individual undergoing cancer treatment, the prescription will
include a whole-body workout that targets all the major muscle groups. The overall goal of
the exercise program should be to minimize the general de-conditioning that often results from
cancer treatment so that the cancer treatments are better tolerated. In general, the exercise
prescription should include a slow progression and demonstrate adaptability to changes in
the patient’s health status, which frequently will change from day-to-day during treatment.

At present, the optimal frequency, duration, and time course of adaptation to aerobic and
resistance exercise training in cancer patients are not known, although research indicates that
individuals undergoing cancer therapy benefit from low-to-moderate intensity aerobic and
resistance exercise [13]. Based on available data, Table 1 presents some general guidelines a
fitness professional may follow when designing an exercise program (Schmitz et al., 2010;
Physical Activities Guidelines Advisory Committee, 2008; Haskell et al., 2007; Schneider &
Carter, 2003).

Aerobic Training Strength Training Flexibility Training

Frequency 3-5 days/wk 2-3 days/wk 2-7 days/wk

Intensity 40-60% HRR* 40-60% HRR*
Stretch to the point of mild

discomfort

Duration 20-60 min/session
1-3 sets, 8-12 reps per

exercise
10-30 seconds per stretch

Mode
Walking, cycling, cross

trainers, swimming

Free weights, machines,
resistance bands, resistance

balls
Static stretching

Table 1. Guidelines for Designing an Exercise Prescription for Individuals Undergoing Cancer Treatment.

Initially, intensity will depend on the patient’s functional status and exercise history prior to
cancer diagnosis. Typically, previously active cancer patients may continue their exercise
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regimen, although intensity may need to be decreased during treatment. Progression should
consist of increases in frequency and duration rather than in intensity (Physical Activities
Guidelines Committee, 2008; Schneider & Carter, 2003).

5. Exercise program

5.1. Pre-exercise guidelines

Prior to each exercise session, the cancer exercise trainer must assess the patient’s readiness to
exercise. Resting heart rate and blood pressure should be measured, and general information
regarding the patient’s overall health status should be obtained. Contraindications to exercise
are listed in Table 2. Depending on the information attained from the patient, the exercise
intervention may need to be adjusted for that day.

Onset of nausea following exercise initiation

Vomiting within the last 24 hours

Leg pain

Decreased heart rate and blood pressure with increased workload

Chest pain

Difficult or shallow breathing

Unusual muscle weakness

Numbness in the extremities

Chemotherapy treatment within the last 24-hours

Irregular pulse during exertion

Disorientation and confusion

Dizziness

Table 2. Contraindications to exercise in cancer patients.

5.2. Supervised exercise training session

• Warm up: Each session should begin with a 5- to 10-minute warm-up that stimulates blood
flow to the working muscles. The warm-up should involve some mild stretching and light
aerobic activity.

• Aerobic Component: During the aerobic component of exercise, it is important to frequently
monitor blood pressure and heart rate. If the patient is on a medication that affects heart
rate, the Borg Scale of Exertion (Borg, 1973) (Figure 1) may be used to monitor intensity.
Based on this scale, a light-to-moderate intensity (RPE of 11 to 14) should be encouraged. If
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dizziness, nausea, or chest pain occurs, all exercise should be stopped. Frequent short breaks
are sometimes encouraged to accommodate therapy-related fatigue.

• Resistance Training: The type of resistance exercise performed will depend on the patient’s
range of motion, tissue removal, and wound healing. ACSM recommends at least 48 hours
of rest between each resistance training session (Schneider & Carter, 2003). Therefore, it may
be advisable to plan a whole body approach to resistance training, where all major muscle
groups are targeted in one day. If the patient is unwilling or unable to participate in
traditional modes of strength training, Yoga, or Pilates may serve as an alternative form of
strength exercise.

• Cool Down: Aerobic exercise should be followed up by static stretching and range of motion
exercises for all major muscle groups.

Figure 1. The Borg Scale Rating Perception of Effort (RPE).

6. Follow up

To assist in progression, patients should be reassessed approximately every 6 months (Schneid‐
er & Carter, 2003). In addition, it is advisable to maintain communication with the patient’s
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primary oncologist. The following form, used by Maple Tree Cancer Alliance, is sent to the
physician every 3-6 months, and is a simple way to keep the doctor abreast of the patient’s
progress.

7. Nutrition guidelines during cancer

Nutritional guidance during cancer treatments is very important, since cancer treatments
typically result in side effects that lead to eating problems. Such side effects include trouble
swallowing, sore mouth, dry mouth, thick saliva, altered taste and smell, nausea and vomiting,
decreased appetite and constipation. Nutritional interventions specific to these side effects
have been shown to contribute shorter hospital stays, decreased healthcare costs, faster
healing, increased tolerance to treatment duration and higher treatment dosages, as well as
decreased complications during their cancer treatment.

A registered dietitian may provide nutritional counseling, develop meal plans, and monitor
the body weight, caloric, and dietary needs of a person diagnosed with and being treated for
cancer. Ideally, each individual would be given a personalized dietary plan according to their
specific needs and goals. Dietary plans should be closely monitored and changed according
to the client’s changing nutritional health requirements throughout their battle with cancer.
The purpose of nutritional guidance is to help the patient:

• Improve quality of life

• Maintain a healthy weight

• Improve treatment tolerance

• Manage treatment-related side effects

• Improve eating habits

Sound nutrition practices include eating a variety of foods that will give the body the nutrients
needed to help fight cancer. Included in these nutrients are protein, fats, and carbohydrates,
as well as water, vitamins, and minerals.

Proteins are important for growth, immune system function, and building and repairing body
tissue. When protein is lacking in the diet, the body breaks down its muscle, which lowers
resistance to infection and makes it harder for the body to recover from illness. Good sources
of protein include lean meats, fish, poultry, eggs, dairy, nuts, beans, peas, and lentils.

Carbohydrates are a major source of energy for the body, giving it the energy it needs for
activity and proper function. Most of all carbohydrates turn into glucose after it is digested.
Glucose is used by the body to create adenosine triphosphate, the energy currency of the cells.
Glucose can also be stored, in the form of glycogen, in the liver and skeletal muscle. During
times of starvation or exercise, glycogen is broken down into glucose to be used to make energy.

When selecting dietary sources of carbohydrates, it is important to choose foods that don’t
have a dramatic effect on blood sugar. This can be done by examining the glycemic index of
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the food. Glycemic index is a number between 50-100 associated with food, that indicates its
effect on blood sugar. A lower glycemic index suggests slower rates of digestion and absorp‐
tion of the foods' carbohydrates, and may also indicate greater extraction from the liver and
periphery of the products of carbohydrate digestion. A lower glycemic response usually
equates to a lower insulin demand but not always, and may improve long-term blood glucose
control. Therefore, the best sources of carbohydrates are those that have a low glycemic index
(whole grains, peaches, strawberries, mushrooms, chillis, most vegetables, and seeds),
compared to high glycemic index foods (white breads and pastas, most commercial cereals,
bagels, white rice, and white potatoes).

Fats are a rich source of energy for the body. There are different types of dietary fat, and some
are better for the cancer patient than others. In general, monounsaturated and polyunsaturated
fats are better choices than saturated or trans fats. Monounsaturated fats are mainly in
vegetables, including olive, canola, and peanut oils. Polyunsaturated fats are the main fats
found in seafood, as well as safflower, sunflower, corn, and flaxseed oils. Saturated fats are
primarily found in animal sources, like meat, poultry, milk, cheese, and butter. Because
saturated fats can raise cholesterol, the American Cancer Society recommends that less than
10% of an individual’s calories come from saturated fat. (ACS, 2006). Trans fats are found in
foods made with partially hydrogenated vegetable oils, margarine, or shortening. They have
a negative effect on cholesterol and are not recommended in the diet.

8. Sound nutrition during treatment

Sound nutrition practices are very important during cancer treatment to help the body
maintain strength, prevent tissue break down, manage side effects, and maintain immunity.
The healthier an individual’s diet, the better they can tolerate treatments and the more effective
cancer treatments are in their body.

In general, a plant-based diet is ideal. At least 5 servings of fruits and vegetables are recom‐
mended each day, in a variety of colors. Colorful fruits and vegetables contain phytochemicals,
which have preventative or disease-protective properties. High-fat foods, especially those
from animal sources, should be avoided, as well as salt-cured, smoked, and pickled foods.
Small snacks may be ingested during the day, as caloric needs often increase during cancer
treatment. It may be helpful to keep a variety of protein-rich snacks on hand, including yogurt,
soup, cheese, and crackers.

It is also very important to ensure that the patient is getting enough fluids each day. These can
be in the form of water, juices, or other clear liquids that are sipped throughout the day. Fluids
are lost through vomiting or diarrhea, and may lead to dehydration if not replenished.

During treatment, there will most likely be days when side effects make eating difficult or
undesirable. On those days, it might be helpful to eat several small snacks throughout the day,
rather than three large meals. Liquid supplements or high-protein beverages might be helpful
to increase calories. Also, the patient should not be limited to food choices. In other words, if

A Comprehensive Fitness and Nutrition Plan for Cancer Survivors
http://dx.doi.org/10.5772/60268

125



they want to eat breakfast for dinner, or vice versa, it is okay. When eating is difficult, it is more
important to get calories in so that the patient can maintain strength. Then, on days when
appetite is good, the patient should be encouraged to eat as healthy as possible.

9. Food safety

Because cancer and its associated treatments can weaken the immune system, food safety is
essential. It is very important to avoid being exposed to germs when food is not handled or
prepared properly. Hand washing is very important anytime food is going to be handled or
eaten. Keeping food at the proper temperature and defrosting frozen foods correctly is also
very important. Fruits and vegetables should be washed thoroughly under running water
before peeling or cutting. Food that has been cut at the grocery store (i.e. melon or squash)
should be avoided. Use a clean knife and cutting board to cut different foods, and clean counter
tops with hot, soapy water. Foods should be cooked well, but not charred.

Once treatment ends, most eating-related side effects of cancer treatments go away. It is still
very important for the patient to continue to eat a healthy diet, in order to regain strength,
build tissue, and improve quality of life. Patients will want to continue to eat at least 5-7 fruits
and vegetables each day, especially those that are dark-green, deep-yellow, and citrus fruits.
Foods high in fiber, including whole-grain breads, should also be consumed. Red meat intake
should be limited to no more than 3-4 servings each week. Alcohol consumption should also
be limited. Salt-cured, smoked, and pickled foods, such as bacon, sausage, and deli meats,
should be avoided. Low-fat milk and dairy products should be selected, and food should be
prepared in such a way to reduce the total amount of fat (i.e. bake or broil over fry).
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tops with hot, soapy water. Foods should be cooked well, but not charred.

Once treatment ends, most eating-related side effects of cancer treatments go away. It is still
very important for the patient to continue to eat a healthy diet, in order to regain strength,
build tissue, and improve quality of life. Patients will want to continue to eat at least 5-7 fruits
and vegetables each day, especially those that are dark-green, deep-yellow, and citrus fruits.
Foods high in fiber, including whole-grain breads, should also be consumed. Red meat intake
should be limited to no more than 3-4 servings each week. Alcohol consumption should also
be limited. Salt-cured, smoked, and pickled foods, such as bacon, sausage, and deli meats,
should be avoided. Low-fat milk and dairy products should be selected, and food should be
prepared in such a way to reduce the total amount of fat (i.e. bake or broil over fry).
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1. Introduction

The phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathway is a critical regulator of many essential physiological processes, but it also
plays a key role in the malignant transformation of human tumors and their subsequent
growth, metabolism, proliferation, and metastasis [1]. Previous studies have demonstrated
that the PI3K/AKT/mTOR pathway is frequently activated in human cancers due to the somatic
mutation and amplification of genes encoding key components [2,3]. In addition, aberrant
PI3K/AKT/mTOR signaling activation also confers resistance to conventional therapies and is
a poor prognostic factor for many types of cancers [4,5]. Several agents that target the
PI3K/AKT/mTOR cascade elements are undergoing evaluation in preclinical and clinical
studies. These include PI3K inhibitors, AKT inhibitors, mTOR catalytic site inhibitors, and dual
PI3K-mTOR inhibitors. This chapter focuses on recent preclinical and clinical data on the
efficacy of PI3K/AKT/mTOR pathway inhibitors either as monotherapy or in combination with
conventional chemotherapy or others target drugs. Herein, we review four different classes of
PI3K pathway inhibitors: PI3K inhibitors, AKT inhibitors, mTOR catalytic site inhibitors, and
dual PI3K-mTOR inhibitors.

2. The PI3K/AKT/mTOR pathway

The PI3K/AKT/mTOR constitutes an important pathway downstream of growth factor
tyrosine kinase receptors, thus regulating a plethora of biological processes as angiogenesis,
proliferation, metabolism, survival, and differentiation [3]. Accumulating evidences indicate,

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



therefore, that alterations in the PI3K/AKT/mTOR axis play critical and multifaceted role in
cancer pathogenesis and progression. Indeed, systematic analysis performed in 3.281 tumors
from 12 cancer types of the Cancer Genome Atlas Pan-Cancer effort has revealed that elements
of the PI3K/AKT/mTOR signaling pathway are among the highest frequently mutated genes
in cancer, such as uterine corpus endometrioid, breast, colon, lung, head and neck, and ovarian
carcinomas [4,5].

Subunit Protein Gene name (human)

Class I
Class IA

Catalytic p110α PIK3CA

p110β PIK3CB

p110δ PIK3CD

Regulatory p50α, p55α, p85α PIK3R1

p85β PIK3R2

p55γ PIK3R3

Class IB

Catalytic p110γ PIK3CG

Regulatory p101 PIK3R5

p84, p87 PIK3R6

Class II

Catalytic PI3KC2α PIK3C2A

PI3KC2β PIK3C2B

PI3KC2γ PIK3C2G

Class III

Catalytic Vps34 PIK3C3

Regulatory Vps15 PIK3R4

Table 1. The PI3K proteins family

PI3K is a heterodimer of its catalytic and regulatory subunits and has been classified as class
I, II, and III. Class I PI3K is constituted by four 110-kDa catalytic subunits and two main
regulatory domains, which is subdivide in class IA and IB. Class IA PI3K (PI3K α, β, and δ) is
activated by receptors with tyrosine kinase activity, and class IB PI3K (PI3K γ) is activated by
G protein-coupled receptors. The class IA enzymes are dimers of p110α, p110β, or p110δ
catalytic subunits and the regulatory subunits p85α (or its splice variants p55a and p50a),
p85β, p55γ, p101, or p84 [6,7]. In turn, class IB enzymes are dimers of p110γ catalytic subunit
and either p101 or p84 (also known as p87PIKAP) regulatory subunits [8]. The four class I
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catalytic isoforms share overlapping but distinct functions. Although the expression of p110c
and p110d isoforms seems to be confined to immune cells, p110a and p110b are ubiquitously
expressed but exhibit isoform-specific cell-type- and context-dependent requirements, thus
being involved in a wide range of cellular effects [9–13]. Class II PI3K (PI3KC2) subfamily has
additional domains in both N- and C-terminal extensions and exists as 3 isoforms, PI3K-C2α,
PI3K-C2β, and PI3K-Cγ [14]. On the other hand, class III PI3K occurs as a single isoform
constituted by the catalytic subunit Vps34p and regulatory subunit Vps15 [14] (Table 1).

The PI3K family recruits effector proteins, altering their localization, activity, and conforma‐
tion. There are some binding proteins domains that mediate such events [14]. The best-
characterized domains among them are FYVE (Fab 1, YOTB, Vac 1, EEA1) [15–17], PH
(pleckstrin homology) [18], and PX (Phox) [19-23]. Nonetheless, the peculiar composition of
the three PI3K subfamilies results in the activation of distinct cellular functions.

In brief, after activation by receptor tyrosine kinases, including members of platelet-derived
growth factor receptor, the insulin and insulin-like growth factor 1 (IGF-1) receptors and
human epidermal growth factor receptor family (EGFR and HER2), PI3K phosphorylates
phosphatidylinositol 4,5-trisphosphate (PIP2) to generate phosphatidylinositol 3,4,5-trisphos‐
phate (PIP3) [24]. In physiological conditions, the level of PIP3 is strictly regulated by PTEN
(phosphatase and tensin homolog), a phosphatase that specifically catalyzes the dephosphor‐
ylation of PIP3, converting PIP3 back to PIP2, thus constituting an important endogenous-
negative feedback loop of the PI3K signaling pathway [25,26]. The lipid product of PI3K, PIP3,
recruits a subset of signaling proteins with PH domains to the membrane, including 3-
phosphoinositide-dependent protein kinase (PDK1) and AKT, resulting in its phosphorylation
at threonine-308 and activation [24].

In both physiological and pathological conditions, AKT exists in three isoforms in mammals:
AKT1, AKT 2, and AKT 3 [27,28]. AKT phosphorylates tuberous sclerosis complex 2 (TSC2),
thereby inhibiting the GTPase activity of the TSC1/TSC2 complex and enabling mTOR
activation by RAS homologue enriched in brain (RHEB), thus allowing signal propagation
[26,29]. mTOR exists in two different structural protein complex: mTORC1 and mTORC2, each
of which is expressed in different subcellular compartments, therefore affecting their activation
and function. mTORC1 complex is composed of a catalytic subunit mTOR, regulatory-
associated protein of mTOR (RAPTOR), mammalian lethal with SEC13 protein 8 (MLST8), and
the noncore components PRAS40 and DEP domain-containing mTOR-interacting protein
(DEPTOR). Once activated, mTORC1 leads to increased protein synthesis via its effectors,
named translation-regulating factors ribosomal S6 kinase-1 (S6K-1) and eukaryote translation
initiation factor 4E binding protein-1 (4EBP-1). S6K-1 and 4EBP1 are major regulators of protein
translation [30]. On the other hand, mTORC2 is composed by rapamycin-insensitive compan‐
ion of mTOR (RICTOR), MLST8, and mammalian stress-activated protein kinase interacting
protein 1 (SIN1). The function of mTORC2 remains not fully understood, but it is required to
phosphorylate AKT at serine-473, thus resulting in its maximal activation [31]. Of clinical
relevance, differently from mTORC1, mTORC2 is insensitive to rapamycin inhibition, opening
an avenue for drug discovery in face of the development of resistance by cancer cells against
first-generation mTOR inhibitors (rapalogs) that particularly target mTORC1 [32] (Figure 1).

Targeting the PI3K/AKT/mTOR Pathway in Cancer Cells
http://dx.doi.org/10.5772/61676

131



Figure 1. Overview of Pl3K/AKT/mTOR signaling pathway and some inhibitors of this pathway in clinical studies. The
activation of the PI3K by receptor tyrosine kinases promotes conversion of PIP2 to PIP3. PTEN dephosphorylates PIP3,
negatively regulating the PI3K signaling. The phosphorylation and activation of AKT impacts many downstream ef‐
fectors, such as mTORCI, and finally leads to multiple cellular processes.

3. The role of PI3K/AKT/mTOR in cancer

Somatic mutations and/or gains and losses of genes are possible genetic alterations affecting
the PI3K/AKT/mTOR pathway in different solid and hematological tumors [33,34]. Indeed,
PI3K pathway can be activated by direct upstream signs and can be intrinsically activated due
to gain of functional mutations or amplifications in PIK3CA (p110 subunit), mutations in
PIK3R (p85 subunit), and mutations or amplifications in one of the AKT isoforms or loss of
PTEN [35]. Loss of PTEN via inactivating mutations, due to either copy number loss or
homozygous deletions, is associated with both resistance to chemotherapy and reduced
survival of human patients [3].

PIK3CA mutations in primary breast tumors have been associated with lymph node metasta‐
ses and overexpression of ER, PR, and HER2 [36]. Furthermore, the presence of activating
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PI3KCA mutations and loss of PTEN in HER2-overexpressing cancers is correlated with a
lower response to trastuzumab and lapatinib [37]. In non-small cell lung cancer, the downre‐
gulation of PTEN is also related with poor prognosis [38,39]. In ovarian cancer, PI3K/AKT/
mTOR molecular alteration appears to be histological subtype specific. Studies have described
amplifications in PIK3CA, amplifications of one of the AKT isoforms, and PTEN deletions in
20%, 15%, and 5% of the high grade serous ovarian cancer (HGSOC) cases, respectively [40,41].
The individual mutations, rare events in HGSOC, are prevalent in low grade serous, mucinous,
endometrioid, and clear cell ovarian cancer; 20% of endometrioid and 35% of clear cell ovarian
tumors display these PIK3CA mutations [42,43]. Besides, copy number changes in the genes
encoding PIK3CA and PIK3CB subunits have been associated with a poor prognosis, and the
inhibition of PI3K/mTOR was found to delay tumor growth and prolong survival [44,45].

Moreover,  mutations  of  mTOR  itself  and/or  in  components  of  mTOR-related  signaling
pathways have frequently been described in human malignant diseases [46-48]. Different
genetic  lesions  that  mediate  mTORC1 activation  have  diverse  consequences:  PTEN loss
uncouples  mTORC1  activation  from  growth  factor  signaling;  liver  kinase  B1/serine/
threonine  kinase  11  (LKB1/STK11)  mutations  allow mTORC1 activation despite  nutrient
deprivation in poorly vascularized tumors; P53 mutations uncouple DNA damage from the
inhibition of bioenergetic processes and cell cycle arrest [49]; and hyperactivation of S6K-1,
4EBP1  and  eIF4E,  and  cancer  growth  by  activating  the  lipid  and  protein  biosynthesis.
Furthermore, the increased phosphorylation of mTOR is associated with acquired cispla‐
tin resistance, and AKT signaling has been implicated in primary platinum resistance [50].
In fact,  AKT or mTOR inhibitors likely restore chemosensitivity to platinum derivates in
vitro and in xenograft models [51,52].

These molecular alterations, in addition to the druggability of the components of the
PI3K/AKT/mTOR signaling cascade, suggest that targeting the pathway might represent a
useful treatment strategy in the fight against cancer.

4. PI3K inhibitors in cancer therapy

As aforementioned, PI3K/AKT/mTOR pathway has been implicated in tumorigenesis,
promotion of cell survival, angiogenesis, cellular invasion, tumor growth, and the acquisition
of chemoresistant phenotype by cancer cells [1]. Currently, more than fifty PI3K/AKT/mTOR
axis inhibitors are in different stages of development, with a great number of such inhibitors
reaching clinical trials [53]. Analogs of rapamycin (inhibitors of mTORC1), temsirolimus and
everolimus, are currently in the lead, having already been approved by the Food and Drug
Administration (FDA) as anticancer agents [54-56]. The PI3K/AKT/mTOR pathway inhibitors
are summarized in Table 2.

4.1. PI3K inhibitors

PI3K inhibitors can be divided in isoform-specific inhibitors or pan-PI3K inhibitors. pan-PI3K
inhibitors target all class IA PI3Ks in tumor cells, whereas isoform-specific inhibitors were
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developed to decrease toxicity and might be particularly effective in cancers with PIK3CA
mutations, for example.

The first-generation of PI3K inhibitors include wortmannin, a fungal metabolite isolated from
Penicillium wortimannin that irreversibly inhibits p110 by reacting covalently with the catalytic
site [57], and LY294002, a synthetic, competitive, and reversible inhibitor of the ATP binding
site of PI3K [58]. Both agents achieve significant antiproliferative and pro-apoptotic effects in
preclinical in vitro and in vivo studies. However, unfavorable pharmacokinetic properties,
insolubility in water, high levels of toxicity, and lack of selectivity for oncogenic isoforms of
Class I PI3K limit its use in clinical trials [59,60]. Although this limiting features for their clinical
use, wortmannin and LY294002 have served as important research tool for elucidating diverse
signal transduction processes involving PI3K pathway and has spawned a new generation of
PI3K inhibitors [61] (Table 2).

Currently, water-soluble wortmannin conjugates are being developed to overcome this issue.
PX-866 is a semisynthetic analog of wortmannin with potent, irreversible, pan-class I PI3K
inhibitory property against p110-α, p110-δ, and p110-γ enzymes in biochemical assays [62]. In
preclinical studies, the compound alone or in combination with chemotherapy (cisplatin),
radiotherapy, and targeted cancer drugs (gefitinib) exhibited in vivo antitumor activity against
numerous mouse xenograft models of human cancers [62,63]. In addition, a phase I study in
eighty-four patients with advanced solid tumors showed that PX-866 is well tolerated. The
most frequent study drug-related adverse events were gastrointestinal disorders, with
diarrhea being the most common [64]. PX-866 is being currently tested in a combination phase
I/II studies with cetuximab (NCT01252628) in squamous cell carcinoma of the head and neck
(SCCHN) and in metastatic colorectal carcinoma. Furthermore, more two phase I/II studies
with PX866 are ongoing: with docetaxel (NCT01204099) in non-small cell lung cancer and
SCCHN and in combination with vemurafenib in patients with advanced melanoma
(NCT01616199).

Buparlisib (NVP-BKM120) is an oral highly specific pan-class I PI3K inhibitor with inhibitory
property against p110-α, p110-β, p110-δ, and p110-γ enzymes [65]. The compound is also active
against activating p110α somatic mutations but does not significantly inhibit the related class
III and class IV PI3K kinases. In preclinical cancer studies, buparlisib has shown antiprolifer‐
ative and proapoptotic activity against a panel of 353 cell lines that display different genetic
abnormalities that promote PI3K pathway activation [66]. In vivo studies have also shown that
buparlisib potently inhibits the growth of human xenografts models and behaves synergisti‐
cally when combined with cytotoxic agents such as temozolomide, alkylating agent, and
docetaxel, antimitotic drug, or with targeted agents such as HER2 and mitogen-activated
protein kinase kinase (MEK) inhibitors [66].

A phase I dose-escalation study in thirty-five patients with advanced-stage solid tumors
showed that buparlisib is a safe and well-tolerated drug with favorable pharmacokinetic
properties. The major treatment-related adverse events included rash, hyperglycemia,
diarrhea, anorexia, mood alteration, nausea, fatigue, pruritus, and mucositis [67]. Importantly,
hyperglycemia was more common at higher doses and represents a class effect of the inhibition
of PI3K signaling, commonly observed with other PI3K/AKT/mTOR pathway inhibitors [67].
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(SCCHN) and in metastatic colorectal carcinoma. Furthermore, more two phase I/II studies
with PX866 are ongoing: with docetaxel (NCT01204099) in non-small cell lung cancer and
SCCHN and in combination with vemurafenib in patients with advanced melanoma
(NCT01616199).

Buparlisib (NVP-BKM120) is an oral highly specific pan-class I PI3K inhibitor with inhibitory
property against p110-α, p110-β, p110-δ, and p110-γ enzymes [65]. The compound is also active
against activating p110α somatic mutations but does not significantly inhibit the related class
III and class IV PI3K kinases. In preclinical cancer studies, buparlisib has shown antiprolifer‐
ative and proapoptotic activity against a panel of 353 cell lines that display different genetic
abnormalities that promote PI3K pathway activation [66]. In vivo studies have also shown that
buparlisib potently inhibits the growth of human xenografts models and behaves synergisti‐
cally when combined with cytotoxic agents such as temozolomide, alkylating agent, and
docetaxel, antimitotic drug, or with targeted agents such as HER2 and mitogen-activated
protein kinase kinase (MEK) inhibitors [66].

A phase I dose-escalation study in thirty-five patients with advanced-stage solid tumors
showed that buparlisib is a safe and well-tolerated drug with favorable pharmacokinetic
properties. The major treatment-related adverse events included rash, hyperglycemia,
diarrhea, anorexia, mood alteration, nausea, fatigue, pruritus, and mucositis [67]. Importantly,
hyperglycemia was more common at higher doses and represents a class effect of the inhibition
of PI3K signaling, commonly observed with other PI3K/AKT/mTOR pathway inhibitors [67].
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Later, phase I dose-escalation and expansion study of buparlisib was performed in eighty-
three patients with advanced solid tumors demonstrating that buparlisib was well tolerated
up to 100 mg/day and showed preliminary activity in patients with advanced cancers [68].
This subsequently led to the initiation of several clinical trials in multiple cancer types, such
as non-small cell lung cancer, prostate cancer, breast cancer, colon cancer, and glioblastoma
multiform (GBM).

BASALT-1, an ongoing phase II trial (NCT01297491), is investigating the efficacy of single-
agent buparlisib in patients with metastatic non-small cell lung cancer with PI3K pathway
activation. Furthermore, phase Ib/II is under evaluation in patients with advanced non-small
cell lung cancer of different histotype, testing buparlisib in combination with other targeted
agents such as everolimus (NCT01470209), erlotinib (NCT01487265), MEK inhibitor
(NCT01363232), or in combination with standard chemotherapeutic drugs, such as docetaxel
(NCT01911325), gemcitabine, and cisplatin (NCT01971489) and carboplatin and paclitaxel
(NCT01820325).

At present, several active, not recruiting, and recruiting clinical trials are being conducted in
all the biological subsets of breast cancer, including combinations with endocrine therapy, anti-
HER2 agents, poly (ADP-ribose) polymerase (PARP) inhibitors, and chemotherapy with
buparlisib. Two large phase III studies (BELLE-2 and BELLE-3) (NCT01610284, NCT01633060)
are investigating the combination of buparlisib plus fulvestrant in postmenopausal women
with hormone receptor-positive/HER2-negative breast cancer after failure of aromatase
inhibitor alone or aromatase inhibitor plus mTOR inhibitor treatment, respectively. Another
ongoing clinical study is BELLE-4, a placebo-controlled phase II trial of buparlisib with
paclitaxel in the first-line treatment of HER2-negative metastatic breast cancer (NCT01572727).
Buparlisib has also been evaluated in a phase II study of paclitaxel plus trastuzumab in HER2-
overexpressing breast cancer (NCT01816594).

Pilaralisib (XL147) is an oral pan-class I PI3K inhibitor (α, β, γ, and δ) through reversible,
competitive inhibition with ATP for p110-α, -δ, -γ, and -β enzymes [69]. In vitro tests revealed
that pilaralisib inhibits the formation of PIP3 in the membrane and phosphorylation of AKT
and S6K-1 in multiple tumor cell lines with diverse genetic alterations in PI3K pathway [70].
Moreover, in mouse xenograft models, oral administration of pilaralisib results in significant
tumor growth inhibition and combination with chemotherapeutic agents improved the
growth-inhibitory effect observed with the single agents [71]. Based on this preclinical
rationale, pilaralisib has been evaluated in phase I/II clinical trials.

In a phase I dose-escalation trial of sixty-nine patients with advanced solid tumors, pilaralisib
was tolerable at doses associated with PI3K pathway inhibition, and the most frequent drug-
related adverse events included dermatologic toxicities, diarrhea, nausea, and decreased
appetite [72]. However, a phase I dose-escalation study of pilaralisib with erlotinib in patients
with solid tumors showed that combination had limited antitumor activity with moderate
inhibition of PI3K, MAPK and EGFR pathways [73]. Moreover, phase I/II study of pilaralisib
in combination with trastuzumab or trastuzumab plus paclitaxel in trastuzumab-refractory
HER2-positive metastatic breast cancer related that no responses were observed in patients
treated with pilaralisib plus trastuzumab while clinical activity was observed in paclitaxel arm
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[74]. Additional clinical evaluation of this PI3K inhibitor is ongoing in phase I/II studies
(NCT01587040).

Pictilisib (GDC-0941) is another potent, selective, and orally bioavailable inhibitor of pan-class
I PI3K. In biochemical assays, pictilisib demonstrates selectivity over a large panel of protein
kinases and PI3K family kinases, including mTOR and DNA-dependent protein kinase (DNA-
PK) [75]. Interestingly, pictilisib induces apoptosis in a subset of human tumor cell lines and
potently inhibited tumor growth in xenograft models, including those with mutations in PI3K,
PTEN, and K-Ras [76]. Significant in vivo antitumor activity has also been observed when
administered orally in combination with other anticancer drugs, for example, docetaxel and
MEK inhibitor U0126 [77-80].

In a first-in-human phase I study of pictilisib in sixty patients with advanced solid tumors, the
most frequently reported drug-related adverse events were nausea, fatigue, and rash [81].
Importantly, one patient with V600E BRAF-mutant melanoma and another with platinum-
refractory ovarian cancer exhibiting PTEN loss and PIK3CA amplification demonstrated
partial response [81]. Pictilisib is currently under evaluation in several phase I/II clinical trials,
mainly in non-small cell lung cancer and breast cancer (NCT01918306, NCT01740336,
NCT01493843, and NCT00974584).

One strategy to achieve significant pathway inhibition clinically with tolerable adverse effect
profile is the use of isoform-specific PI3K inhibitors. As aforementioned, each isoform has
distinct role in normal physiological processes and disease (Table 1). PI3K catalytic subunit
p110α is predominantly responsible for mediating growth factor signaling from receptor
tyrosine kinases and is a frequent genetic driver (PIK3CA mutations) in several cancers [82].
However, p110α is dispensable for PI3K pathway activation in tumors lacking PTEN. Thus,
these cells depend largely on p110β to activate the pathway [82,83]. Preclinical tests showed
that p110β-selective inhibitors had a significantly greater activity in cell lines with PTEN null
than in those with PTEN intact, although, some PTEN-intact cell lines were sensitive and a
number of cells lines lacking PTEN were resistant [84]. GSK-2636771 is a PI3K p110β-selective
inhibitor currently in phase I studies in subjects with advanced solid tumors with PTEN
deficiency (NCT01458067). Moreover, PI3Kδ is predominantly expressed in leukocytes and
control immune responses [85]. Idelalisib (CAL-101), a highly specific PI3Kδ inhibitor, was the
first isoform-specific PI3K inhibitors approved for cancer treatment [86].

Alpelisib (NVP-BYL719) is an oral inhibitor that selectively targets PI3K p110α equipotent
against the wild type and the most common somatic mutations of p110α [87]. NVP-BYL719
has been the first PI3Kα-selective inhibitor to enter in clinical trials after positive preclinical
investigations. In vivo studies have demonstrated dose-dependent antitumor activity of NVP-
BYL719 in PIK3CA-mutant or PIK3CA-amplified tumor xenograft models, such as ovarian,
breast, and head and neck cancers [88, 89]. Preliminary results of phase I study performed in
patients with advanced solid tumors carrying PIK3CA gene alterations demonstrated that
NVP-BYL719 has a favorable safety profile with manageable toxicities, as hyperglycemia,
nausea, diarrhea, decreased appetite, vomiting, and fatigue [90]. To date, more than fifteen
clinical trial is ongoing in order to evaluate the combination of NVP-BYL719 with several
agents, such conventional cytotoxic drugs (paclitaxel, cisplatin, and irinotecan) and target
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drugs (cetuximab, olaparib, and trastuzumab) in a subset of cancers (NCT02051751,
NCT01822613, NCT01602315, NCT01623349, and NCT02167854)

Taselisib (GDC-0032) is a PI3K inhibitor with higher affinity for mutated PI3Kα with reduced
inhibitory activity against PI3Kβ [91]. Preclinical studies show that taselisib has enhanced
activity against PI3Kα isoform mutant cancer cell lines [92]. In an ongoing phase I study,
taselisib has been well tolerated with hyperglycemia and fatigue being the dose-limiting
toxicities [93]. This selectivity profile and excellent pharmacokinetic properties allowed fewer
clinical studies with GDC-0032. Currently, several clinical studies are ongoing to evaluate the
combination of taselisib with endocrine therapy, trastuzumab, and conventional chemother‐
apy in breast cancer (NCT02285179, NCT02390427, and NCT01862081). In addition, a phase I
study is currently ongoing in taselisib with CDK4/6 inhibitor, palbociclib, in advanced solid
tumors and breast cancer (NCT02389842).

Idelalisib was approved in 2014 in the United States and European Union for the treatment of
three indolent B-cell neoplasms: relapsed chronic lymphocytic leukemia, in combination with
rituximab, relapsed follicular B-cell non-Hodgkin’s lymphoma, and relapsed small lympho‐
cytic lymphoma (as monotherapy) [94]. In lymphoid cell lines and primary patient samples,
idelalisib abrogates PI3K/AKT/mTOR signaling and promotes apoptosis [95,96]. The first
phase I trial in healthy volunteers established the bioavailability and safety of idelalisib [97].
Another phase I study in patients with relapsed/refractory mantle cell lymphoma reported the
most common adverse events, which includes diarrhea, nausea, pyrexia, fatigue, rash, upper
respiratory infection, pneumonia and alanine transaminase, or aspartate transaminase
elevations [98]. To date, about twenty-five clinical trials are ongoing with idelalisib. A phase
I/II trial studies aimed evaluated idelalisib in combination with lenalidomide and rituximab
in patients with relapsed or refractory mantle cell lymphoma (NCT01838434). In addition,
idelalisib is being evaluated in combination with rituximab in adults with previously treated
indolent non-Hodgkin lymphoma (NCT01732913).

5. AKT inhibitors in cancer therapy

AKT inhibitors constitute another class of drugs that has gained recent interest. As discussed
previously, AKT is involved in the regulation of various signaling downstream pathways
involved in cell survival, growth, proliferation, metabolism, and angiogenesis. AKT inhibition
promotes decreasing cancer cell survival by preventing signal transduction through its
downstream effectors. In addition, targeting AKT is an interesting pharmacological approach
due to the AKT activation in consequence of the feedback loop release when mTOR is inhibited.

AKT inhibitors can be grouped into three classes, including lipid-based phosphatidylinositol
(PI) analogs, ATP-competitive inhibitors (catalytic inhibitors), and allosteric inhibitors. To
date, the most developed inhibitor of AKT is perifosine (KRX-0401), a lipid-based inhibitor.
Perifosine is an allosteric inhibitor that targets the PH domain of AKT, thereby preventing its
translocation to the plasma membrane required for pathway activation [99]. Perifosine has
demonstrated great efficacy in vitro and in vivo against several human cancers such as breast,

Targeting the PI3K/AKT/mTOR Pathway in Cancer Cells
http://dx.doi.org/10.5772/61676

137



osteosarcoma, ovarian, multiple myeloma, leukemia, and glioma [100,101]. Additional in
vitro data demonstrate synergistic effects of perifosine and traditional chemotherapeutic
agents such as paclitaxel and cisplatin in ovarian cancer [102,103], etoposide in leukemia cells
[104], doxorubicin in multiple myeloma cells [105], and gemcitabine in pancreatic cells [106].

Despite these encouraging preclinical studies, results from phase I/II clinical trials of perifosine
as single agent in a various tumor types (metastatic breast cancer, metastatic head and neck
cancer, locally advanced soft tissue sarcoma, prostate cancer, and metastatic

In behalf of the poor efficacy of perifosine as a single agent observed in most tumor types
evaluated thus far, efforts have been made to combine this drug with target agents and
chemotherapy. Phase I studies have now confirmed the safety of these combinations with
different agents, including sorafenib in patients with Hodgkin lymphoma and taxanes in high-
grade epithelial ovarian cancer [112,113]. Currently, one clinical trial with perifosine is
recruiting patients, a phase II study with perifosine and temsirolimus in patients with
malignant gliomas (NCT02238496).

GSK-690693 is a potent ATP-competitive AKT inhibitor selective for all three AKT isoforms
versus the majority of kinases assessed by biochemical tests [114]. GSK690693 displayed
antiproliferative activity in vitro and in vivo models of ovarian, breast, and prostate cancer
[114]. The compound has entered phase I trials for refractory hematologic malignancies but
was withdrawn prior to enrolment (NCT00666081).

6. mTOR inhibitors in cancer therapy

6.1. Rapamycin and its derivatives

As discussed previously, mTOR is involved in many cell signaling pathways, and clinical trials
for cancer treatment showed that tumor cells with mutations in p53 or PTEN are susceptible
to mTOR inhibitors [115]. mTOR inhibitors are categorized in first- and second-generation
presenting a wide variety of target and mechanism. The first-generation mTOR inhibitors
include rapamycin and its analogs that employ allosteric mechanism to block, whereas the
second-generation mTOR inhibitors (AZD8055, Torin1, PP242, and PP30) have as target ATP
binding site to impede kinase activity of both mTORC1 and mTORC2 [116].

Rapamycin, discovered in 1975, is a macrocyclic lactone isolated from the soil bacterium
Streptomyces hygroscopicus, and it has clinical applications including antifungal, immunosup‐
pressant, and anticancer proprieties [117,118]. FDA approved this drug in 1997 for prevention
of host-rejection during kidney transplants [119]. Preclinical studies have shown that rapa‐
mycin presents strong antiangiogenic and antiproliferative properties against a variety of
human cancers such as the phase II study, which showed rapamycin potentiates the effect of
paclitaxel in endometrial cancer cell lines [120].

Three different mechanisms of action have been proposed: first, the binding of the FKBP-12–
rapamycin complex to mTOR that could lead dephosphorylation of downstream effector
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molecules such as S6K-1 and 4EBP1 [121]; second, the FKBP-12–rapamycin complex competes
with phosphatidic acid to bind to the FRB domain of mTOR, blocking mTOR kinase function
[122]; and third, the FKBP-12–rapamycin complex bounds to mTOR and destabilizes the
mTOR–raptor–4EBP1/S6K-1 scaffold complex, leading to dephosphorylation of S6K-1 and
4EBP1 [123,124].

This inhibitor has limited bioavailability due to its poor aqueous solubility. In an effort to
improve its pharmacokinetics, several rapamycin analogs, named rapalogs, have been
developed, such as temsirolimus (CCI-779), everolimus (RAD001), and ridaforolimus
(MK-8669/AP23573) [125-127].

Some studies have shown that these compounds are able to disrupt the mTORC2 complex in
a dose-, time-, and cell type-dependent manner [24,128,129]. A possible mechanism by which
rapamycin and rapalogs could inhibit mTORC2 relies on the interaction of newly synthesized
mTOR molecules and rapamycin/rapalogs-FKBP12 complexes. In turn, this interaction would
prevent mTOR from the interaction with RICTOR, thus inhibiting mTORC2. Indeed, it has
been shown that prolonged exposure of cancer cells to rapamycin can promote its binding to
mTOR before the assembly of the mTORC2 complex, with subsequent inhibition of the AKT-
mediated signaling [24].

Rapamycin and its derivates exhibit a safe toxicity profile, being the side effects of skin rashes
and mucositis dose dependent [130]. Other symptoms commonly described are fatigue,
nausea, anemia, hypertriglyceridemia, hypercholesterolemia, and neutropenia [131]. Further‐
more, temsirolimus and sirolimus are associated with significant rate of pulmonary toxicity
[130,131]. Rare side effects of the aforesaid drugs include interstitial lung disease, risk of
secondary lymphoma, and reactivation of latent infections [35].

Everolimus (Afinitor®), the oral mTOR inhibitor, has been approved by the FDA in 2009 for
advanced renal cell cancer. Everolimus exhibit strong antiangiogenic and antiproliferative
activity against various human cancer such as metastatic or unresectable pancreatic neuroen‐
docrine tumors, subependymal giant cell astrocytoma [132], metastatic renal cell carcinoma,
and advanced estrogen receptor (ER)-positive [133] and human epidermal growth factor
receptor-2 (HER2)-negative breast cancer [134].

Several studies have been conducted to analyze the effectiveness of rapamycin and rapalogs
alone and in combination with standard chemotherapy, hormonal therapy such as anti-VEGF
inhibitors in the treatment of several types of cancers such breast, ovarian, cervical, and
endometrial. Phase II studies are ongoing in order to test everolimus in combination with
chemotherapy (cisplatin and gemcitabine) in patients with metastatic triple negative breast
cancer (NCT01939418 and NCT01931163). In addition, a recent study of breast cancer (BO‐
LERO-3) demonstrated that the combination of everolimus with trastuzumab and vinorelbine
significantly prolonged progression-free survival (PFS) in patients with trastuzumab-refrac‐
tory and taxane-pretreated, HER2-positive advanced breast cancer [135]. Moreover, another
breast cancer study, BOLERO-1, evaluated patients treated with paclitaxel and trastuzumab
with or without everolimus as first-line therapy [136]. Furthermore, clinical studies have
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evaluated the aromatase inhibitor letrozole in combination with everolimus in patients with
metastatic endometrial carcinoma (NCT01068249) and breast cancer (NCT00107016).

Temsirolimus (Torisel®), the first rapamycin analog to be FDA approved as an anticancer drug,
is an intravenous injection drug and gets converted into rapamycin in vivo [137]. This drug
was valued with bevacizumab or in combination with chemotherapeutic agents in endometrial
cancer cell lines, and results showed the increase progesterone mRNA expression and
inhibition of ER mRNA expression [138,139]. Also, preliminary phase II study using temsiro‐
limus in patients with metastatic cervical cancer showed positives results [140]. Another phase
II clinical study (NCT01196429) evaluates additional effects of the temsirolimus combined with
paclitaxel/carboplatin therapy have been conducted in patients with stages III/IV clear cell
adenocarcinoma [141]. However, some studies failed to show the efficiency of temsirolimus
in patients with persistent/recurrent epithelial ovarian cancer/primary peritoneal cancer
showing a modest activity of this mTOR inhibitor, and the results were insufficient to justify
further study in a phase III [142].

Ridaforolimus (MK-8669/AP23573), a non-rapamycin prodrug, is available in both oral and
intravenous formulations. This mTOR inhibitor is actively being evaluated as either mono‐
therapy or in combination with other therapies for treatment of various cancers, including
sarcomas, endometrial, prostate, breast, and non-small cell lung cancer [143]. Studies had been
conducted in patients with advanced endometrial cancer and clinical benefit response was
reported in 33% of the patients [144]. Another phase II study using oral ridaforolimus in
patients with advanced or recurrent endometrial cancer also showed partial response in 7.7%
patients [145].

Although clinically promising, the efficacy of rapalogs is partially limited by the negative
feedback loops in the mTOR pathway. With this regard, the exclusive inhibition of the
mTORC1 complex by the rapalogs compromises the S6K-1-mediated feedback loop towards
IRS-1, resulting in the activation of both the PI3K/AKT and the mitogen-activated protein
kinase/extracellular signal-regulated kinases (MAPK/ERK) pathways, hence promoting
compensatory cell survival, and the acquisition of chemoresistant phenotype [127,146,147].
Efforts have been made to overcome the previously mentioned clinical limitation by means of
developing new generation mTOR inhibitors, which inhibit the catalytic activity of both
mTORC1 and mTORC2 complexes.

7. ATP-competitive inhibitors

Although rapamycin is a potent allosteric mTORC1 inhibitor with clinical applications, a
second-generation ATP-competitive inhibitor have been developed, including Torin1, Torin2,
PP242, PP30, KU0063794, WAY-600, WYE-687, WYE-354, XL-388, INK-128, AZD-2014,
AZD8055, and OSI-027 [148-153]. The ATP-competitive inhibitors of mTOR directly inhibit the
mTOR kinase activity, affecting both mTORC1 and mTORC2 complexes simultaneously and
suppress AKT activity.
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ATP-competitive mTOR inhibitors represent a promising new approach to target the pathway
with potentially grater tolerability and efficacy than rapamycin. It has been shown that ATP
inhibitors displayed dramatic antiproliferative activity across a range of cancer cell lines
[151,154,155].

Studies have been conducted with PP242 in colon cancer cells in vitro and in vivo showed
decrease cell growth alone or in combination with MEK inhibitors [156]. Another ATP
competitive inhibitor, Torin2, was developed to overcome the pharmacological limitations of
Torin1 and it is a potent inhibitor of ATR, ATM, and DNA-PK [157,158]. Lung cancer cell
treatment with Torin2 resulted in a prolonged block in negative feedback and consequent
threonine-308 phosphorylation on AKT. These effects were associated with strong growth
inhibition in vitro [159].

Studies conducted by Rodrik-Outmezguine and colleagues [160], comparing mTORC1
inhibition with rapamycin and AZD8055, revealed that rapamycin treatment led to an almost
complete loss in the mTORC1 phosphorylation of S6K-1 (threonine-389) and increased
phospho-AKT (serine-473). In contrast, AZD8055 treatment led to reductions in phospho-
S6K-1 (threonine-389), phospho-4EBP1 (threonine-37/40, threonine-65, and threonine-70), and
phospho-AKT (serine-473). Thereby, AZD8055 was a better inhibitor of mTORC1 in compar‐
ison to rapamycin. In vivo studies indicated that AZD8055 can inhibit tumor growth and
AZD8055 showed promise as a therapeutic agent.

At present, there are several clinical trials focused on the examination of new agents, such as
AZD-8055 (NCT00731263), OSI-027 (NCT00698243), and INK128 (NCT02142803), in a variety
of human hematological malignancies and solid tumors, including breast cancer. Also some
studies were conducted using GSK795 in patients with advanced platinum-resistant ovarian
and showed interesting results as tumor regressions and CA125 decreases [161]. Phase I study
are ongoing to evaluate the safety and toxicity profile of AZD2014 in combination with
paclitaxel in patients with ovarian cancer (NCT02193633).

Despite the clinical improvements observed with the ATP-competitive inhibitor when
compared to the rapalogs, the literature still acknowledges significant limitations that outcome
from compensatory cellular events. With this regard, it has been found that loss of the feedback
on PI3K results in compensatory activation of the MAPK/ERK cascade by mTOR downstream
effectors, such as 4EBP1/eIF4E, maintaining cell proliferation [162]. Furthermore, it has been
shown that chronic inhibition of mTORC2 induces the activation of AKT by its phosphoryla‐
tion mediated by PDK-1, even in the absence of the priming serine-473 phosphorylation.
Altogether, the referred mechanisms ultimately drive the acquisition of the resistant pheno‐
type by the cancer cells [154,163].

8. Dual mTOR/PI3K inhibitors

Scientist have explored to shed light on strategies to overcome the limitations by concomitantly
targeting two molecules in the PI3K/AKT/mTOR pathway, PI3K and mTOR, whereas the
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resistance mTOR inhibitors cloud arise via feedback PI3K activation. This molecular knowl‐
edge have stimulated the development of new inhibitors termed dual PI3K-mTOR inhibitors
that include NVP-BEZ235, XL765, BGT226, PI-103, PF-04691502, PKI-587, and GDC-0980
[164-170]. Comparing with the other types of PI3K pathway inhibitors, dual PI3KmTOR
inhibitors have the possible advantage of inhibiting all PI3K catalytic isoforms, mTORC1 and
mTORC2 [171]. Therefore, these inhibitors may effectively turn off this pathway completely
and display best efficacy in feedback inhibition normally observed with mTORC1 inhibitors
[172]. However, it is not clear that dual PI3K-mTOR inhibitors will be tolerable at doses that
effectively inhibit all p110 isoforms and mTOR [171].

The potential clinical value of the dual PI3K/mTOR inhibitors have been demonstrated by their
significant inhibition of cell growth, the induction of apoptosis and/or autophagy [173] in a
variety of tumor cancer cells [174-176]. In addition, these inhibitors have shown powerful
effects in xenograft models of breast cancer [177], pancreatic cancer [178], melanoma [179],
multiple myeloma [180], and RCC [181].

In agreement, dual PI3K/mTOR inhibitors have entered clinical trials either monotherapy or
polytherapy. A single agent includes BEZ235/NVP-BEZ235 (NCT00620594) and BGT226
(NCT00600275 and NCT00742105) in advanced solid tumors and breast cancer, GDC-0980
(NCT00854126, NCT00854152, and NCT01455493) in non-Hodgkin lymphoma and endome‐
trial carcinoma, and PF-04691502 (NCT00927823) and GSK2126458 (NCT00972686 and
NCT01248858) in solid tumors. In combination with others agents, the treatment includes
XL765 (Exelixis) with erlotinib (NCT00777699), letrozole (NCT01082068), and temozolomide
(NCT00704080) in non–small cell lung cancer, breast cancer, and gliomas, respectively.

Both BEZ235 and XL765 have shown good tolerability, with adverse effects including diarrhea,
anorexia, and nausea [49]. Furthermore, the combined therapy using rapamycin and dual
PI3K/mTOR kinase inhibitor (PI-103) has been shown to be efficacious against human ovarian
cells in vivo [183].

Inhibitor
Trade name
(company)

Drug target
Development
stage

Tumor types Reference

LY294002 - Pan-PI3K inhibitorPreclinical - [57,58]

Wortmannin - Pan-PI3K inhibitorPreclinical - [57,59,60]

PX-866 (Oncothyreon) Pan-PI3K inhibitorPhase II

Solid cancers, prostate,
colorectal,
glioblastoma, SCCHN,
non-small cell lung
cancer

[62,64]

NVP-BKM120
Buparlisib
(Novartis)

Pan-PI3K inhibitorPhase III
Non-small cell lung
cancer, prostate,
breast, GBM, colon

[65,66]
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Inhibitor
Trade name
(company)

Drug target
Development
stage

Tumor types Reference

XL147
Pilaralisib (Sanofi-
Exelixis)

Pan-PI3K inhibitorPhase II

Solid cancers, breast,
breast, endometrial,
ovarian, non-small cell
lung cancer,
glioblastoma,
lymphoma

[69,72]

GDC-0941
Pictilisib
(Genentech-Roche)

Pan-PI3K inhibitorPhase II

Solid cancers, breast,
non-small cell lung
cancer, glioblastoma,
non-Hodgkin's
lymphoma

[75,81]

GSK-2636771 (GlaxoSmithKline) PI3Kβ inhibitor Phase I
Solid cancers (PTEN
deficient), prostate

[84]

NVP-BYL719 Alpelisib (Novartis) PI3Kα inhibitor Phase II
Advanced solid
tumors, SCCHN,
breast, ovarian

[87,90]

GDC-0032
Taselisib
(Genentech)

PI3Kα inhibitor Phase III
Solid cancers, breast,
non-small cell lung
cancer

[91,93]

CAL-101
Idelalisib (Gilead
Sciences)

PI3Kδ inhibitor Phase III

Lymphomas, multiple
myelomas, chronic
lymphocytic leukemia,
acute myeloid
leukemia

[94,97,98]

KRX-0401 Perifosine (Pfizer) AKT inhibitors Phase II

Solid tumors, non-
small cell lung cancer,
colon, kidney, breast,
gliomas, multiple
myeloma, leukemia,
lymphomas

[107,111,112,113]

GSK-690693 (GlaxoSmithKline)
ATP-competitive
AKT inhibitor

Phase I
Hematologic
malignancies

[114]

Rapamycin Sirolimus (Wyeth)
Inhibits mTOR
kinase by binding
to FKBP12

Phase I
Glioblastoma, non-
small cell lung cancer

[182]
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Inhibitor
Trade name
(company)

Drug target
Development
stage

Tumor types Reference

RAD001
Everolimus
(Novartis)

Inhibits mTOR
kinase by binding
to FKBP12

Phase I/II/III
(FDA has
approved for
RCC, 2009)

Metastatic renal cell
carcinoma, breast
cancer, melanoma,
ovarian cancer,
neuroendocrine
tumors of the
pancreatic origin
(PNET), endometrial
carcinoma

[56,133,134,135,13
6], NCT01939418,
NCT01931163

CCI-779
Temsirolimus
(Wyeth/Pfizer)

Inhibits mTOR
kinase by binding
to FKBP12

Phase I/II/III (FDA
and European
Medicine Agency
have approved for
RCC, 2007)

Non-small cell lung
cancer; advanced solid
tumors, metastatic
renal cell carcinoma,
hepatocellular
carcinoma, cervical
cancer, clear cell
adenocarcinoma

[138,139,141]

MK-8669/AP23573 Ridaforolimus
Inhibits mTOR
kinase by binding
to FKBP12

Phase I/II/III
Sarcoma, bone,
endometrial cancer

[144,145]

PP242
ATP competitive
inhibitor of mTOR

Studies in vitro
and in vivo

Colon cancer, acute
myeloid leukemia

[156]

Torin2
ATP competitive
inhibitor of mTOR

Studies in vitro
and in vivo

Lung cancer [159]

AZD8055
ATP competitive
inhibitor of mTOR

Phase I
Advanced solid
tumors, lymphoma

[183,184]

OSI-027
ATP competitive
inhibitor of mTOR

Phase I
Advanced solid
tumors, lymphoma

[185]

INK128
ATP competitive
inhibitor of mTOR Phase I

Glioblastoma,
advanced solid
tumors.

NCT02142803

GSK795
ATP competitive
inhibitor of mTOR

Phase I
Advanced solid
tumors

[134]

NVP-BEZ235 (Novartis) Dual mTOR/PI3K Phase I/II
Advanced solid
tumors, breast cancer,
prostate cancer

[94],
NCT00620594
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stage
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Inhibitor
Trade name
(company)

Drug target
Development
stage

Tumor types Reference

BGT226 (Novartis) Dual mTOR/PI3K Phase I
Advanced solid
tumors, breast cancer

[169],
NCT00600275,
NCT00742105

GDC-0980 (Genentech) Dual mTOR/PI3K Phase I/II
Non-Hodgkin
lymphoma,
endometriose

NCT00854126,
NCT00854152,
NCT01455493

PF-04691502 (Pfizer) Dual mTOR/PI3K Phase I
Advanced solid
tumors

NCT00927823

GSK2126458 GlaxoSmithKline Dual mTOR/PI3K Phase I
Advanced solid
tumors

NCT00972686,
NCT01248858

XL765 (Exelixis) Dual mTOR/PI3K Phase I/II
Non-small cell lung
cancer, breast cancer,
gliomas

NCT00777699,
NCT01082068,
NCT00704080

Table 2. Overview of PI3K/AKT/mTOR pathway inhibitors.

9. Conclusions/future perspectives

Advances in molecular research have resulted in an improved understanding of cancer
biology. There is strong preclinical rationale to support the continued development of
PI3K/AKT/mTOR inhibitors, especially in some genetically defined cancer subtypes that may
be the most sensitive to single-agent PI3K pathway inhibitors. These include cancers with
PIK3CA activating mutations, mutations in PIK3R (p85 subunit), mutations or amplifications
in one of the AKT isoforms or loss of PTEN. However, rational clinical trials design with a
focus in identifying a patient population most likely to benefit from this strategy is imperative
to the success of single-agent therapeutics.

The combination of PI3K/AKT/mTOR inhibitors with cytotoxic chemotherapy and other
biological agents such as anti-HER2 compounds, EGFR inhibitors, and antiangiogenic agents
may optimize the action of those agents in different pathways that control protein translation,
cell growth, migration, metastasis, and angiogenesis. The successful development of the
combinations will require determining the duration, doses, and schedules of targeted therapy
and how to best incorporate it into standard treatment protocols. Several clinical trials are
underway to prove the clinical use of the PI3K/AKT/mTOR inhibitors. The druggability of the
components of the PI3K/AKT/mTOR signaling cascade, in addition to the enlightenment of
the mutational landscape of human cancers, which points to the high frequency of genetic
alterations and anomalous activation of the pathway, strongly suggests that targeting its
elements might represent a useful treatment strategy in the fight against cancer.
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1. Introduction

The term oral cancer is used as a synonym for squamous cell carcinoma, which constitutes 90%
of malignant neoplasms. Surgery, radiotherapy and chemotherapy are the election treatments.
The selection of an only treatment or combination depends principally on the location of the
tumour, its size, histological subtype, stage and the patient's general state of health. Surgery
and RTP tend to be used alone to treat cases of non-metastatic disease (stages I and II), whereas
more advanced cancers (III and IV) are treated by surgery in combination with radiotherapy
and/or chemotherapy. It is important to bear in mind that the surgeries these patients undergo
are aggressive. They provoke aesthetic and functional alterations that affect the patient’s
quality of life.

Prior to undergoing radiotherapy treatment, it is important that patients with head and neck
cancer undergo a dental evaluation. This is because surgery provokes big aesthetic and
functional alterations. Therefore, patients who already show deficient oral health before
treatment are likely to leave their oral hygiene, increasing the gravity of complications.

There are a number of complications that appear in the head and neck region, not only during
treatment but also, after. These include mucositis, dental caries and xerostomia. In this paper,
we will describe the adverse, acute and late complications, as well as the treatment guidelines.
Furthermore, we will develop a patient management protocol for before, during and after
radiotherapy.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



2. Head and neck cancer

The term oral cancer is used as a synonym for oral squamous cell carcinoma (OSCC), which
accounts for 90% of all head and neck cancers and 3-4% of malignancies [1, 2]. The incidence
of head and neck cancer has increased significantly over the past 20 years. Over 575,000 new
oral cancer cases are annually diagnosed in the world [3]. According to data published in 1998
by Spanish National Epidemiology Centre, in our country, the number of deaths by oral,
pharyngeal and labial cancer amounted to 1,891 of men and 374 of women. In Spain, incidence
accounts for 12 to 15 cases per 100,000 men/year and two to four cases per 100,000 women/
year [4]. However, the figures are now matching up. This is because some women are adopting
harmful habits, which were traditionally attributable to men. The disease mainly affects men
over 40 years of age, with a peak of maximum incidence in their 60s [5, 6].

The etiology of cancer has multiple factors. The main risk factors are smoking and alcohol.
Despite showing synergistic effects, these are independent risk factors, as shown in a study by
Castellsagué et al. [6, 7]. In some cases of solar ultraviolet radiation in lip cancer, infections,
diets low in fruit and vegetables, immunodepression, bad oral hygiene and the presence of
genetic factors can have a relevant effect.

Patients diagnosed with this cancer are treated by surgery, radiotherapy (RTP), chemotherapy
(QTP) or a combined treatment. The choice of a unique or combined treatment depends on the
location of the tumour, its extension, histological subtype, tumour stage and the patient's
general condition. Surgery and RTP are used in isolation to treat cases of non-metastatic disease
(stages I and II). However, advanced stages (III and IV) require concomitant RTP and QTP. In
the early stages, the treatment of choice is surgery. With this, the tumour is eliminated with
safety margins. This is achieved with or without cervical emptying, depending on the location,
size or suspicion of regional metastasis. Once the cervical emptying is completed and analysed,
if the structures are affected, subsequent treatment with RTP is evaluated. Advanced stages
can be treated with surgery followed by RTP but this combination only cures a minority of
patients and fewer than 30% will be alive at five years. With these treatments, tumour control
and survival rates are unsatisfactory. Only 30% of patients will be alive after three years, while
60-70% of patients will have a loco-regional recurrence and/or will develop distant metastasis,
which, ultimately, is the main cause of death in these patients [8].

QTP, in addition to RTP and surgery, is associated with a better general survival rate in patients
with oral or oropharyngeal cancer. Induction QTP can extend survival from 8% to 20% and
concomitant adjuvant chemo-radiotherapy can prolong survival up to 16%.

QTP consists of the administration of cytotoxic drugs that are capable of destroying and
inhibiting the growth and reproduction of malignant cells [9]. In head and neck cancers, the
most extensively used drugs are bleomycin, cisplatin, methotrexate, 5-fluorouracil, vinblastine
and cyclophosphamide [10]. QTP can be developed by administering one or more chemother‐
apeutic drugs. The use of isolated drugs (mono-chemotherapy) has proven useless in the
induction of significant complete or partial responses. Thus, the current trend is polychemo‐
therapy, which affects the cellular populations in different cell-cycle phases. This is achieved
by using the synergistic action of the drugs, decreasing the development of resistance to them
and promoting a higher response per administered dose [10]. The most used combinations
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include cisplatin and 5-fluorouracil; cisplatin, 5-fluorouracil and taxol or cisplatin, bleomycin
and methotrexate. Cytostatic drugs offer better results in tumours with a significant growth
fraction and/or early distant or frequent dissemination such as lymphomas (90% growth
fraction). This is not the case for squamous cell carcinoma, which is the most common head
and neck malignancy (25% growth fraction). Therefore, QTP is usually associated with another
therapeutic modality [11].

RTP can be applied locally (brachytherapy) or externally (teletherapy). The external radio‐
therapy is the classic way to administer radiotherapy with a remote radiation source of the
organism. Sources of external irradiation are low voltage (X-ray), supervoltage (cobalt 60),
megavoltage (linear accelerator) and electron beam (power source). Of these, the most widely
used treatments for head and neck therapy are cobalt-60 and the linear particle accelerator [12].
External radiotherapy requires a division of the dose and a longer period to carry it out,
consisting of a weekly dose of 10 Gy, 2 Gy daily for five days and two days of rest, usually
spread out over a period of 5-7 weeks. Fractioned RTP allows a full high dose in the tumour,
respecting the normal adjacent tissue and decreasing toxicity. It also conditions the response
in healthy and tumour tissues by repairing injuries. This is because, compared to tumour tissue,
normal tissue repairs damaged DNA better, especially at low doses. It also promotes the
reoxygenation of tumour cells, increasing their radiosensitivity and the repopulation of the
tissue between fractions. This is particularly the case during weekends when the area is not
irradiated, thereby reducing the early effects [13]. The radiation dose depends on the location
and type of tumour and whether the RTP is used alone or combined with other treatment
modalities. When the RTP is exclusive, the dose is usually between 60 Gy and 80 Gy, whereas
the dose administered post-surgically is 50-60 Gy [1].

On the other hand, brachytherapy is a method that uses ionizing radiation. It places radioactive
material in the proximity of or within the tumour. There are different modalities of brachy‐
therapy, of which interstitial RTP is the most frequently used for head and neck tumours. In
this modality, Iridium 192 (Ir192) and Iodine 125 (I125) are the most frequent radioactive
sources.

RTP and QTP are combined to improve therapeutic results, increasing loco-regional tumour
control and distant metastasis [14].

There are different ways to classify the effects produced by RTP on head and neck regions, as
are shown in Table 1,2, 3 [10, 15-17].

EFFECTS ACUTE LATE

Mucositis Necrosis of soft tissue

Radiodermatitis Trismus

Opportunist infections Osteoradionecrosis (ORN)

Xerostomia Post-radiation caries

Alteration in taste

Table 1. Acute and late effects of RTP.
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CHRONOLOGY IMMEDIATE MEDIUM TERM LONG TERM

Mucositis Post-radiation caries Osteoradionecrosis

Alteration in taste Opportunist infections Tooth disorder

Xerostomia Necrosis of soft tissue

Radiodermatitis Trismus

Table 2. Chronology of RTP: immediate, medium term and long term effects.

EVOLUTION REVERSIBLE IRREVERSIBLE

Mucositis Xerostomia

Radiodermatitis Alteration in taste

Xerostomia Post-radiation caries

Alteration in taste Osteoradionecrosis

Opportunist infections Tooth disorder

Necrosis of soft tissue

Trismus

Table 3. Evolution of RTP: reversible and irreversible effects.

2.1. Acute complications of radiotherapy

a. Mucositis is the inflammation of the oral-oropharynx as a result of the cytotoxic effects of
RTP. It is the most common complication that appears among patients who have been
irradiated with neck and head cancer, with an incidence of 80 %. Mucositis is dose-
dependent and therefore, it disappears with the end of the aggression [18]. The risk and
its gravity depend on the characteristics of the treatment such as doses, size of the
irradiated zone and its division.

The first sign is erythema, which appears when a dose of 10 Gy is accumulated (first week)
and persists up to 15 days after the end of the RTP treatment. The point of maximum symp‐
tomatology is when there are accumulated doses of 60-70 Gy [19, 20]. Clinically, the mucosa
is erythematous and edematous so it can become ulcerated and infected by fungi [19, 21]. The
pain that accompanies mucositis can be so intense that it alters the patient's quality of life,
limiting their basic oral functions such as speaking, swallowing saliva or eating [21].

Mucositis can be classified in four degrees, according to the intensity of the mucosa [16, 22]:

Grade 0: None (Figure 1).

Grade 1: Erythaema (Figure 2 and 3).

Grade 2: Erythaema, ulcers but capable of ingesting solids (Figure 4).
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Grade 3: Ulcers, requiring liquid diet (Figure 5).

Grade 4: Oral feeding is impossible (Figure 6).

Figure 1. Grade 0.

Figure 2. Grade 1.

Figure 3. Grade 1.

Figure 4. Grade 2.
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Figure 5. Grade 3.

Figure 6. Grade 4.

b. RTP facilitates the surge of opportunist infections, mainly Candida (Figure 7 and 8) as a
result of the reduction of saliva, the use of dentures, deficient oral hygiene and the
persistence of habits such as smoking or drinking [23]. These types of infections tend to
disappear with topical anti-fungal drugs. However, irradiated patients frequently have
to use more effective systemic drugs [24].

Figure 7. Candidiasis during RTP.

Figure 8. Candidiasis during RTP.
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c. Radiodermatitis is considered as skin and subcutaneous tissue toxicity. Depending on its
severity, it is classified in three different levels. Transitory erythaema is produced by the
congestion of dermal papillae within the first 24 hours. A dose of 3 Gy is enough to trigger
it (Figure 9 and 10). A dose of 25 Gy will produce an acceleration of the skin flaking process,
which is manifested as a significant decrease of thickness. This will then become dark,
atrophic and flaky, which is called dry radiodermatitis (Figure 11). A 50-70 Gy dose will
cause a delayed erythaema, followed by a superficial necrobiosis and the formation of
skin scabs. If these lesions progress, bleeding vesicula easily appears, which is called wet
radiodermatitis (Figure 12). These lesions are cured when the RTP treatment has ended,
leaving scars on the skin. These can be white and esclerotic telangiectastic. Follicles are
destroyed and, on occasions, pigmentations can appear [10].

Figure 9. Radiodermatitis: Grade 0, 5 sessions of RTP.

Figure 10. Radiodermatitis Grade I, 10 sessions of RTP.

Figure 11. Radiodermatitis: Grade II, 17 sessions of RTP.
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Figure 12. Radiodermatitis Grade III, 24 sessions of RTP.

d. Most patients suffer xerostomia or salivary hypofunction due to RTP in head and neck
cancers. This usually appears within the first weeks of radiation. In low doses (under 30
Gy), it is believed that the damage can be reversible. However, higher doses (over 60-70
Gy) result in an irreversible and permanent xerostomia. With the latter, there is a signif‐
icant degeneration of the acini, which is reflected by concomitant inflammation and
fibrosis of the interstitium (Figure 13).

Figure 13. Rough tongue due to salivary hypofunction.

e. Salivary hypofunction (a resting saliva flow of less than 0.2 ml per minute or a stimulated
flow of less than 0.7 ml per minute) is caused by the damage of direct ionizing radiation
of the salivary glands’ cells [25]. This is the most persistent effect in patients submitted to
RTP for head and neck tumours. It is characterized by changes in the amount and quality
of saliva (more viscous and scarce). It produces oral discomfort and pain, a higher risk of
dental caries, oral infection, difficulty of speech and disfagia. This has a damaging effect
on the patient’s quality of life [26-28]. The reduction of salivary flow can also increase the
susceptibility of the dental caries and takes into account the integrity of the mucosa [29].

f. The alteration in taste is a result of direct radiation of the taste buds and receptors of taste,
as well as changes in the saliva [30-32]. It contributes to loss of appetite, which results in
the patient’s weight loss. It appears 15 days after the treatment starts from the 4 Gy and
it reaches its maximum once the RTP is finished. In most cases, the sense of taste gradually
returns to normal or almost normal levels one year after radiotherapy [33]. However, some
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patients can experience a residual reduction of taste (hypogeusia), permanent damage to
the sense (disgeusia) and the loss of taste (ageusia) [34, 35].

2.2. Late complications of radiotherapy

a. There is a necrosis of soft tissue characterized by an ulcer located in the irradiated tissue,
without the presence of residual malignancy (Figure 14 and 15). It is usually a painful
condition and the tissues present a pale colour and lack of flexibility [36].

Figure 14. Necrosis of soft tissue two months after finishing RTP.

Figure 15. Necrosis of soft tissue two months after finishing RTP.

b. Trismus is characterized by a reduction in the opening due to the contraction and even
fibrosis of the masticating muscles and the ATM (Figure 16). It appears between three and
six months after radiation [23]. It can result in eating and communication problems. It also
impacts oral hygiene and the use of prosthesis, as well as the development of dental
treatments.

Figure 16. Still suffering from trismus one and a half years after finishing the RTP.
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c. Osteoradionecrosis could be the most severe RTP complication [38]. It is defined as an
area of bone exposure in a previously irradiated area, of at least six weeks of evolution
and in absence of tumour recurrence [37]. ORN is the result of reduced vascularity of
periodontal bone, the periosteum. It causes hypovascular, hypocellular and hypoxic
tissue, where the capacity of bone repair and regeneration is severely compromised
[38-40]. It can be asymptomatic or it can produce pain, dysaesthesia or anesthesia,
depending on its relation with the dental nerve. Patients report halitosis, trismus and
dysgeusia. Patients find that ORN impacts food in the lesion and they have difficulties in
chewing and swallowing, as well as exhibiting phonation [36]. In most cases, the condition
is chronic, developing gradually and becoming wider and painful [38, 41].

There are risk factors that can bring about ORN. These can be related to the tumour, with the
patient and with the treatment. With regard to factors that depend on the patient, we funda‐
mentally focus on the realization of post radiotherapy extractions. In fact, the development of
ORN with no previous surgery has proved to be extremely strange (incidence of 2.7% after
five years). Some other determinant factors are poor oral hygienic, previous irradiations of the
zone and the presence of periodontitis. Further factors include bad habits such as tobacco and
alcohol. Depending on the treatment, the risk factors are the administrated dose, its division,
the RTP type and the irradiated zone. Ultimately, the risk factors, depending on the tumour,
include the anatomical localization, the proximity of other bone structures and the size of the
tumour. These factors must be taken into account because they increase the risk of ORN and
if we are aware of them, we can prevent it.

Most ORN cases take place in the jaw. Here, vascularization is deficient and there is high bone
density (Figure 17, 18 and 19). Clinical manifestations of ORN may include pain, orofacial
fistulas, exposure of the necrotic bone, pathological fractures and suppuration [42].

Figure 17. ORN in the jaw after extraction post-RTP.

Figure 18. ORN in the jaw after extraction post-RTP.
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Figure 19. ORN after four months of finishing the RTP. Extraction had been carried out pre-RTP.

One third of ORN cases are spontaneous, although most cases occur due to teeth removal
during radiotherapy or during an insufficient healing time after pre-RTP extractions. Accord‐
ing to Starcke, Shannon, Murray and Makkonen, when the pre-RTP tooth removal is performed
correctly and a certain period passes, a significant increase of osteorradionecrosis is not
observed [43-45].

Figure 20. Spontaneous ORN in the jaw after RTP.

Figure 21. ORN after extraction post-RTP.

Incidence of ORN is two times higher in patients with teeth, although poor dental hygiene and
continued drinking and smoking can also contribute to its quick appearance [46]. A higher
incidence of osteoradionecrosis has been observed after receiving doses of over 65 Gy. This
depends on the fractioning of radiation and the treatment with QTP or surgery in the irradiated
area [47] (Figure 22 and 23 - case report of ORN that, after seven months of treatment, positively
developed chlorhexidine.).
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Figure 22. ORN two months after finishing the RTP, without previous extractions.

Figure 23. After seven months of good oral hygiene and rinses with chlorhexidine and chlorhexidine gel, it has pro‐
gressed favourably.

d. Dental caries are very frequent in post-radiation starting three months after RTP has
ended. There is a collapse and detachment of the enamel prisms that mainly affect the
incisal edges, cuspids and cervical region of the teeth [10] (Figure 24). This is the result of
a quantitative and qualitative alteration in the saliva, with a decrease of its stopping
capacity. This favours the development of an acidogenic-cariogenic bacterial flora. A
change towards a soft carbohydrate-rich diet, poor dental hygiene and the deterioration
of motivation also influences this (Figure 25).

For irradiated patients, dietary changes - a softer or liquid diet with a higher concentration of
carbohydrates - combined with a decrease in saliva, results in a change in the microbiota. This
becomes increasingly cariogenic. This, in addition to poor dental hygiene, results in a demin‐
eralization of the enamel and the destruction of crowns and the cervical area. Here, the cement
and dentin is exposed to the oral environment, producing increased dental sensitivity [48].

Figure 24. Dental wear during RTP.
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Figure 25. Accumulation of plaque due to poor hygiene during RTP.

3. Protocol for management before RTP

In literature of this subject area, there are articles published on the management of complica‐
tions in patients with head and neck cancer. These mainly focus on mucositis, radiodermatitis
and osterradionecrosis. However, in order for this to be prevented, we must monitor the
patient before, during and after radiotherapy. In this chapter, therefore, we will focus on the
management of the radiated patient, mainly before radiotherapy. This is because there are few
protocols and we believe that these are necessary in order to minimize the risks during
treatment.

Figure 26 and 27: Orthopantomography of a patient before beginning the RTP and two years
after finishing the RTP.

Figure 26. Before RTP.

Figure 27. After RTP.
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3.1. First visit

During the first visit, we collect the clinical history including the patients’ personal data: age,
gender, family medical history, personal medical history, current medical problems, medica‐
tion, allergies and harmful habits. All patients are referred with an oncological report,
including their medical history: tumour diagnosis, tumour stage and tumour treatment. A
mouth X-ray is also included to evaluate the dental status. A bucodental exploration is
developed to assess the oral situation of the patient and evaluate different therapeutic needs,
covering the RTP protocol.

3.1.1. RTP protocol

1. All patients must bring orthopantomography and report your oncological data.

2. Medical history is covered.

3. On each visit, a radiographical series from the patient is necessary - extraoral (mouth
closed, neck and maximum opening of the mouth) and intraoral (maxima intercuspida‐
tion, lateral intercuspidation, top and lower arcades, buccal mucosa and tongue), as is
shown in Figures 28-38.

4. An exploration of the mucosa is developed (yugal mucosa, lips, tongue, gums, bottom of
the vestibule, floor of the mouth, palate, etc.), in order to discard any pre-existing lesion.

5. A dental and periodontal exploration is developed with the assistance of a probe and
mirror. The degree of dental hygiene is determined using the Silnesloe index [49].

Grade 0: Absence of dental plaque.

Grade 1: Plaque not visible but could be extracted from the gingival third of the tooth using
the probe.

Grade 2: Moderate build-up of plaque in the gingival region that could easily be seen.

Grade 3: Abundance of plaque in the same region, possibly covering the neighbouring teeth.

6. The maximum interincisal distance is measured with callipers (a trismus is a bucal
opening of less than 40 mm).

7. A culture is carried out. The sample is taken from the back of the tongue and the readings
are at 24-48-72 hours. The sample is taken from the back of the tongue using a cotton swab,
depositing it in an agar-sabourand plate and placing it in the furnace for 72 hours.

8. The status of the saliva function is assessed using a chart paper strip (1 cm thick by 17 cm
length, with 1 cm not charted), introduced in a polyethylene bag. This is called a Global
Saliva Test, in rest and stimulated [50]. The section of non-charted strip is extracted from
the bag for testing. The end is then folded in a right angle and inserted in the oral cavity,
below the tongue. When closing the lips, these will slightly touch the polyethylene bag.
The saliva produced is accumulated in the lingual vallecule during the five minutes of the
test’s duration. During this time, the strip slowly soaks. Once this time has ended, it is
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mirror. The degree of dental hygiene is determined using the Silnesloe index [49].

Grade 0: Absence of dental plaque.

Grade 1: Plaque not visible but could be extracted from the gingival third of the tooth using
the probe.

Grade 2: Moderate build-up of plaque in the gingival region that could easily be seen.

Grade 3: Abundance of plaque in the same region, possibly covering the neighbouring teeth.

6. The maximum interincisal distance is measured with callipers (a trismus is a bucal
opening of less than 40 mm).

7. A culture is carried out. The sample is taken from the back of the tongue and the readings
are at 24-48-72 hours. The sample is taken from the back of the tongue using a cotton swab,
depositing it in an agar-sabourand plate and placing it in the furnace for 72 hours.

8. The status of the saliva function is assessed using a chart paper strip (1 cm thick by 17 cm
length, with 1 cm not charted), introduced in a polyethylene bag. This is called a Global
Saliva Test, in rest and stimulated [50]. The section of non-charted strip is extracted from
the bag for testing. The end is then folded in a right angle and inserted in the oral cavity,
below the tongue. When closing the lips, these will slightly touch the polyethylene bag.
The saliva produced is accumulated in the lingual vallecule during the five minutes of the
test’s duration. During this time, the strip slowly soaks. Once this time has ended, it is

Updates on Cancer Treatment178

retrieved from the mouth and the wet charted strip is immediately read. Subsequently,
the stimulation test is carried out by depositing some drops of citric acid at 4% in the oral
cavity and repeating the same process.

Figures 28-39: Radiographical series from the patient going to treatment with RTP.

Figure 28. Mouth closed.

Figure 29. Neck.

Figure 30. Maximum opening of the mouth.

Figure 31. Maximum intercuspidation.
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Figure 32. Right lateral intercuspidation.

Figure 33. Left lateral intercuspidation.

Figure 34. Top arcade.

Figure 35. Lower arcade.
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Figure 36. Right buccal mucosa.

Figure 37. Left buccal mucosa.

Figure 38. Tongue.

9. Once the odontogram is covered, with the assistance of an ortopantomography, the
therapeutic needs will be defined:

• Extraction (if this is necessary, all patients will sign an informed consent explaining all
the possible complications).

• Seals/endodontics.

• Treatment for oral candidiasis (mycostatin - mouth wash three times a day for three
minutes for four weeks).

• Tartar removal, scaling and root planning.

• Remove irritants that graze (traumatic prosthesis and sharp teeth).

• Motivation in oral hygiene - strongly recommend a daily teeth brushing for at least
three times a day with toothpaste with high fluoride content. Apart from Fluoridation
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plan in patients with teeth - preparation of individual trays for the daily application of
sodium fluoride gel at 1.24%, five minutes/day, indefinitely and mouth wash with
chlorhexidine.

10. If extractions are recommended [51, 52], the prognosis of the tooth itself, the patient's
motivation and their ability to follow oral hygiene instructions plays a role. All teeth with
a questionable prognosis should be extracted before RTP:

• Caries (non-restorable).

• Active periodontal disease (symptomatic teeth).

• Moderate and severe periodontal disease (≥ 5 mm bags) especially with advanced bone
loss, mobility and furcation involvement.

• Partial impaction or incomplete eruption, especially of third molars, which are not fully
covered by the alveolar bone or in contact with the oral cavity.

• Extensive periapical lesions (if not chronic or well localized).

• Root fragments that are not completely covered by alveolar bone or show radiolucency.

• Teeth near the tumour or in the tumour.

• Lack of opposing teeth.

• Compromised hygiene.

When developing extractions, patients should be handled as follows [52-54].

• Antibiotic prophylaxis for patients who need it, as recommended by the ADA.

• Rinse with antiseptic mouthwash - chlorhexidine digluconate 0.12% for one minute.

• Anaesthetic technique:

• Anaesthesia with vasoconstrictor.

• Minimal trauma - regularization of the alveolar process by approximation of edges.

• Non-absorbable 4.0 silk suture.

• Antibiotics, Amoxicillin 750 mg 1/8 hours /7 days is prescribed.

• Post-operative treatment: analgesic-anti-inflammatory medication (ibuprofen 600 mg) and
antiseptic mouthwash, chlorhexidine digluconate 0.12%.

• Minimum number of sessions, starting with mandibular extractions.

Most authors agree that the minimum delay time for RTP treatment is 15-20 days [39, 44, 52,
55]. While others indicate that, in the case of complex surgical procedures, patients must wait
four to six weeks [10, 54].
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Management before RTP

1. Report your oncological data.

2. Clinical history and bucodental exploration.

3. Orthopantomography.

4. Bucodental exploration.

5. The therapeutic needs will be defined: seals, endodontics and extractions.

6. Instructions and motivation in oral hygiene.

7. Global Saliva Test, in rest and stimulated.

8. Maximum interincisal distance.

9. Culture and identification of candidiasis.

4. Protocol for management during RTP

Patients who are to receive radiation therapy experience three main acute complications that
cause functional disability and hinder the development of normal life. These are mucositis,
radiodermitis and xerostomia. Weekly monitoring is required, i.e., we must see the patient
once a week during the eight weeks that the treatment usually lasts. The main symptoms
appear after the fifth dose of radiation. Thus, on each visit, we usually develop the following
measurements covered in the protocol.

4.1. RTP protocol

a. Degree of mucositis.

b. Degree of radiodermatitis.

c. Degree of oral hygiene - Silnesloe index [49].

d. Presence of ORN.

e. Eliminate possible graze, if the patient has removable/complete prosthesis.

f. Dental state and instructions in oral hygiene.

g. Saliva amount by means of TSG I and TSG II [50].

h. Culture at mid-treatment and at the end.

i. Maximum interincisal distance at mid-treatment and at the end.

j. Radiographical series from the patient is necessary - extraoral (mouth closed, neck and
maximum opening of the mouth) and intraoral (maxima intercuspidation, lateral inter‐
cuspidation, top and lower arcades, buccal mucosa and tongue).

k. Motivation in oral hygienic, strongly recommend a daily teeth brushing for at least three
times a day with toothpaste with high fluoride content. Apart from Fluoridation plan in
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patients with teeth - preparation of individual trays for the daily application of sodium
fluoride gel at 1.24%, five minutes/day, indefinitely and mouth wash with clorhexidine

During the radiotherapy treatment - and even 18 months later - no surgery technique should
be used with these patients and if an endodontic treatment is necessary, dental apex cannot
be surpassed. We advise exercises and jaw movements in order to prevent trismus and, in this
way, the maximum opening can be kept.

We must insist on instructions on oral hygienic to prevent rampant caries. As these patients
suffer from intense pain in the oral cavity, we can advise a soft brush so as not to irritate the
mucosa, accompanied by a soft diet and anticariogenic.

Fundamentally, these patients report dryness of the mouth and less saliva. The quality of saliva
changes - it feels thicker which causes rampant caries. That, added to the functional disability
produced by mucosistis, leads patients to abandon oral hygiene. As a result, their dental status
worsens. Therefore, our treatment is based on prescribing oral rinses and insisting on the
acquisition of oral hygiene habits. Basically, the purpose of it is to relieve symptoms using a
formula. This includes using lidocaine hydrochloride 1% and chlorhexidine digluconate 0.12%
before meals to help reduce swallowing pain [56-61].

Patients must drink at least half a litre of water a day to get a good hydration. There is a
possibility of cryotherapy, above all in mucositis and occasioned by quimotherapics. There‐
fore, patients must thaw ice in their mouths every 30 minutes [62, 63].

Nowadays, there are saliva substitutes (sprays or gels that temporarily wet the oral mucosa -
these are palliative) and stimulants (lemon drops, chewing gum with xylitol and sialogogues,
among which the pilocarpine is the most important). Pilocarpine is an on-selective cholinergic
agonist, which stimulates the salivary secretion. However, in our protocol, it is not recom‐
mended due to its various side effects [64, 65]. We recommend drinking water to hydrate, diet
tips and good oral hygiene

As saliva decreases, the sense of taste disappears. Thus, a zinc element can be useful for the
restoration of protein responsible for the regulation of pores in taste buds. It is also important
to drink an abundance of liquids with meals and to slowly chew. This will liberate flavours
and stimulate saliva [32, 66].

As for mucositis, large ulcerations appear in the mucosa of the oropharynx and oral cavity.
Curing this disease usually takes three weeks. However, up to two months may pass before
they start to subside [15, 56-58, 67]. In terms of management, we must differentiate pain control
[68] and functional disability [60, 62, 69] by combining oral solutions (lidocaine hydrochloride
1% and chlorhexidine digluconate 0.12%) and a liquid or soft diet.

The election of treatment in the first phase of ulceration is to prevent infection. This can be
achieved through good oral hygiene and antimicrobial agents, such as clorhexidine mouth‐
wash, povidone iodine and hyaluronic acid gels, which form a film that restructures the
epitelio. With these measures, the bacteria colonization in injuries with ulcerous mucositis is
prevented but its apparition is not [70].
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As previously stated, these patients experience a lot of pain and so it is necessary to use anti-
inflammatories. These include Benzydamine, which is used as a mouthwash and reduces
concentrations of tumour necrosis factors. This is efficient in the reduction of intensity and the
lasting of injuries in the mucosa [71].

There are cytoprotective agents that eliminate free radicals acting as antioxidants. In this group,
we have amifostine, prostaglandins and sucralfalte. The amifostine is a protector against the
xerostomia during the radiotherapy treatment. It reduces its gravity and duration. However,
it has multiple adverse effects and so its use is limited [72, 73]. Sucralfate adheres to the walls
of the ulcer and constitutes a superficial barrier in the gastrointestinal tract. As a result, the
oropharingeo pain is reduced but mucositis is not prevented. Sucralfate has some antibacterial
activity so it aids the healing of injuries and stimulates the synthesis of the prostaglandins
[74-77].

It is difficult to specify which treatment should be elected as each patient responds differently
to radiotherapy. Our experience is that chlorexidine and hyaluronic acid [78] do no aid
aggressive injuries. Thus, in different cases of mucositis III and IV, we recommend the use of,
topic corticoids, mainly 0.5% Triamcinolone Acetonid, three times a day for three weeks. We
also recommend oral rinses or creams, depending on whether the injuries are unique or
multiple. The injuries develop favourably but as it is a corticoid, we have to suspend it
gradually [79, 80]. Keefe et al. affirm that the high-level mucositis pain can be relieved with
potent analgesic such as opiaceous [81].

Furthermore, we reviewed written studies on this subject and found that there are currently
no published articles referring to the association between the administration of cortisone and
the presence of recurrences in the head and neck. Moreover, if there are references in other
locations, such as the prostate or the skin, it remains the treatment of choice [82-84].

Nowadays, there are new therapies (biological response modifiers) conducted in the investi‐
gation phase. These eliminate the mucositis, mainly reducing the minimum development of
the mucositis and, specifically, various growth factors. They also contribute to the biological
process of mucosity destruction [85]. In this group, we mention palifermine keratinocyte
growth factor. In advanced degree cases, this sees reduced mucositis but has secondary effects
and thus, its use is restricted [86-88].

Low-energy laser therapy is an effective method for the prevention and management of
mucositis. It is used to accelerate the regeneration of tissues and stop swelling and pain [89-92].

It is also important to get a basic medium so that there is no mycosis. Thus, as a preventative
measure, we recommend bicarbonate water rinses before meals (dilute a spoonful of bicar‐
bonate in 200 ml of water). Additionally, in the case of candidiasis, the treatment of choice is
Nystatin (topical antifungal). Here, we suggest rinsing three times a day, for three minutes
over a period of four weeks. Optimal oral hygiene is crucial in order to reduce the risk of oral
mucositis [89]. In cases that do not respond to the topical treatment or severe infections, we
recommend systemic antifungal such as fluconazole, 150 mg. - daily doses for two weeks [93].
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Little can be done to improve the toxicity of the skin, aside from moisturizing several times a
day and not covering the area so it does not keep moisture. We also recommend leaving it to
air dry.

Patients usually experience weight loss due to difficulties in swallowing caused by mucositis.
Taste alterciones causes a loss of appetite and dietary recommendations are necessary.

Management During RTP

1. Revisions, once a week, during treatment with radiotherapy valued:
a) Degree of mucositis.
b) Degree of radiodermatitis.
c) Degree of oral hygiene.
d) Presence of ORN.
e) Eliminate possible graze, if the patient has removable/complete prosthesis.
f) Dental state and instructions in oral hygiene.
g) Saliva amount by means of TSG I and TSG II.
h) Culture at mid-treatment and at the end.
i) Maximum interincisal distance at mid-treatment and at the end.

2. Treatment of complications.

3. Instructions of oral hygiene.

4. Liquid or soft diet.

5. Avoid extractions.

6. Remove toxic habits.

7. Remove any mechanical trauma to the oral mucosa.

8. Exercise to reduce trismus.

5. Protocol for management After RTP

Patients are monitored one month after finishing RTP treatment, as well as at three months,
six months, nine months, 12 months and 18 months. From then onwards, patients are reviewed
semi-annually. A new OPG requested 12 months after ending RTP.

In each of the reviews, the oral condition of the patient is assessed to establish treatment needs,
developing the following examinations that are covered in the protocol.

5.1. RTP protocol

1. Odontogram with the current situation after undergoing RTP, dental and periodontal
status.

2. Rating of oral hygiene: the Silnesloe index [49]
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Grade 0: Absence of dental plaque.

Grade 1: Plaque not visible but can be extracted from the gingival third of the tooth using the
probe.

Grade 2: Moderate build-up of plaque in the gingival region that can easily be seen.

Grade 3: Abundance of plaque in the same region, possibly covering the neighbouring teeth.

3. Maximum interincisal distance is measured with a calliper (trismus is a mouth opening
of <40mm). Different exercises, which should be carried out in order to increase the oral
opening, are explained to the patient.

4. The state of the salivary function is quantitatively assessed by a Global Saliva Test (TSG),
both at rest (TSG I) and stimulated (TSG II), following the technique described by López-
Jornet et al. [50].

5. A culture of the lingual dorsum is developed for isolation and identification of the candida
species. The clinical form of candidiasis (subclinical, erythaematous, pseudomembra‐
nous) is assessed.

6. Mucositis and residual radiodermatitis are evaluated.

7. Avoid complete or removable prosthesis until six months post RTP. Weekly monitoring
is essential to prevent damages in the mucosa and always add soft filler.

8. An exhaustive inspection of the oral cavity to early diagnose the recurrences.

9. Radiographical series from the patient is necessary - extraoral (mouth closed, neck and
maximum opening of the mouth) and intraoral (maxima intercuspidation, lateral inter‐
cuspidation, top and lower arcades, buccal mucosa and tongue).

10. Motivation in oral hygienic - strongly recommend a daily teeth brushing for at least three
times a day with toothpaste with high fluoride content. Apart from Fluoridation plan in
patients with teeth - preparation of individual trays for the daily application of sodium
fluoride gel at 1.24%, five minutes/day, indefinitely and wash mouth with clorhexidine.

Patient attending the annual review after finishing the RTP. We see good oral and dental
hygiene and healthy appearance of mucous.

Follows the same pattern (mouth closed, neck, maximum opening of the mouth, maximum
intercuspidation, right and left lateral intercuspidation, top and lower arcade, right and left
buccaal mucosa and tongue).

Patient who comes to review after 14 months of finishing RTP. He has lost four lower
incisive and the root-canal therapy we sent to keep them up to remove them.

The first Figure 39 shows the patient's condition before the RTP. Siguentes figures show the
patient’s current state (mouth closed, neck, maximum opening of the mouth, maximum
intercuspidation, right and left lateral intercuspidation, top and lower arcade, right and left
buccaal mucosa and tongue).
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4.2 Assessment of Osteoradionecrosis 

1. It is classified according to the grade of bone affectation (94, 95). The time of apparition after RTP and the association to

exodoncias are valued either pre or post RTP. 

Stage I: Osteoradionecrosis superficial - soft-tissue ulceration is minimal and only the exposed cortical bone is necrotic.  

Stage II: Osteoradionecrosis localized - the exposed cortical bone and underlying medullary bone are necrotic. 

IIA: Soft-tissue ulceration is minimal. 

IIB: Soft-tissue necrosis (including orocutaneous fistulation).  

Stage III: Osteoradionecrosis diffuse - bone necrosis full thickness of a segment (ability to pathological fracture). 

IIIA: Soft-tissue ulceration is minimal. 

IIIB: Soft-tissue necrosis (including orocutaneous fistulation).  

2. Diagnosis 

It is based on the clinical findings and medical history of the patient with the confirmation of a radiology study and biopsy - exposed 

area of bone necrosis due to tissue-irradiation, minimum cure of three to six months, without evidence of local healing and neoplastic 
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rough and necrotic bone. In some cases, the injuries are discovered during a visual inspection of the cavity or due to the incommodity 

in a determined part of the mouth. 

3. Treatment 

5.2. Assessment of osteoradionecrosis

1. It is classified according to the grade of bone affectation [94, 95]. The time of apparition
after RTP and the association to exodoncias are valued either pre or post RTP.

Stage I: Osteoradionecrosis superficial - soft-tissue ulceration is minimal and only the exposed
cortical bone is necrotic.

Stage II: Osteoradionecrosis localized - the exposed cortical bone and underlying medullary
bone are necrotic.

IIA: Soft-tissue ulceration is minimal.

IIB: Soft-tissue necrosis (including orocutaneous fistulation).

Stage III: Osteoradionecrosis diffuse - bone necrosis full thickness of a segment (ability to
pathological fracture).

IIIA: Soft-tissue ulceration is minimal.

IIIB: Soft-tissue necrosis (including orocutaneous fistulation).

2. Diagnosis

It is based on the clinical findings and medical history of the patient with the confirmation of
a radiology study and biopsy - exposed area of bone necrosis due to tissue-irradiation,
minimum cure of three to six months, without evidence of local healing and neoplastic absence
enfermdad [38, 41, 96].

The symptoms can manifest months or years after the radiation of the patient. The injuries
appear as ulcerations, with the exposure of rough and necrotic bone. In some cases, the injuries
are discovered during a visual inspection of the cavity or due to the incommodity in a
determined part of the mouth.

3. Treatment

In the first stage, a conservative treatment must be carried out. First, all irritants of the mouth
are eliminated such as tobacco, alcohol and removable/complete prosthesis. Then, good oral
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hygiene and oral rinse with clorixidine 0,12 is carried out three times a day and a gel of
clorhexidine is applied on the injuries three or four times a day.

In stage II, there is symptomatology and so the previous actions must be completed with an
antibiotic treatment. In these cases, we can do a curettage of the exposed part until vital and
vascular zone [97].

In stage III, pain can be intense and fistulization, suppuration and fractures can occur. Here,
more radical surgery is needed to eliminate the osteolytic zone remaining vascularized [98].

5.3. Extraction post-RTP

The criteria established by Sulaiman et al. and Jansma et al. should be followed. After radiation
therapy, it is necessary to delay any surgery for 18 months in order to reduce risks. The
recommendations below should be followed [52, 53]:

• Rinse with antiseptic mouthwash - chlorhexidine digluconate 0.12%, one minute.

• Anaesthetic technique:

• -Anaesthesia without vasoconstrictor - truncal block, infiltrative anaesthesia, never intrali‐
gamental anaesthesia.

• Minimal trauma, alveolectomy, regularization of the alveolar process with no rotary
instruments.

• Primary sealing with mucoperiosteal flaps.

• Non-absorbable 4.0 silk suture.

• Always prophylactic antibiotic (Amoxicillin 750mg 1/8 hours/10 days, if allergic to penicil‐
lin, a combination of spiramycin and metronidazole (Rhodogil®) is prescribed - two every
eight hours, for 10 days).

• Post-operative treatment: analgesic-anti-inflammatory medication (Ibuprofen 600mg) and
antiseptic mouthwash chlorhexidine digluconate 0.12%, plus antibiotics.

• Space the extractions in time.

Management After RTP

1. Patients are monitored one month after finishing RTP treatment, as well as at three months, six months, nine
months, 12 months and 18 months. From then onwards, patients are reviewed semi-annually. A new OPG is requested
12 months after the end of the RTP.
a) Residual mucositis and radiodermatitis.
b) Grade of oral hygiene - oral hygiene motivation.
c) Presence of ORN.
d) Oral dental status.
e) Global Saliva Test (TSG), both at rest (TSG I) and stimulated (TSG II).
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f) Culture.
g) Maximum interincisal distance.

2. Avoid extractions at least 18 months after finishing the RTP.

3. Avoid performing or complete/removable prosthesis for three to six months post-RTP.

4. Stimulate oral apertuta through exercises.

9. Treatment of Complications.

10. Diagnosis of recurrences.

6. Conclusions

Prior to initiating RTP treatment, all patients should be protocoled to ensure that they present
optimal oral conditions. In this way, local and systemic complications can be minimized during
and after treatment and measures that can be adopted to reduce adverse effects can be
established. We consider it vital to quantify resting and stimulated saliva production prior to
the commencement of RTP, as any previously existing xerostomia must be treated to prevent
complications during RTP. The utility of an oral assessment should be explained and the
importance of maintaining good oral health should be stressed.
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1. Introduction

Neutrophil cells: were discovered by Elie Metchnikoff as an inflammatory immune response
to rose thorns inserted in starfish larvae [1].

Neutrophils are a major type of white blood cell (WBC), and they represent about 45%-70% of
all WBC. Neutrophils can also be referred to as poly-morphonucleat leucocytes or granulo‐
cytes, as their cytoplasm contains granules, which contains glycogen and antibacterial
substances [2]. Neutrophils are synthesized and produced by hematopoietic stem cells in bone
marrow. It takes 10 – 14 days to produce mature neutrophils. Neutrophils were first thought
to have a short viability period of only 6-10 hours [2, 3], but in the late 1990s, it was that
neutrophils may survive much longer. In addition, recent evidence has suggested that
neutrophils may produce anti-inflammatory molecules and may promote the resolution of
inflammation [4]. Moreover, it has been found that during inflammation or infection, neutro‐
phils will migrate to the inflamed tissues, phagocytosis and remain active at site for about 2-6
days [2, 4, 5].

2. Synthesis and production of neutrophils cells

Neutrophil production and synthesis is a major activity of the bone marrow. In fact, two-thirds
of blood cell synthesis in bone marrow is dedicated to the production of monocytes and
granulocytes. Hematopoietic stem cells are characterized by little blood flow and low oxygen
tension, while the more mature and actively dividing stem cells reside closer to the abluminal
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side of the sinusoids, the special vascular structure of the bone marrow. The chemokine
receptor CXCR4 is essential for the homing of stem cells and more mature neutrophils to the
bone marrow [6].

Deletion of CXCR4 causes mature neutrophils to be released from the bone marrow into
circulation without affecting the life-span of circulating neutrophils [6, 7].

The production of neutrophils is extensive, with 1 - 2 × 1011 cells being generated per day in a
normal adult human. Granulocyte colony stimulating factor (G-CSF) is essential for tuning the
production of neutrophils to meet the increased needs that occur during infections, but G-CSF
is not absolutely required for granulocytopoiesis. Indeed, G-CSF null mice have approximately
25% residual granulocytopoiesis and still generate fully mature neutrophils [6]. The produc‐
tion of neutrophils is largely regulated by the rate of apoptosis of neutrophils in tissues. When
macrophages and dendritic cells phagocytose apoptotic neutrophils in tissues, the production
of interleukin 23 (IL-23) is reduced [6].

3. The role of neutrophils

Neutrophils are the body’s first line of innate defense from micro-organismsand and inflam‐
mation. Neutrophils are able to bind to and ingest invading microorganisms such as bacteria,
fungi, germs, or any foreign body in the blood by a process known as phagocytosis, most likely
due to their defensive and/or phagocytic process is by their ability to release lytic enzymes
from their granules and to produce reactive oxygen intermediates (ROI) [2, 3, 4, 8].

Neutrophils cells directly recognize surface-bound or freely secreted molecules produced by
bacteria (i.e., pathogen-derived molecules), including peptidoglycan, lipoproteins, lipoteicho‐
ic acid, lipopolysaccharide (LPS), CpG-containing DNA, and flagellin. These pathogen-
derived molecules, known as pathogen-associated molecular patterns, interact directly with a
number of pattern-recognition receptors expressed on the cell surface of neutrophil cell.
Pattern-recognition receptors play a role in the recognition of microbes by neutrophils, and
the efficiency of phagocytosis by neutrophils is markedly enhanced if microbes are opsonized
with serum host proteins, such as complement and/or antibody [9].

Neutrophils have receptors on their surface that help them to contact and bind to tissues and
to the vascular endothelium near sites of infection or inflammation [2] and they are the first
cells that migrate to the site of invasion or inflammation to start the clearance of infectious
particles. In the events of invading foreign threat, they also send warning signals to other innate
immune cells [1].

Thus the migration of neutrophils from the blood circulation to surroundings tissues is
considered key in triggering host defense.

During the process of migration to site of invasive, neutrophils need to cross the vessel wall
(transmigration). This takes place largely at postcapillary venules, where the vessel wall is
rather thin, and the diameter of the vessel is sufficiently small that the neutrophils can make
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contact with the vessel wall, and is yet not occluded by neutrophils when they arrest and make
firm contact with the endothelium [6, 9, 10]. Neutrophil transmigration is a highly regulated
process that requires the up-regulation of neutrophils and endothelial cell adhesion molecules.
During neutrophil adhesion to endothelial cell, binding of neutrophils or endothelial cell
adhesion molecules to their ligands may induce intracellular signaling pathways and down‐
stream events, which may in turn modulate neutrophil transmigration. Indeed, the ligation of
various adhesion molecules can initiate signal transduction pathways and induce subsequent
cellular changes [11, 12].

Moreover, it has been found that neutrophils that migrate through tissues are more effective
phagocytic cells than blood neutrophils that is non-migrating neutrophils [6]. Therefore,
neutrophils have emerged as key components of the effector and regulatory circuits of the
innate and adaptive immune systems, and this has led to a renewed interest in their biology
[4]. Recent studies have shown that human neutrophils are a major source of cytokines, which
are crucial for the survival, maturation, and differentiation of B cells, and are also involved in
bone resorption [4].

4. Process of neutrophil cells penetration to the tissues

Migration of neutrophil cells from blood circulation into the surrounding tissues, this process
consider as the key role that trigger host defense. Neutrophil transmigration across the
vascular endothelium is a highly regulated process that requires the up-regulation of neutro‐
phil and endothelial cell (EC) adhesion molecules. During neutrophil adhesion to ECs, binding
of the neutrophil or EC adhesion molecules to their ligands may induce intracellular signaling
pathways and downstream events, which may in turn modulate neutrophil transmigration.
Indeed, the ligation of various adhesion molecules can initiate signal transduction pathways
and induce subsequent cellular changes [11].

5. Neutropenia

Neutropenia is defined as a decrease in the absolute number of neutrophils in the blood.
Clinically, neutropenia is defined as a decrease in the absolute neutrophil count (ANC) of more
than two standard deviations below the normal range. Therefore, the patient is considered
neutropenic when the ANC is lower than 1500 cells/µl (the normal level) [2, 3, 5, 13, 14]. An
ANC above 1000 cells/µl will still confer normal protection against infection; therefore mild
neutropenia is defined as an ANC 500 - 1000 cells/µl. There is a significant increase in the
incidence of serious infection once ANC falls below 500 cells/µl, and moderate neutropenia is
defined as an ANC of 200 - 500 cells/µl [2, 3, 13]. When ANC falls below 200 cells/µl it is defined
as severe neutropenia. This condition is very serious and requires the patient to be admitted
to the hospital and treated with antibiotics [3, 13], and patients with an ANC below 100 cells/
µl are at the highest risk of infection. Hundred percent of the patients with ANC < 100 cells/µl
lasting 3 weeks or more develop documented infection.
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Neutropenia is usually diagnosed by a complete blood count (CBC) or full blood count (FBC).
If the results show a low ANC then these tests are repeated [15]. If the repeated test shows the
same results, a bone marrow biopsy is carried out to confirm the diagnosis. Bone marrow
aspirate is taken from two sites, one from the middle of the bone and one from the solid, bonier
part of the bone, usually from the large pelvic bone, the ilium, or the sternum [15].

Febrile neutropenia (i.e., neutropenia with fever) is mostly associated with chemotherapy, but
it may also occur after irradiation of the bone marrow. In this chapter, the term febrile
neutropenia is usually used to describe the occurrence of neutropenia (body temperature
≥38.3°C or oral temperature ≥38°C for more than hour) and an ANC of ≤ 500 cells/µl at the time
of fever, or in the following 48 hours [2, 14, 15, 16, 17, 18].

6. Adverse effects

Neutropenia has many negative effects. One of these side effects is dose reduction of chemo‐
therapy. Fifty percent (50%) of cancer patients received less than 85% of the prescribed doses
because of neutropenia.

Neutropenia can also cause delays in chemotherapy treatment, which can lead to increase in
cancer cell growth and tumor size. Both dose reduction and delay of chemotherapy can have
serious effects on patients’ lives, and may even lead to death [19, 20].

Neutropenia also has a dramatic and detrimental effect on the patients’ quality of life. Fatigue
is the predominant characteristic, which leads to a decrease in the ability to perform daily life
activities. Patients describe fatigue as feeling weak and exhausted. Psychological problems
were also reported by the patients, such as sadness, anxiety, reduced self-worth, and inability
to fulfill normal roles [19, 20].

7. Neutropenia diagnosis

The diagnosis of neutropenia is usually made by performing the following tests:

7.1. Complete blood count

The first test to investigate the suspicion of neutropenia presence is to perform complete blood
count (CBC) or full blood count (FBC) whereby the neutrophil numbers will be measured. If
the results showed a low neutrophil count then these tests will be repeated in order to be certain
that neutropenia is actually present [21].

7.2. Bone marrow aspirate/trephine biopsy

After performing a blood test, a bone examination could be carried out to confirm the results.
Bone marrow biopsy is done by obtaining bone marrow aspirates from two sites that are from
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the middle of the bone and also from solid bonier part of the bone. This bone biopsy is
performed with the patient under general anesthesia or local anesthesia with sedation. These
bone marrow samples are usually taken from the large bones such as large pelvic bone, the
ilium, or sometimes from the flat breastbone (i.e., the sternum) [21].

8. Causes of neutropenia

Demographic factors, hematological disorders, autoimmune diseases, infections, drugs
reactions, and chemotherapy or radiotherapy play a major role in the etiology of neutropenia
[2, 13, 17]. Neutrophil production is lower among older people; they are not as able to produce
mature neutrophil as younger people, and ANC in White men is higher than that in Black men.
Also neutropenia incidence seems to be higher in women than men [2, 13, 14]. Hematological
diseases like leukemia, myelodysplastic syndrome, Hodgkin’s and non-Hodgkin’s diseases,
and multiple myeloma have also been shown to cause neutropenia [2]. In these hematological
diseases, severe destruction of bone marrow leads to the destruction of stem cells. This will
result in the prevention of or decrease in neutrophil production, thus causing neutropenia [2].
Moreover, these hematological diseases can have an effect on the red blood cells (RBC) and
platelet production which can lead to severe anemia and thrombocytopenia. Usually the
patient will suffer from fever ≥ 38.5°C as well as gingivitis, bleeding, stomatitis, bone chills,
and the patient might also collapse [22]. Neutropenia has also been associated with autoim‐
mune diseases like systemic lupus erythromatosis (SLE). Neutropenia following SLE is usually
mild and the patient may not suffer from serious bacterial infection. However patients with
Sjören syndrome and rheumatoid arthritis may have severe neutropenia, leaving them at
higher risk of bacterial or fungal infection [2]. Many drugs such as diuretics, chlorpromazine,
and allopurinol have been shown to cause neutropenia, and two mechanisms for this have
been suggested. The first postulates that the drug produces dose-dependent toxicity on cell
production, protein synthesis, bone marrow, and cell survival. The second suggests a mecha‐
nism of drug-inducing immunological reactions, for example, the binding of drugs with the
surface of the neutrophil cell, leading to cell destruction and neutropenia. These two mecha‐
nisms are not always seen; they happen in only a small percentage of patients. These two
mechanisms also require a long duration of drug use [2].
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therapeutic drugs actinomycin, asparaginase, cytarabine, busulfan, cisplatin, daunorubicin,
etoposide, fluorouracil, ifosfamide, and methotrexate are highly associated with neutropenia
development [2, 14, 23].

The link between chemotherapy and neutropenia was emphasized by Buffoni et al. (2006) who
looked at the effect and toxicity of chemotherapeutic drugs on 30 non-small lung cancer
patients treated with a combination of cisplatin and vinorelbine on day 1 and day 8 and
repeated every 21 days. The major toxic effect associated with these chemotherapies was
neutropenia 3 and 4 (63%). The treatment also caused three deaths, two of which were due to
febrile neutropenia. Hence it can be concluded that even though the combination of cisplatin
and vinorelbine was very effective in the treatment of lung cancer, it was also associated with
neutropenia, some of which was fatal [24].

Yamanaka et al. (2007) conducted a study 1055 patients in Japan with advanced gastric cancer
on oral fluoropyrimidine derivatives (S-1). The main important result of the study was that
neutropenia incidence was an inadequate predictor of increased survival in these patients.
Also the another important point of their study was that the absence of neutropenia indicated
that the doses of the chemotherapeutics drugs were not intensive enough to cause neutropenia
[25]. This point was also indicated in the observational retrospective study carried out in
Penang Hospital on 117 solid tumor patients who were admitted between January 2003 and
December 2006, and treated with various types of chemotherapy regimens. The highest
chemotherapeutic regimen received in this study was (5-FU + epirubicin + cyclophosphamide)
(47, 40.2%), followed by (gemcitabine + cisplatin) (6, 5.1%), and others. The majority of the
patients in the study were on a 1-day chemotherapy administration schedule of (90, 76.9%),
followed a schedule of more than one day (27, 23.1%). The statistical analysis of Chi-square
test results showed insignificant associations between chemotherapy type and neutropenia
incidence (P=0.798) and neutropenia severity (P=0.199). The same results were found between
neutropenia incidence and chemotherapy administration schedule and duration (P=0.689) and
neutropenia severity (P=0.434).

The main explanation for these results was that the doses of these drugs were not high
enough  to  cause  bone  marrow  suppression  and  lead  to  neutropenia.  Moreover,  the
administration schedule for each drug was long enough to overcome neutropenia, and the
high use of G-CSF likely played a major role in reducing the time and neutropenia severity.
All  these  factors  likely  contributed  to  the  non-significant  association  observed  between
neutropenia  incidence  and  severity,  and  chemotherapeutics  drugs  and  administration
schedule [26]. The correct doses of chemotherapeutic drugs must be used in order to prevent
the incidence of lethal neutropenia [27].

Another study looking at the association between neutropenia and chemotherapy drugs was
conducted by Banerji et al. (2006) in the United Kingdom. The study involved 173 patients
treated with etoposide and carboplatin. The results obtained from the study showed a
significant association between neutropenia and the chemotherapy drugs (P <0.0001) [28].

However, different chemotherapy regimens are not associated with the same neutropenia
severity. This difference is due to substantial variations in the resiliency of hematopoietic
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tissues among cancer patients and chemotherapy tolerance. Moreover, severe neutropenia has
been reported in patients with solid cancers, especially breast cancer patients, when treated
with cyclophosphamide, methotrexate and 5-fluorouracil (CMF), suggesting that neutropenia
is associated with the intensity of the chemotherapy regimens [8], for example, the doses of
cytotoxic drugs such as epirubicin, cisplatin, doxorubicin, vincristine, capecitabine, carbopla‐
tin, and bleomycin were not high or intensive and they do not seem to cause severe neutropenia
(i.e., neutropenia is considered a minor side-effect for these chemotherapies). But these low
chemotherapy doses can cause other major adverse effects like nausea, vomiting, thrombocy‐
topenia, alopecia, and anemia [29, 30, 31].

9.1. Role of route of chemotherapy administration

The route of chemotherapy administration could be either systematic which includes: intra‐
venous (I.V), oral, and intramuscular (I.M) or local intrathecal, intraperitoneal, intra-arterial,
and intrapleural. The most commonly used administration routes are the intravenous and the
oral route. The advantage of administering chemotherapy by these two routes is that tumor
cells throughout the body would be exposed to the chemotherapy. However, the disadvantage
is that sensitive tissues such as in the bone marrow and mucosa will also be equally exposed
to these chemotherapeutic drugs. So the main goal of I.V administration of chemotherapy is
to achieve a systematic chemotherapy concentration that is effective for the cancer treatment
of the cancer concerned [32]. When the chemotherapy is administered by the I.V. route, the
entire dose of the chemotherapy drug will be in the blood circulation and produce its effect on
the cancer cells. This will also lead to an increase in its adverse effect as compared to the oral
route whereby the drugs will be slowly absorbed and the concentration will increase gradually
thus not producing major side effects. But there will be no difference between the oral and the
I.V. route in the part concerned with neutropenia incidence, onset, or severity, since neutro‐
penia is related to chemotherapeutics intensity and effects but not with the route of adminis‐
tration [32, 33].

Jassem et al. (2003) focused on the effect of oral and I.V. administration of chemotherapeutic
drugs on neutropenia incidence. In their study, 56 patients were treated with vinorelbine and
cisplatin for their non-small cell lung cancer (NSCLC). On day 1 both drugs were given via
I.V. route, and this was followed by cisplatin I.V. and vinorelbine oral on days 8, 15, and 22.
The cycle was repeated every 28 days. The great and the predominant side effect observed was
neutropenia, that is, 73% of the patients had grade 3 (severe) and 4 (life threatening) neutro‐
penia and anemia had a lower percentage of incidences. Thus, Jassem and his colleagues’ study
demonstrated that the route of chemotherapy administration has no significant effect on their
pharmacological action, since both routes produced similar efficacy and safety as well as
similar side effects. However, the important point of their study was the new approach of I.V.
administration on day 1, and oral administration on days 8, 15, and 22 which is more suitable
and comfortable to the patients. However, the route of administration had no effect on the
chemotherapy toxicity since neutropenia and anemia were still the major side effects produced
by these chemotherapeutics drugs [34].
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9.2. Impact of chemotherapy cycles and schedule on neutropenia

It is preferred to administer on a continuous basis for maximal cancer cell killing and to
decrease the development of cancer cells resistance. However, chemotherapy toxicity results
in the destruction of normal cells, and thus should be stopped for sufficient intervals so as to
allow normal cells to recover. The duration of chemotherapy administration is known as
chemotherapy cycle. Neutropenia incidence is mainly and highly associated with the first cycle
of the chemotherapy more than the other or subsequent cycles. Indeed, the depletion of the
bone marrow will lead to decreased production of the neutrophils and neutropenia which
mainly occur with the first cycle of chemotherapy.

The association was determined by a study conducted in the United States of America by
Crawford et al. (2005) The study included more than 4,000 cancer patients age ranged from 18
to 97 years. More than 100 different chemotherapeutic regimens were reported and the most
frequently used chemotherapeutics were anthracyclines (35%), platinum compounds (33%)
and fluorouracil (20%). Neutropenia occurrence after the first cycle of the chemotherapy was
documented in 2,160 patients. Neutropenia with ANC nadir of < 1 × 109 cell/ L was observed
in 43% of the patients, while severe neutropenia (ANC nadir < 0.5 × 109 cell/ L) was seen in 24%
of the studied population. Fourteen percent of the patients had febrile neutropenia, while
severe febrile neutropenia was found in 9% [35].

Another study in the United States conducted by Wolf et al. (2005) on 2,222 cancer patients
showed that one-third of them were treated with fewer than four cycles of the chemotherapy
due to complications. The most important result obtained was that half of the cases of
neutropenia occurred during the first cycle of chemotherapy, especially among breast cancer
patients [36].

The relationship between chemotherapy and neutropenia was also reported by Schallier et
al. (2007). He conducted a study in Belgium on 48 non-small lung cancer patients treated
with three cycles of paclitaxel,  carboplatin, and gemcitabine. Schallier and his colleagues
aimed to detect the toxicity of these chemotherapies after each cycle. The results of their
study showed that the chemotherapy-induced neutropenia happened on days 8 and 15 of
the first cycle. During the second cycle, 34 out of 42 patients developed neutropenia on day
15. Neutropenia was also prominent on day 15 of the third cycle, during which 24 out of
42 patients  developed it.  Therefore,  the  study showed that  there  was  a  strong relation‐
ship  between  chemotherapy  cycle  and  neutropenia  incidence.  However,  there  was  no
significant  relationship  between  chemotherapy  cycle  and  neutropenia  severity,  which
remained the same across the three cycles [37].

Neutropenia severity mainly increases due to chemotherapeutic drugs schedules [38].
Chemotherapeutic drugs are usually administered in a manner that will enhance their main
benefits and reduce or prevent their toxic effects [32, 33, 39], but the duration of administration
is also controlled by the pharmacokinetic and pharmacodynamic characteristics of the drug
used, as some chemotherapeutic drugs can cause severe bone marrow suppression, such as
the alkylating agent cyclophosphamide. These drugs are usually administered by pulse
method, that is, for a short period (usually 1 day) followed by a long interval before the next
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dose is given. This will give time for both the bone marrow and neutrophils to recover [40].
When given on a longer administration schedule, drugs such as 5-flurouracil will lead to the
inhibition of RNA synthesis of the cancer cells, thus killing them. However, when given as a
single bolus dose they will lead to the inhibition of thymidylate synthesis, which will result in
severe side-effects. On the other hand, paclitaxel, when given for more than 1 day, will mainly
lead to severe toxicity and cause more destruction of the bone marrow. However, when given
for 1 day, paclitaxel will render the desired anticancer effect, with fewer effects on bone
marrow. The standard interval between each cycle, whether the cycle lasts 1 day or more,
ranges from 21 to 28 days [32, 33, 39].

10. Prevalence and incidence of neutropenia

Neutropenia generally occurs in one out of three patients treated with chemotherapy. Once
neutropenia happens, it may threaten the patient’s life, and chemotherapy schedule or dose
should be delayed in order to give the body a chance to produce new neutrophils [41, 42, 43,
44]. Although neutropenia is common during chemotherapy, severe neutropenia is not and
can cause serious morbidity and mortality due to resulting infections. Epidemiological studies
have shown a wide variation in neutropenia incidence according to geographic regions. The
average incidence of neutropenia in the United States is 56.4 per million people. There are no,
or very few studies that give an exact number of neutropenia prevalence [45].

11. Risk factors for neutropenia

11.1. Gender

The female gender is a risk factor for neutropenia and febrile neutropenia. The possible reason
for the higher number of females than males with neutropenia is that the incidence of cancer
in females is generally higher than that in males by a ratio of 1:1.3 [46]. Moreover, it has also
been reported that 49% of the solid cancer patients who developed neutropenia during
chemotherapy were diagnosed with breast cancer. Since breast cancer occurs mostly in
females, this could also explain the higher number of females with neutropenia [17, 47]. A
study by Wolf et al. (2005) in the United States looked at the risk factors associated with
neutropenia among 2,222 patients. The main results showed that there were significant
associations of neutropenia severity and gender (P= 0.001) and between complication and
gender (P= 0.004) [47]. An observational retrospective study was conducted by Bassam et al.
(2009) on solid cancer patients admitted to Penang Hospital in 2003 - 2006 who became
neutropenic during chemotherapy. The results show an insignificant association between
incidence and neutropenia severity with patients’ demographic data, leading to the conclusion
that the demographic data is not a risk factor for neutropenia incidence or severity. However,
the main reason for this insignificance was the small sample size [18].
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11.2. Age

Neutropenia is more common among the elderly (i.e., 50 years of age or older). Indeed these
individual are already less able to produce mature neutrophil cells [2, 8, 13, 17]. According to
the National Cancer Registry of Malaysia (2003), cancer incidence, especially breast cancer
incidence, is more predominant at the age of 50 years or more. Yip and Omar Hasan Kasule
(2005) reported that neutropenia occurred mostly in people aged 50 - 59 years and 75% of the
neutropenic patients in their study were diagnosed with breast cancer [48, 49]. In his study,
Crawford (2007) investigated 282 lymphoma cancer patients treated with cyclophosphamide,
doxorubicin, vincristine and prednisolone (CHOP), and said that the incidence of neutropenia
was predominant among individuals aged 65 years or more compared to younger than 65
years of age [50]. Moreover, in the United States, Voelker et al. (2004) carried out a retrospective
study from 1991 to 1999 on 7,238 patients with non-Hodgkin lymphoma (NHL). The main
objective was to find the major risk factors associated with initiation and duration of hospi‐
talization among neutropenic patients after chemotherapy. The median age was 75 years
(range: 66 to 100 years). About 22% of patients needed hospitalization and half were first
admitted within the first 42 days of treatment. The mean duration of hospitalization was 55.7
± 1.43 days and the median was 34 days. The risk factors found to be associated with hospital
admission were patients’ age, gender, chemotherapy type, history, and disease stage. The risk
of hospitalization due to neutropenia increased with age until the age of 80 years [51]. So the
study by Voelker et al. (2004) demonstrated a significant association between neutropenia and
patients’ age and gender. At these advanced ages, chemotherapy doses usually reduced and
the administration of G-CSF (Filgrastim) is increased [17, 36].

11.3. Ethnic group

The ethnic group has been suggested to have a significant effect on ANC and therefore there
is a relationship between these variables and neutropenia [13]. However, some specific types
of cancers are highly associated with specific races. According to Kaur et al. (2007), breast cancer
incidence in Penang mostly occurs among the Chinese (62.5%), followed by the Malays (26.7%),
and the Indians (10.2%), and breast cancer is most highly associated with neutropenia (Wolf
et al., 2005), which could indicate that the ethnic group does play a role in the incidence of
neutropenia [32, 52].

Moreover, in the United States, another study by Hershman et al. (2003) also showed that there
is an association between ethnicity and neutropenia (WBC level) in breast cancer survivors.
Their study was performed on African American and White American women with breast
cancer (stage I and II) treated with chemotherapy. It showed that the WBC level in African
American women was significantly lower than that of White American women. There was
also a significant difference between the period of chemotherapy treatment of African
American (19 women) versus White American women due to neutropenia. The explanation
for the difference in period of treatment was said to be due to lower ANC. Besides that,
neutropenia occurrence led to a delay in chemotherapy administration. Therefore, their study
demonstrated a significant association between neutropenia occurrence and ethnicity [53].
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12. Neutropenia and cancer type

12.1. Solid cancer

Neutropenia has been shown to be associated with solid tumors especially breast cancer, as
about 25% of breast cancer patients develop neutropenia. Lyman and Wilmot (2006) and Wolf
et al. (2005) found that among patients with solid cancer, breast cancer patients had the highest
risk for developing severe neutropenia and febrile neutropenia during the first cycle of
chemotherapy. Due to the neutropenia, 40% of the breast cancer patients had the chemotherapy
delayed and about 25% had their chemotherapy treatment doses reduced. The possibility of
breast cancer patients to develop neutropenia at point during chemotherapy was 78% [17, 32].
Patients with solid tumors usually have normal neutrophil cell function as compared to
patients with hematological malignancies, whose neutrophil function is completely abnormal
and thus would suffer from neutropenia. Patients with solid tumors are also not immuno‐
compromised as are those with hematological malignancies, and many centers now consider
solid tumor patients to have a low risk of neutropenia [54, 55]. A significant association was
also found between cancer type and neutropenia duration, but not between cancer type and
neutropenia severity [56]. The study by AL-Ahwal (2005) also showed that the association
between neutropenia severity and solid cancer was not significant, but that co-morbidity of
chemotherapy with solid cancer was significant. Among breast cancer with neutropenia, more
than 75% of cases seemed to be associated with the type of chemotherapy employed, which
was CMF [17]. In a retrospective study on 117 solid cancer patients with neutropenia conducted
by Bassam and colleagues in Penang, the type of solid cancer played an insignificant role in
the incidence and/or neutropenia severity. The main explanation for this result was that
patients with a solid tumor are different from those with hematological malignancy, in the
sense that solid tumor patients usually have normal neutrophil cell function. While, in case of
hematological malignant patients where by their neutrophil cells function is completely
abnormal and thus they suffer from neutropenia. In contrast, neutropenia occurrence among
solid cancer patients usually starts after chemotherapy, and severe neutropenia may last for 7
- 10 days. Thus the main cause of neutropenia is not the presence of cancer itself, but the
chemotherapeutic agents or drugs used. For this reason solid tumor patients who developed
neutropenia are considered to be at low risk for neutropenia [26].

12.2. Hematological cancer

Patients with hematological malignancies are necessarily immunocompromised, either as a
result of the malignancy or due to the therapeutic interventions used to manage it. Some
hematological malignancies are associated with specific immune defects that predispose to
infections with particular pathogens. For example, patients with acute leukemia have an
increased risk of severe gram-negative bacterial infections as a result of quantitative or
functional neutropenia. Patients with chronic lymphocytic leukemia and multiple myeloma
are susceptible to invasive bacterial infections from staphylococci, streptococci, and especially
pneumococcus. Patients with lymphoma have abnormalities of the cellular immune system
that result in an increased risk of viral (e.g., herpes simplex) and fungal infections (e.g.,
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cryptococcus). Moreover, therapeutic interventions such as corticosteroids, chemotherapy,
stem cell transplant, and radiation also produce deficiencies in the host immune defense [57].

Neutropenia due to chemotherapy is the most common risk factor for severe bacterial
infections in hematological malignancies. Impaired T-cell function in patients undergoing
allogenic stem cell transplant is associated with an increased susceptibility to invasive viral
infections. It can also induce alterations in host colonization, such as disruption of natural skin
and mucosal barriers, and can interfere with nutrition, which can cause an increase in the risk
of infection. Therefore, the degree of neutropenia either as a consequence of the disease or the
therapy, is directly related to the incidence of serious bacterial and fungal infection in patients
with hematological malignancies. There is a significant increase in the incidence of serious
infection once ANC falls below 500 cells/µl. Patients with ANC below 100 cells/µl are at the
highest risk of infection. The duration of neutropenia also contributes significantly to the risk
of serious infections. Qualitative defects in neutrophil function have been described in
hematological malignancies. These include defects in chemotaxis, phagocytosis, bactericidal
capacity, and the absence of respiratory burst that accompanies phagocytosis. Additionally,
chemotherapeutic regimens used in association with corticosteroids can decrease phagocytosis
and neutrophil migration [57].

13. Management of neutropenia

13.1. Granulocyte colony stimulating factors

Granulocyte colony stimulating factors are glycoproteins that regulate the proliferation,
differentiation, functional activity and survival of myeloid cells, which help in reducing the
duration and neutropenia severity as a result of chemotherapy [8]. Moreover, G-CSF treatment
can significantly reduce hospitalization period and frequency neutropenic patients, and
reduce the amount of antibiotics used [8]. G-CSF such as Filgrastim (Neupogen®) can be used
to prevent, reduce, or palliate neutropenia in patients treated with chemotherapy. Filgrastim
has also been shown to decrease the incidence of febrile neutropenia and to improve survival.
Moreover, G-CSF have also been shown to decrease neutropenia severity. Both G-CSF and
granulocyte-macrophage colony stimulation factors (GM-CSF) (Sargramostim®) have been
approved by the United States Food and Drug Administration for the treatment of neutropenia
[2, 8]. But G-CSF use is preferred as it is more effective and has a lower side-effect [8]. A study
on the efficacy of the G-CSF in reducing neutropenia among solid tumor and lymphoma
patients receiving chemotherapy was carried out by Lyman et al. (2002). In their study, G-CSF
was administered before the occurrence of fever and neutropenia. There were 1144 patients
with eight trials, five with filgrastim and three with lenograstim. The results showed that G-
CSF reduced the risk of febrile neutropenia (odd ratio [OR] 0.38, 95% [CI]: 0.29 - 0.49). However,
the reduction of infection-related mortality was insignificant (OR= 0.6, 95% CI 0.3 - 1.22). There
were no differences in treatment effect by cancer type. The study demonstrated that there was
a significant association between the G-CSF and the reduction of neutropenia risk [58].
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Juan et al. (2001) carried out a prospective study in Spain on 44 solid cancer patients between
1997 and 1999. The aim of the study was to compare the effectiveness of different doses of G-
CSF (lenograstim) on neutropenia. The doses used were 263 micrograms/day (full dose) and
131.5 micro grams/ day (half dose). Of the 44 patients, 39 (88.6%) developed neutropenia after
chemotherapy. A total of 120 courses of chemotherapy were given to the patients, full doses
were given in 61 courses and half a dose of lenograstim was given in 59 courses. The results
of the study showed that severe neutropenia was more common among patients who received
low doses of lenograstim (20%) as compared to the full dose of lenograstim (12%), but the
difference was not significant (P= 0.1). The frequency of fever and hospital admission was not
affected. The mean ANC with full doses of lenograstim was higher than with half doses, but
was again not significant (P= 0.324). Juan concluded that both doses of lenograstim had a
similar efficacy in reducing neutropenia severity [59].

All the above studies showed that G-CSF should be the primary treatment for severe and febrile
neutropenia. This is also in accordance with Malaysian treatment guidelines for febrile
neutropenia (i.e., severe neutropenia) treatment [60], which indicate that G-CSF should be
considered in patients with febrile neutropenia with high risk features. In the case of severe
febrile neutropenia (ANC less than 0.1× 109 cells/L), or in the presence of signs and symptoms
of infection, antibiotics, must, be used with G-CSF [8].

13.2. Antimicrobial therapy

Empirical antibiotic therapy is required in neutropenia especially, when it is combined with
gram-negative bacterial infection, as this combination is associated with high mortality. This
point is supported by Schimpff (2001), who mentioned that if fever is not taken seriously and
the neutropenic patient is suffering from a bacterial infection, 40% will die within the first 48
hours [61]. This is because there are no reliable methods to determine whether neutropenic
fever is due to bacterial infection or not. Thus, antimicrobial therapy must be started either as
mono antibiotic therapy or a combination antibiotic therapy. This reduces the mortality of
gram-negative infection by 10% [62]. Any empirical antibiotic used must have a wide range
of activity, enough to cover the majority of potential pathogens. There are three different
universal strategies for using antibiotics in the treatment of febrile neutropenia: (i) a combi‐
nation of either beta-lactam with aminoglycoside, (ii) monotherapy with wide range beta-
lactam, and (iii) both of the above strategies combined [62]. Most neutropenic patients are
treated with a beta-lactam antibiotic such as ceftazidime which is widely used as a single
empirical antibiotic for neutropenic fever because its effectiveness is very similar to combina‐
tion therapy. Other beta-lactam antibiotics such as imipenem, ticarcillin and cefepime may
also be used as monotherapy or in combination with metronidazole or aminoglycoside
(amikacin and gentamicin) to overcome bacterial infection, especially gram-negative bacteria.
Penicillin derivatives such as piperacillin and tazobactam can also be used alone or in combi‐
nation with beta-lactam derivatives such as imipenem to overcome anaerobe bacterial
infection. The new generations of beta-lactam antibiotics have shown wide protection against
both gram-positive and gram-negative bacteria such as cefepime [63]. Therefore, ceftazidime
or imipenem could be used as first-line treatment while awaiting the results of a culture and
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sensitivity test [2]. This is also in accordance with Malaysian antibiotic guidelines for febrile
neutropenia (i.e., severe neutropenia) treatment [61, 64]. According to the United States Food
and Drug Administration, there are many types of antibiotics that could be used to treat
neutropenic patients. However, there are only a limited number of antibiotics that are effective
for the treatment of febrile neutropenia (i.e., severe neutropenia). Ceftazidime is considered
one of the most effective antibiotics and has been approved for the treatment of febrile
neutropenic patients at different ages [65].

Combination therapy is also used when there is a need, when there is resistant bacteria in
neutropenic patients, or even because of neutropenia severity [62]. In the United States,
cephalosporin (mainly ceftazidime) is frequently used as an initial single empirical antibiotic
for the treatment of febrile neutropenia. The combinations of cephalosporin plus vancomycin,
third generation cephalosporin plus penicillin, or carbapenem plus aminoglycoside are also
used. These combinations have been recommended for patients who were suspected to be or
are suffering from resistance gram-negative bacterial infection [8]. The same result was found
by De Pauw et al. (1994) who conducted a study on 692 cancer patients suffering from febrile
neutropenia. In their study the patients either received 2g ceftazidime every 8 hours, or 14 -
16 g/ day of piperacillin, in 4 - 6 divided doses plus tobramycin 1.7 - 2 mg/kg of body weight
every 8 hours. Their results showed that mortality due to infections was 6% with ceftazidime
and 8% with piperacillin plus tobramycin. Adverse effects of ceftazidime occurred in 8% of
patients, compared to 20% who received combination antibiotics. The main conclusion made
by De Pauw and his colleagues was that ceftazidime as monotherapy was as effective as
piperacillin plus tobramycin, and that ceftazidime was much safer in the treatment of febrile/
severe neutropenic patients [65].

Another  study  in  Japan  by  Yano  and  Nakano  (1996)  looked  at  the  use  of  antibiotic
monotherapy in 43 patients suffering from hematological toxicity. Eighteen of these patients
suffered  from severe  neutropenia  (ANC <  500  cells/µl).  The  patients  were  treated  with
cefpirome or a combination of two beta-lactam antibiotics. The results showed that 89.5%
of patients on cefpirome had a better quality of life, a decreased number of infusions, and
a  decrease  in  the  frequency  of  antibiotic  administration.  Cefpirome  use  also  led  to  a
reduction in night urination, a low cost/benefit ratio and a reduction in nursing responsibil‐
ities. Due to this high efficacy rate, cefpirome monotherapy is therefore considered a first
line treatment for patients with hematological diseases,  and especially those with severe
neutropenia, suffering from infection [66].

The effectiveness of antibiotic monotherapy was again supported by Tamura et al. (2001), who
compared the effectiveness of antibiotic monotherapy and combination antibiotics in neutro‐
penic patients. One hundred sixty five patients were enrolled in the study, with an average
age of 52 years. Severe febrile neutropenia was found in the 60% of patients (ANC < 100 cells/
µl). The patients were divided into two groups. One group was treated with antibiotic
monotherapy (either cefepime or carbapenem) and the other was treated with a combination
of cefepime and aminoglycoside. Two- thirds of the patients from both groups showed that
infection was overcome with antibiotic treatment. The conclusion was that the use of antibiotic
monotherapy is as good and effective as combination antibiotics in the treatment of febrile
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neutropenic patients. As mentioned the use of antibiotic monotherapy (ceftazidime or
cefepime) was also emphasized by the Malaysian Ministry of Health. Indeed, while the uses
of dual therapy may be preferred in cases with severe neutropenia, a prolonged duration
should be expected, as should complications, such as sepsis, hypotension, mucositis and
recurrent episodes [67].

13.3. Antibiotics schedule

According to the guidelines from the Infectious Society of America, neutropenic patients who
remained febrile but showed recovery in ANC on the third day of antibiotic therapy can either
continue with antibiotic treatment for 7 days, or antibiotic treatment can be stopped on the
fourth or fifth day. For those febrile neutropenic patients with no recovery in ANC, antibiotics
should be continued, and can be discontinued after 2 weeks if examinations and cultures show
no bacterial growth [68]. Hughes et al. (2002) reported that antibiotic schedule for neutropenic
patients is mainly determined and controlled by ANC (i.e., neutropenia severity). Antibiotic
treatment can be stopped after 3 days if there is no infection. Indeed, continuing antibiotic
treatment until the neutropenia is resolved is not preferred as it could lead to increased drug
toxicity and bacterial resistance. Thus, Hughes and his colleagues suggested a preferred
treatment of antibiotics for 5 - 7 days; antibiotics could be stopped before 5 days if there is
evidence of hematological recovery [69].

In Canada, a study by Tomiak et al. (1994) looked at the antibiotic schedule used in 134 febrile
neutropenic patients and its effect on duration of hospital stay. The study showed that
antibiotics can be stopped within 4 - 5 days especially for patients whose culture shows no
bacterial infection. The association between neutropenia and antibiotic reduction was signif‐
icant (P<0.001) [70].

14. Types of route antibiotics administration according to risk of infection

14.1. Low risk neutropenic patients (Oral therapy)

A recent review has reported that inpatient oral antibacterial therapy can be safely replaced
with conventional intravenous treatment among low-risk patients with febrile neutropenia,
namely, those who are clinically stable, who do not suffer from acute leukemia, pneumonia,
severe soft tissue infection, and who do not have any evidence of organ failure. Among these
patients single-agent quinolone was not inferior to combinations of quinolone with amoxicillin
plus clavulanic acid, but the latter is preferred when laboratory test show gram-positive
infections. Moreover, oral quinolone therapy should not be administered to patients who have
already received quinolone as a prophylaxis [71].

14.2. High risk neutropenic patients

The majority of the treatment guidelines indicate that high-risk neutropenic patients need to
be treated with using parenteral broad spectrum antibiotic therapy, that is using standard,
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hospital-based guidelines. For a long time, the most common approach was the selection and
use of combination antimicrobial therapy (beta-lactam plus aminoglycoside antibiotics) [72].

14.3. Duration of therapy

According to the guidelines from the Infectious Society of America, neutropenic patients who
remain febrile but show recovery in neutrophil cell count on the third day of antibiotic therapy
could either continue with antibiotics treatment for 7 days or antibiotic treatments can be
stopped on the fourth or fifth day.

For those neutropenic febrile patients with no recovery in the ANC it is preferred to continue
antibiotics which could only be discontinued after 2 weeks when the examination and cultures
show no bacterial growth [69].

14.4. Antifungal drugs

Fungal treatment is one of the most important steps for neutropenic patients. Even one positive
blood culture for candida should be considered significant. Patients with disseminated
candidiasis should be treated with fluconazole, which is as effective as amphotericin B and
less toxic. If the patient is not stable and has already received fluconazole, amphotericin B is
recommended. The treatment should continue until all signs of infections are resolved for a
minimum of 2 weeks. Patients with invasive fungal infection are at risk of recurrent infection
due to chemotherapy-induced neutropenia [73].

14.5. Antiviral drugs

The main characteristic of viruses is their simple structure, which helps them multiply. Viruses
use the biochemical mechanisms of the host cell to produce new protein and genes. This makes
the virus and the host cell identical and makes it difficult for the antiviral drug to distinguish
the viral cell from the host cell. In the last couple of years, further information on the mechanism
of viral multiplication has helped in the development of antiviral drugs such as acyclovir,
which is effective against some herpes viruses. On the other hand, the increase in the use of
immunosuppressive drugs had led to an increase in both bacterial and viral infections [74].

15. Conclusion

Neutropenia is a critical condition occurring among patients undergoing chemotherapy. It is
strongly associated with a number of negative experiences that have an adverse effect on
patients’ quality of life. Neutropenia can lead to and is associated with critical infection of
bacterial, fungal, or viral origin which may cause death if not treated. But survival in neutro‐
penic patients can improve overtime with the uses of empirical antibiotic treatment (mono‐
therapy or combination therapy). G-CSF is also a very effective treatment for neutropenia and
febrile neutropenia.
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1. Introduction

Pancreatic cancer is one of the most lethal malignancies, ranking as the fourth leading cause
of death from cancer in the United States. Despite a variety of improved diagnostic and
therapeutic approaches over the past several decades the mortality rate has not significantly
improved. There is wide variation in the therapeutic approach to pancreatic cancer based upon
multiple factors such as the stage at presentation, patient’s coexisting medical comorbidities,
etc. and at times the optimal treatment strategy is still controversial.

2. Epidemiology

Cancer of the exocrine pancreas was diagnosed in 45,220 patients in the United States in 2013.
Underscoring its fatal nature, during the same year, 85% of patients (38,460) died from this
disease [2]. Thus, despite only comprising 3% of all new cancer diagnoses, pancreatic cancer
accounted for 6-7% of all deaths related to cancer [2]. Over the past 10 years, the similar
incidence and the death rates emphasize that most pancreatic cancers are fatal as a result of
late stage at diagnosis (Figure 1) [2-12]. Although, the gap between the yearly incidence and
mortality of pancreatic cancer has slightly widened over the past ten years, most patients
diagnosed with cancer will succumb to this deadly disease (Figure 2).

The average age at diagnosis is 60 to 65 years. The etiology of pancreatic cancer is not known,
but several risk factors have been identified. For instance, men have a slightly higher incidence
compared to women (Relative Risk [RR] 1.35) and Black men have a 30-40% higher rate in
incidence compared to White men [13]. Cigarette smoking is the best well-recognized envi‐
ronmental risk factor for the development of pancreatic cancer. Current smokers have a RR of
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up to 3.6 compared to non-smokers and smoking is estimated to contribute to 25% as an
etiology of pancreatic cancer [14;15]. Other risk factors for pancreatic cancer include: diabetes,
obesity, Helicobacter pylori infection, non-O blood group and chronic pancreatitis [16-20].

Most forms of pancreatic cancer are sporadic. However, familial pancreatic cancer accounts
for 5-10% of all pancreatic cancers [21]. Data from the National Familial Tumor Registry
demonstrates that the risk of pancreatic cancer of the pancreas is 18-fold higher if two first-
degree relatives are involved and 57-fold higher if three first-degree family members are
affected [22]. This risk is conferred by an increased risk in several recognized genetic syn‐
dromes caused by germline mutations leading to familial syndromes. For instance Peutz-
Jeghers Syndrome results from a germline mutation of the STK11 gene. Affected individuals
have a 132-fold increased risk for pancreatic cancer [23]. Familial Atypical Mole Multiple
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Figure 2. The incidence divided by the mortality in the Unites States over the past.
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Melanoma Syndrome patients with a germline mutation of the CDKN2A gene have a 46-fold
increased risk for the development of pancreatic cancer. Individuals with mutations of the
PRSS1 gene have an increase in trypsin activity, which in turn causes chronic inflammation of
the pancreas. These patients suffer from hereditary pancreatitis and have a 50-fold increase
risk of pancreatic cancer [23]. Other genetic syndromes that confer a higher risk include cystic
fibrosis (CTFR gene mutation), Fanconi Anemia, familial breast or ovarian cancer (BRCA2 gene
mutations), familial adenomatous polyposis (APC gene mutations), Li-Fraumeni syndrome
(p53 gene mutation) and Lynch II syndrome (MLH1 gene mutation) [24].

3. Pathology

Pancreatic ductal carcinomas arising from the exocrine pancreas is the most common type
accounting for 95% of these tumors. Two- thirds of these tumors occur in the head of the pancreas
and have an aggressive behavior [25]. The vast majority of malignancies of the pancreas are
infiltrating ductal adenocarcinomas and the term pancreatic cancer generally refers to adeno‐
carcinoma of the pancreas. Pancreatic cancer can originate from each of the cell types that form
the pancreas. For instance, neuroendocrine tumors arise from the pancreatic islet cells. Unlike
ductal adenocarcinoma, many of the endocrine tumors are benign. Small subsets are endo‐
crine carcinomas and make up around 1% of pancreatic cancers. Pancreatic cystic neoplasms
include a group of tumors having varying malignant potential. Uncommonly, extrapancreat‐
ic tumors can metastasize to the pancreas and have been reported from renal cell carcinoma,
non-small cell lung cancer, sarcoma, melanoma, and bladder cancers (Figure 3) [26].

Figure 3. Incidence of malignancies of the pancreas.
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Current pancreatic cancer models are similar to that of colon cancer, in which there is a
progression from precancerous lesions to invasive carcinomas. Pancreatic cancer evolves from
normal ductal epithelium, to pancreatic intraepithelial neoplasms/ductal lesions, to invasive
adenocarcinomas [27;28]. The ductal epithelium undergoes changes that are characterized by
PanIN-1A. Changes continue to accumulate and lead to PanIN-3, which denotes carcinoma in
situ (Figure 4). This evolution is associated with the acquisition of a large number of genetic
alterations that function through a small number of signaling processes and pathways. The
stepwise acquisition of genetic abnormalities leading up to invasive ductal adenocarcinoma
is now well characterized and includes mutations in KRAS2, inactivation of p16, p53, PDX1,
and SMAD4 [29].

Figure 4. Progression of normal epithelium to pancreatic cancer and genes involved in the pathogenesis of sporadic
pancreatic cancer.

Comprehensive genetic analysis of pancreatic cancer specimens demonstrated that the most
frequent genetic abnormality in invasive pancreatic adenocarcinomas is activation of KRAS2
oncogene, which was present in more than 90% of pancreatic cancers [28]. KRAS2 mutations
are thought to be acquired early in the development of pancreatic cancer as they are found in
a large number of ductal lesions and become more prevalent as these lesions progress to
invasive adenocarcinoma [27]. In addition to KRAS2 mutations, several other pathways in
cellular signaling have been found to be altered in 67-100% of the tumors. These pathways
include: TGF β, JNK, Integrin, Wnt/Notch, Hedgehog, control of G1/S phase transition,
apoptosis, DNA damage control, small GTPase, invasion, and homophilic cell adhesion [30].

Histologically, poorly formed glands are present in a dense fibrotic background within the
pancreatic parenchyma and sprinkled inflammatory cells. Some of the tumor cells might show
some mucin production. Perineural invasion is often seen and can help with the diagnosis in
well-differentiated tumors. Other features of malignancy include nuclear pleomorphism,
occasional large nuclei and multiple large nucleoli (Figure 5).

Figure 5. H&E stains of normal and adjacent ductal adenocarcinoma 40X (panel A). Panel B demonstrates invasive ad‐
enocarcinoma (100X). Perineural invasion is demonstrated in panel C.
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occasional large nuclei and multiple large nucleoli (Figure 5).

Figure 5. H&E stains of normal and adjacent ductal adenocarcinoma 40X (panel A). Panel B demonstrates invasive ad‐
enocarcinoma (100X). Perineural invasion is demonstrated in panel C.
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4. Clinical features

4.1. History

Currently there are no established screening tests for pancreatic cancer. The vague and
nonspecific symptoms in pancreatic cancer contribute to its delay in diagnosis. The location of
the tumor within the pancreas dictates some historical features and clinical presentation. The
stage of the disease is also important. Because most pancreatic tumors are located in the head
of the pancreas and present at an advanced stage, clinical findings suspicious for pancreatic
cancer must be rapidly addressed to exclude this lethal diagnosis.

Patients with lesions of the head of the pancreas present with painless jaundice and weight
loss, which might be accompanied with anorexia and weakness [31]. The frequency of
presenting symptoms in 1175 patients with adenocarcinoma of the pancreas was: 2/3 painless
jaundice, ½ weight loss, and about 1/3 abdominal pain [32]. Obstructive cholestasis might lead
to dark urine, light stools and pruritus. Distention of the pancreatic capsule causes vague
epigastric and/or back pain that poorly localizes to the location of the tumor. Obstruction of
the pancreatic duct or perineural invasion also causes pain, but this is less specific and poorly
localized. Ten percent of patients have symptoms attributed to cholelithiasis and will have
undergone recent cholecystectomy prior to the diagnosis of pancreatic cancer. Similarly,
obstruction of the pancreatic duct might lead to acute pancreatitis [13, 33]. Uncommonly, large
tumors might present with symptoms of duodenal obstruction such as nausea and vomiting
or symptoms associated with a gastrointestinal bleed [31].

Systemic manifestations are more usual in patients with lesions of the body and tail of the
pancreas such as weight loss and anorexia [31]. Constant pain is attributed to tumor invasion
of the celiac and mesenteric plexuses and occurs with advanced disease. Eight weeks is a
typical mean duration of symptoms. New-onset diabetes mellitus may be an initial presenting
symptom in patients with pancreatic cancer and glucose intolerance occurs in 15%-20% of these
patients. Depression, increased abdominal girth, and a history of panniculitis are rare, but
might accompany a diagnosis of pancreatic cancer [31, 34].

4.2. Physical examination

The physical examination for patients with pancreatic cancer is unyielding. Since two-thirds
of pancreatic adenocarcinomas occur in the head of the pancreas, the most common presenting
physical finding is evidence of obstructive cholestasis. Painless jaundice in an older patient
has been attributed a hallmark of physical findings necessitating careful exclusion of pancreatic
cancer. The examiner must investigate for signs of weight loss such as temporal wasting as
well as careful interrogation of lymph node basins [31].

Hepatomegaly, ascites or a palpable gallbladder (Courvoisier’s sign/law) may be present in
some patients with advanced pancreatic cancer. Courvoisier’s sign is more likely to be present
in patients with pancreatic cancer compared to calculi disease [35]. Physical findings in patients
with disseminated disease include supraclavicular lymphadenopathy (Virchow’s node).
However, pancreatic cancer usually does not metastasize to the supraclavicular nodes and
only a few cases have been reported [36]. Cutaneous metastasis in the periumbilical area (Sister
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Mary Joseph’s nodule) [37] and peritoneal seeding (Blumer’s shelf) are also rarely found with
pancreatic metastatic disease. Migratory thrombophlebitis (Trousseau’s sign), which is
evidence of intravascular thrombosis, may occur in patients with advanced pancreatic cancer
as well as other advanced cancers resulting from a hypercoagulable state from malignant
disease [38].

5. Staging

The AJCC staging system, based on the TNM stage, is most often used staging system for
pancreatic cancer. The tumor stage describes the size of the primary tumor, vascular structure
involvement and any direct extension of the tumor outside of the pancreas. The nodal stage
assesses the presence or absence of any regional lymph node involvement. The metastasis stage
describes the presence or absence of any distant disease (Table 1).

(a) Primary Tumor (T)

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ (includes lesions classified as PanInIII classification)

T1 Tumor limited to the pancreas, 2 cm or less in greatest dimension

T2 Tumor limited to the pancreas, more than 2 cm in greatest dimension

T3 Tumor extends beyond the pancreas but without involvement of the celiac axis or superior mesenteric artery

T4 Tumor invades the celiac axis or the superior mesenteric artery (unresectable primary tumor)

(b) Regional Lymph Nodes (N)

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

(c) Distant Metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

(d) Anatomic Stage/Prognostic Groups

Stage 0 Tis N0 M0

Stage IA T1 N0 M0

Stage IB T2 N0 M0

Stage IIA T3 N0 M0

Stage IIB T1 N1 M0

T2 N1 M0

T3 N1 M0

Stage III T4 Any N M0

Stage IV Any T Any N M1

Table 1. TNM staging system for pancreatic cancer
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Common sites of metastatic disease often include the liver, peritoneal cavity, and lungs [39].
The anatomic staging roughly correlates with whether or not the tumor is resectable. Those
tumors with Stage IA to IIB are considered resectable. Tumors designated as Stage IV are
unresectable and those designated as stage III can be borderline resectable or unresectable. The
NCCN classification system which divides tumors into resectable, borderline resectable or
unresectable categories may be more applicable clinically [40].

6. Diagnostic evaluation

Routine laboratory analyses are rarely abnormal and if abnormal they lack specificity for a
diagnosis of pancreatic cancer. Evidence of extrahepatic obstruction may be revealed by
increased levels of serum alkaline phosphatase, bilirubin and gamma-glutamyl transferase
with possible mild elevations in hepatic aminotransferases [31]. Hypoalbuminemia and
anemia may be present in patients with advanced disease. Mild coagulopathy can be seen in
patients with obstructive jaundice. Poor flow of bile acids in the small bowel in these patients
decreases vitamin K absorption resulting in depletion of vitamin K dependent clotting factors
over time. Elevated pancreatic enzymes (elevated amylase and lipase) associated with acute
pancreatitis can rarely be the first manifestation of pancreatic cancer [41].

There are no accurate or reliable serum markers to aid in the diagnosis of pancreatic cancer.
Low sensitivity and cross-reactivity with other tumors have prevented the clinical use of
carcinoembryonic antigen (CEA), fetoprotein, and pancreatic oncofetal antigen in the diagno‐
sis of pancreatic cancer. Carbohydrate antigen 19-9 levels (normal <37 units/mL) has been the
most useful commercially available test. However, the sensitivity of CA 19-9 ranges from 70%
to 92% and the specificity is poor (68% to 92%) [42]. The accuracy of CA 19-9 in the diagnosis
of pancreatic cancer is excellent when combined with ERCP, abdominal CT, or abdominal US
[43]. High levels of CA 19-9 have been associated with poor prognosis and tumor unresecta‐
bility [43]. CA 19-9 is also useful in monitoring the response of therapeutic interventions. As
the CA 19-9 requires the presence of Lewis blood group antigen (a glycosyl transferase enzyme)
to be expressed, this serum marker is of no value in 10% of the population who is negative for
this antigen [44, 45].

7. Conventional imaging modalities

Imaging studies are essential in the management of pancreatic cancer. The most important
goal of imaging is to determine tumor resectability. Involvement of adjacent vessels (superior
mesenteric vein, portal vein, and superior mesenteric artery), nodal involvement and distant
metastatic lesions are paramount in selecting treatment options. The investigation of most
patients with pancreatic cancer generally begins with a right upper quadrant ultrasound to
evaluate jaundice.
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7.1. Abdominal ultrasound

Abdominal ultrasound (US) examination reliably detects extra-hepatic and intra-hepatic
ductal dilatation. However, accurate identification of a pancreatic mass may be compromised
by operator experience, bowel gas interference, or obesity, and does not provide information
regarding tumor involvement of the vascular structures or lymph node involvement. In
advanced disease, ascites and liver metastases (>1 cm) may be seen by abdominal US.

7.2. Computed Tomography

Computed tomography (CT) has been used routinely for evaluation of pancreatic cancer over
the last few decades. However, since the advent of triple phase (noncontrast, arterial, and
portal venous) helical multidetector row CT (MDCT) with thin cuts (1 mm slices) through the
pancreas along with coronal three dimensional reconstruction (pancreatic protocol), it has
become the gold standard initial test for the diagnosis and staging of all pancreatic cancers.
The sensitivity for lesions greater than 2 cm is 100% [46]. While the false positive rate is low,
it might occur in the setting of focal chronic pancreatitis or autoimmune pancreatitis. The
advantage of CT is its wide availability, non-invasive approach, non-operator dependent and
easily reproducible images. It is also deliberately used in conjunction with 18F-fluorodeoxy‐
glucose positron emission tomography (PET)/CT for surveillance imaging post treatment.

7.3. Endoscopic ultrasound

Endoscopic ultrasound (EUS) transmits high-frequency sound waves through the upper GI
tract to detect abnormalities in the pancreas (Figure 6). The accuracy of EUS is operator
dependent and it is not yet available at many community hospitals. At experienced centers,
EUS has been shown to have a similar (or better) sensitivity and specificity for the diagnosis
of pancreatic cancer to that of MDCT [47]. Being a dynamic test, it can distinguish subtle
abnormalities such as pancreatic duct strictures and small neuroendocrine tumors. Not
uncommonly, it can detect small (<1cm) pancreatic cancers, which would escape detection by
MDCT. EUS can also evaluate malignant as well as pre-malignant cystic lesions such as intra-
ductal papillary mucinous neoplasms with its characteristic findings of intramural nodules
and communication with the main pancreatic duct.

Figure 6. Malignant biliary obstruction from mass in head of pancreas causing CBD and PD dilation (double-duct sign) US
(A). MRCP in (B) Note the distended gallbladder, seen in patients with malignant biliary obstruction (Courvoisier’s sign)
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Due to the high sensitivity of EUS in detecting small lesions, it is widely used to screen patients
with familial pancreatic cancer or other hereditary syndromes [48]. EUS has the advantage of
allowing sampling of the tumor mass, regional nodes, liver lesions, ascites and malignant cyst
fluid, as well as assessing tumor resectability during diagnostic evaluation (Figure 7). In one
study, the sensitivity, specificity, and accuracy of EUS-FNA for diagnosis of a pancreatic
malignancy were 91%, 100%, and 92%, respectively. No mortalities were reported in this
analysis and morbidity was only 2% [49]. Recently, the EUS-FNA needles have been employed
to introduce sophisticated probes directly into the pancreatic lesions for diagnostic needs, as
well as deliver therapeutic approaches such as local injections of cytotoxic agents and probe
based application of radiofrequency ablation.

A.
B. C.

Figure 7. Mass in head of pancreas causing biliary obstruction (note both cystic duct and common bile duct are dilat‐
ed)-A; The portal Vein PV-B and PV confluence (C).

EUS is not without limitations in the evaluation of patients with pancreatic cancer. In some
cases pancreatic cancer might be indistinguishable from focal chronic pancreatitis (with or
without focus of ductal adenocarcinoma), pancreatic intraepithelial neoplasms-PanINs, and
patients with autoimmune pancreatitis. The ability of EUS alone in differentiating these from
malignant lesions can be challenging and thus a multimodality diagnostic evaluation becomes
necessary along with the history and physical exam findings. Tissue sampling for pathological
evaluation might also be challenging with EUS as fine needle aspiration provides scant aspirate
and core biopsies (by pro-core needles) might not give adequate histological architecture
needed to make an accurate diagnosis. Further limitations of EUS are the result of anatomical
constraints such as tumors located in the uncinate process because the acute angle of the
echoendoscope in the second portion of the duodenum makes this location challenging for
FNA sampling.

7.4. Endoscopic retrograde cholangiopancreatography

Endoscopic retrograde cholangiopancreatography (ERCP) has been used historically to allow
direct visualization of the duodenum and ampulla, as well as delineation of the biliary and
pancreatic ductal systems. ERCP may also be used to obtain “brush” samples for cytology and
intra-ductal biopsies in order to increase diagnostic yield, especially in situations where EUS-
FNA results are inconclusive. However, ERCP remains an invasive test with potential risks
such as post ERCP-pancreatitis, which might result from injecting contrast to delineate a
suspected malignant pancreatic duct stricture. Hence, the usefulness of ERCP as a primary

Current Concepts in Pancreatic Cancer
http://dx.doi.org/10.5772/60451

233



diagnostic modality for pancreatic cancer has significantly decreased since the introduction of
endoscopic ultrasonography. Currently, ERCP is not favored as an initial test for the diagnosis
of adenocarcinoma of the pancreas. On the other hand, ERCP is generally reserved for
therapeutic indications such as palliating patients with obstructive jaundice from pancreatic
cancer with metastatic or locally advanced disease who are not candidates for resection. These
patients benefit from biliary sphincterotomy and/or stent placement (Figure 8). Routine
stenting of patients with resectable pancreatic cancer, however, has not shown clear benefits
in patients that might be considered candidates for resection as this might lead to unjustified
complications [50]. A new role of ERCP is evolving as a means to access the pancreatic duct
for endoscopic pancreatic imaging and therapeutics.

Figure 8. Malignant pancreatic stricture causing upstream pancreatic duct dilation. Note that the wire was advanced
into the bile duct during ERCP to place biliary stent for palliation of obstructive jaundice (A). Placement of metallic
biliary stent for palliation of obstructive jaundice in a patient with unresectable pancreatic cancer [fluoroscopic picture
(B); endoscopic picture (C)]

7.5. Magnetic resonance cholangiopancreatography

Magnetic resonance cholangiopancreatography (MRCP) is better than CT in outlining the
anatomy of biliary and pancreatic tree and can provide useful information in patients who
have suspected biliary or pancreatic strictures. It can also provide a road map for future
endoscopic therapy. MRI of the pancreas can provide valuable information about solid tumors
of the pancreas as well as cystic neoplasms, and is generally comparable to MDCT in deter‐
mining resectability (Figure 6) [51].

Centers without personnel experienced with EUS-FNA rely on percutaneous fine-needle
aspiration (FNA) of pancreatic masses to establish a diagnosis. CT-guided percutaneous FNA
performed by interventional radiologist carries a theoretical risk of malignant seeding of the
needle tract, but no convincing data has proven this theory conclusively. The CT guided
approach is technically easier for masses in the tail of the pancreas rather than the head. A
negative result on tissue diagnosis with a suspicious mass on CT scan does not preclude
surgical intervention. This approach can be helpful in patients who are considered poor
candidates for any endoscopic intervention due to underlying co-morbidities and individuals
who have unresectable disease.
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7.6. Exploratory laparoscopy

Reportedly, 20% to 40% of patients staged by CT, MRI, ERCP or EUS will have undetected
disseminated disease during exploratory laparoscopy. The use of laparoscopy has proponents
that span usefulness [52-54] to an entirely unnecessary procedure. The main argument against
its use emanates from the currently available non-invasive image modalities, which in the view
of some clinicians eliminates the need for a further invasive procedure [55]. Laparoscopic
exploration for patients with pancreatic lesions is best used selectively rather than routinely
and may have a larger role in resectable tumors of the body and tail of the pancreas [56;57].
Selective criteria for patients with pancreatic cancer include tumors larger than 3 cm, a CA 19-9
level above 100 U/ml, and questionable imaging findings.

8. EUS combined modalities

There has been recent interest in mucosal imaging (as discussed below), but none has yet been
accepted in the standard of care in diagnosing pancreatic cancer. Narrow band imaging
technology uses light of specific blue and green wavelengths to enhance the detail of certain
aspects of the surface of the mucosa. This technology has made it possible to visualize the wall
of the pancreatic duct with the help of a small catheter inserted into the pancreatic duct
(‘pancreatoscopy’) [58].

Optical endomicroscopy using a small diameter probe advanced into the pancreatic duct, at
the time of ERCP or EUS, allows real time microscopic imaging of the epithelial lining of the
pancreatic duct and pancreatic cyst wall. This allows direct high yield targeted tissue sampling
in the region of interest. Two modalities used in this fashion include confocal laser endomi‐
croscopy (CLE) [59;60] and high resolution microendoscopy [59;61]. On the other hand, optical
coherence tomography uses infrared light to scan areas beneath the mucosal lining of the duct
but the field of view is limited to only a few millimeters making evaluation of the entire
pancreatic duct difficult and time consuming [62].

During intraductal ultrasound (IDUS), a mini-ultrasound probe is advanced into the main
pancreatic duct to evaluate the wall of the pancreatic duct in indeterminate pancreatic
strictures. This allows diagnosis of early pancreatic cancers and outlines margins of IPMNs
before surgical resection [63;64]. IDUS is not widely used in United States due to the risk of
pancreatitis associated with the procedure and inability to obtain tissue for pathological
examination [65]. Another modality using EUS, contrast enhanced EUS, utilizes intravenous
contrast to highlight the echogenicity and enhancement of a lesion [66]. In a recent meta-
analysis, the pooled sensitivity of contrast-enhanced EUS for the differential diagnosis of
pancreatic adenocarcinomas was 94% (95% CI, 0.91-0.95), and the specificity was 89% (95% CI,
0.85-0.92) [67].

EUS elastography allows quantitative analysis of tissue stiffness and helps differentiate
pancreatic cancers from benign conditions such as chronic pancreatitis. In one study, the
sensitivity and specificity for detecting pancreatic malignancies was 100% and 92.9% respec‐
tively [68]. Three-dimensional reconstruction and spectrum analysis using EUS has shown
promising results, and will likely be used more often in the future [69].
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9. Novel diagnostic imaging modalities

Because pancreatic cancer might metastasize at an early stage, an ideal imaging modality is
one that would predict the biological behavior of the tumor. Understanding the molecular
aspects of pancreatic cancer has facilitated use of investigational modalities in this area.
Imaging agents such as peptides that bind to specific factors on the surface of pancreatic tumors
have been developed and include: plectin 1 (Plec 1), integrin αvβ6, cathepsin E and claudin-4
[70-73]. Early studies have shown promising results, but more work is needed before routine
clinical use.

A similar approach, but by interrogating normal tissue has also been investigated. Montet et
al. demonstrated that as pancreatic tumors do not express receptors for bombesin, a bombesin
peptide-coupled nanoparticle (BN-CLIO[Cy5.5]) can be used to image normal pancreas and
hence, differentiate it from pancreatic tumors [74]. Similarly, a novel concept of microbubbles,
small gas –filled microspheres, has been used in preliminary studies to image the peri-tumoral
vasculature with the assistance of ultrasound. Moreover, this technology can also be used as
a vehicle to deliver anti-cancer therapies [75].

10. Treatment

10.1. Surgical intervention

Surgery offers the only possibility for long term survival, however the majority (>85%) of
patients with pancreatic cancer will present with unresectable or metastatic disease [76].
Removal of all disease offers the patient the only chance of long-term survival. Those who
undergo surgical resection have a disappointing ~20% 5-year survival. Over the years it has
become clear that the indications for surgical intervention have been substantially widened.
Typically, the current criteria dictates possible resection for tumors stage I-A to II-B [77]. There
are no randomized trials that assess resectability criteria to guide surgical intervention. In the
absence of controlled trials, the best recommendations emanate from consensus guidelines [40,
78, 79]. It is practical to classify pancreatic tumors into one of three categories following
diagnostic imaging [77]:

i. Resectable Tumors: These are tumors localized to the pancreas. In this case, there is
no evidence of SMV or portal vein involvement of any kind. A plane of dissection
indicated by a fat pad between the SMA, celiac axis, and hepatic artery and the
pancreas has to be identified by CT scan as well as absent involvement of the SMV
and portal vein [40, 78]. These patients should proceed with surgical intervention.

ii. Borderline Resectable Tumors: There is a dynamic criteria for resection of these
tumors that continues to change based on the ability of specialized centers to perform
complex arterial/venous/portal resection and reconstruction [79]. These tumors
include those that have (A) Severe SMV-portal impingement (unilateral or bilateral),
(B) SMA/celiac artery involvement, but less than 180°, (C) Hepatic artery involvement
with the possibility of reconstruction, and (D) SMV occlusion or involvement with
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the possibility of reconstruction [40, 77]. These patients should undergo surgical
intervention at the discretion of highly specialized pancreatic cancer centers, undergo
neoajuvant treatment, and/or enrollment in clinical trials.

iii. Unresectable Tumors: These are tumors in which distant or extensive lymph node
metastatic disease has been identified. Involvement of vasculature beyond resection
or malignant ascites are also considered contra-indications for resection (i.e. major
venous thrombosis of the portal vein or SMA that extends for several centimeters or
circumferential encasement of the SMA) [78]. Resectability is best determined
preoperatively rather than intraoperatively. These patients are candidates for
chemotherapeutic interventions and enrollment in clinical trials as well as palliative
interventions depending on degree of the disease.

According to a consensus statement by the American Hepato-Pancreato-Biliary Association,
tissue obtained via EUS guided FNA is only required prior to surgery if neoadjuvant chemo‐
radiation is indicated. However, if there is sufficient evidence for pancreatic adenocarcinoma
based on history, physical exam, and diagnostic modalities; no tissue is required in good
surgical candidates prior to surgical intervention [78].

11. Surgical intervention for tumors of the pancreatic head

Extirpation of pancreatic tumors at the head of the pancreas require pancreatic and duodenal
resection as well as common bile duct re-implantation with reconstruction. The pacreatico‐
duodenectomy procedure (Figure 9) was first described in 1909 by Walter Kausch. Twenty six
years later, the success with the procedure in three patients was reported at the American
Surgical Association by Allen O. Whipple and Parson. The pancreaticodudenectomy proce‐
dure then became widely performed and it is commonly referred to as the Whipple procedure.
Although, it’s original description was a two-stage operative approach, it was rapidly modified
[80]. The commonly known one-stage Whipple operation is credited to Trimble’s group from
John Hopkins in 1941 [81]. The drastic increase in the number of operations performed today
is represented by the experience at Mass General where between 1940 and 1950, twenty
pancreaticoduodenectomies were performed; while, between 2005-2011 813 were described
(~125 per year) [82].

Technical considerations for standard pancreaticoduodenectomy (PD) have been reviewed
extensively [83]. The proposed lines of resection are shown in (Figure 9). The general explo‐
ration of the abdomen includes careful inspection of the peritoneal surfaces and liver for
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Following abdominal exploration, the right colon is mobilized and retracted medially; a
technique known as the Cattell-Braasch maneuver. The lesser sac is entered and posterior
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attachments of the stomach are divided. The superior mesenteric vein is identified by tracing
the middle colic vein proximally, or after Kocherization by following the sweep of the
duodenum medially. The gallbladder is mobilized and the common hepatic duct and gastro‐
duodenal arteries are divided. These maneuvers allow exposure of the anterior surface of the
portal vein. The portal vein and superior mesenteric vein are carefully separated from the
overlying pancreas. The stomach (or duodenum in cases of pylorus-preserving pancreatico‐
duodenectomy [PPPD]), small bowel, and pancreas are then divided sequentially. The
uncinate process is liberated from its retroperitoneal attachments to complete the dissection.
Gastrointestinal continuity is re-established by a pancraticojejunostomy (or pancreaticogas‐
trostomy), choledocojejunostomy, and gastrojejunostomy (or duodenojejunostomy in the case
of PPPD). Anastomoses are done in sequence: pancreas, then bile duct, then stomach (or
duodenum in the case of PPPD) (Figure 9).

Figure 9. Lines of resection of the typical pancreaticodoudenectomy. Reconstruction is performed in order from A to C.

PPPD is a modification of the standard Whipple procedure in which the entire stomach,
including the pylorus, and 2 cm to 3 cm of the duodenal cuff, are preserved. This modification
retains the entire stomach as a reservoir and may prevent the development of postgastrectomy
syndromes, marginal ulceration, and enterogastric reflux. PPPD is touted to result in shorter
operative times, less blood loss, and fewer transfusions. PPPD was first described by Dr.
Warshaw in 1981 and has been the largest variation of the procedure since the one-stage
approach was introduced in clinical practice [83]. However, delayed gastric emptying without
much further benefit has led to a change back to the gastrojejunostomy approach in some
centers, but this remains a point of controversy [84, 85].

Pancreaticojejunostomy may be performed as an end to-end “dunking” procedure, an end-to-
side anastomosis between pancreas and jejunum, or an end-to-side duct-to-mucosa anasto‐
mosis. A duct-to mucosa anastomosis may be performed over a stent and left in place for
pancreatic ducts less than 5 mm. The primary theoretical advantage of duct-to-mucosa
pancreaticojejunostomy is long-term patency. Pancreaticogastrostomy (PG) is performed in
an end-to-side fashion. There is no evidence that the type of pancreatic-enteric anastomosis
affects the rate of pancreatic fistula. Because pancreatic fistulas remain the most serious
complication of the operation, a pancreaticogastrostomy (PG) instead of a pancreaticojejunos‐
tomy (PJ) has been performed by some surgeons. Randomized controlled trials (n=3) have not
shown a difference in complications with these two approaches. However, thirteen non‐
randomized observational clinical studies have been in favor of PG [86]. Further studies are
needed to clarify these findings.
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The biliary and pancreatic anastomoses are drained and jejunostomy (for feeding) and
gastrostomy (for decompression) tubes are placed prior to closure. Routine placement of
feeding and decompression tubes is paramount in the postoperative management of patients
following a pancreaticodudodenectomy.

Total pancreatectomy for pancreatic cancer is rarely performed. Total pancreatectomy had
been proposed to obtain superior tumor margins and provide a more extensive lymph node
dissection. In practice, total pancreatectomy is associated with increased postoperative
mortality and no change in survival compared to standard pancreaticodudenectomy. Postop‐
erative diabetes is extremely difficult to manage in patients undergoing total pancreatectomy.
Similarly, extensive lymph node dissection does not improve survival and leads to a higher
complication rate [87].

Fifteen percent of pancreatic adenocarcinomas occur in the body and the tail of the pancreas.
Because these tumors typically do not cause biliary obstruction, its diagnosis is not made until
the disease is advanced and unresectable. Only 5% to 7% of individuals with adenocarcinoma
of the body or the tail of the pancreas undergo resection and their survival is much worse
compared to patients with adenocarcinoma of the head of the pancreas [77]. Distal pancrea‐
tectomy with splenectomy is reserved for rare instances when the tumor located in the body
or the tail of the pancreas is resectable.

11.1. Laparoscopic Pancreaticoduodenectomy

While the formidable Whipple remains one of the most complex abdominal operations
performed today, at some centers it has become common practice where several open opera‐
tions are performed in a week at Johns Hopkins or Mass General. With the continued ad‐
vancement in laparoscopic technique and popularity of this approach to surgical intervention,
there has been a rapid acceptance of more advanced laparoscopic approaches to patients with
cancer. The first total laparoscopic pancreaticoduedenectomy was described by Gagner and
Pomp in 1994 and constitutes one of the most advanced laparoscopic procedures today [88;89].
Between the time it was first described to 2009, 146 laparoscopic pancreaticoduodenectomies
were performed worldwide. A large series has been reported by Palanivelu and colleagues
which included 45 pancreaticoduodenectomies between 1998 and 2010 of which 18 were for
pancreatic adenocarcinoma [90]. Another large report from the U.S. included 65 cases of
laparoscopic pancreaticoduodenectomy and documented a morbidity of 42% and a mortality
of 1.5% [89]. A more recent review reported 10 case series totaling 150 totally laparoscopic
pancreaticoduodenectomies. In this review, mortality and morbidity have been comparable
to the open approach. Operative time for this cohort has been 483 minutes and length of
hospital stay 14.1 days [91]. The leading authors on these studies have concluded that the
laparoscopic Whipple is feasible and safe. However, in the absence of controlled trials this
approach remains experimental.

11.2. Robotic pancreaticoduodenectomy

The first pancreaticoduodenectomy was described in 1909 by Kausch. In 1935 AO Whipple
described three successful cases via a two-stage approach [80]. One-stage Whipple was
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introduced in 1941 by Trimble [81]. No major variations occurred in technique until preser‐
vation of the pylorus was introduced by Warshaw in 1981 [85]. These changes in operative
technique were not as radical as the introduction of the minimally invasive approach. The
laparoscopic pancreaticoduodenectomy was introduced by Gagner and Pomp in 1994 [88].
Almost 100 years later, the first human robotic surgery was described by Himpens in 1997 [92]
and the first robotic pancreaticoduodenectomy is credited to Giulianotti in 2000 [93]. While
several limitations still exist, robotic surgery is the most innovative technology brought to the
operating room in the last century.

A recent systematic review of the robotic approach demonstrated that up to date, 203 patients
have had an intention to treat approach to a pancreaticoduodenectomy [94]. While the
technical approach is wide and not clearly defined, the number of reported cases appears to
be increasing over the past few years. In Cirocchi’s review, the conversion rate was 14%, overall
morbidity 58% and reoperation occurred in 7.3% of the cases [94]. Totally robotic technique
has been reported by several surgeons [93;95-98]. While oncologic operations (R0) have been
performed with similar morbidity and mortality to the open Whipple, the innovative nature
of this approach makes it highly experimental and should only be undertaken in specialized
centers. Similarly, cost analysis must be addressed in subsequent studies.

12. Outcomes

In the United States, there has been a substantial increase in the number of pancreaticoduo‐
denectomies performed. The average age of patients undergoing surgical intervention has also
increased from 1991 to 2005. Similarly, more patients with a higher index of comorbidities
underwent Whipples during this time. In spite of this, perioperative morbidity remained
unchanged (53%) and 30-day mortality decreased from 6% to 3% in this cohort of patients [1].

The mortality rate in high volume centers performing pancreaticoduodenectomies is 2-4%
[99].  However,  perioperative morbidity remains substantially high (15% to 50%) even at
high  volume  centers  [100].  In  patients  undergoing  resection  for  cure  and  treated  with
neoadjuvant chemoradiation, the 5-year survival is still disappointingly low (10% to 20%)
[101-106]. In a study using the Surveillance, Epidemiology, and End Results-Medicare data
inclusive of  2,461 patients  investigating outcomes and use of  adjuvant  therapy between
1991 and 2005 in the USA, the median survival of patients treated for cure was 14 months,
the  1-,  3-,  and  5-  year  survival  was  53.2%,  19.7%,  and  12.6%,  respectively.  This  study,
demonstrated that  the use of  adjuvant  chemoradiotherapy led to  a  2  month increase in
overall survival [1]. A study from Johns Hopkins examining temporal variation in morbid‐
ity  and  mortality  following  pancreaticoduodenectomy  found  a  magnificent  decrease  in
mortality  to  4%  (1981-1986)  from  24%  (1969-1980)  with  an  accompanying  decrease  in
morbidity from 59% to 36% during the same periods. The 5-year survival in patients with
pancreatic cancer was 18% [107]. Thus, while the number of patients undergoing pancrea‐
ticoduodenectomy  has  increased  with  a  variable  decrease  in  complications,  the  overall
mortality has not improved in most high volume centers [108].
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13. Morbidity

Postoperative complications occur in 25-50% of patients following this operation. Delayed
gastric emptying, even with standard definitions by the International Study Group of Pancre‐
atic Surgery, occurs in a wide range of 14% to 45% and constitutes the most common compli‐
cation following pancreaticoduodenectomy [109-111]. Erythromycin or metoclopramide may
reduce the incidence of gastric emptying by only 37% [112]. Thus, a jejunostomy tube for
prolonged postoperative feeding as well as a gastrostomy tube for postoperative decompres‐
sion should be routinely employed during pancreaticoduodenectomy.

Pancreatic fistula (defined as the output of more than 50 cc of amylase-rich fluid) accompanies
5%-30% of cases [113-117] and is directly responsible for up to 20% of postoperative deaths
[115;117], which constitutes the most serious complication of pancreaticoduodenectomy.
Pancreatic fistula indicates disruption of the pancreatic-enteric anastomosis and occurs at the
same rate regardless of anastomosis (i.e. pancreaticogastrostomy vs. pancreaticojejunostomy),
modified drainage strategies, or somatostatin administration [118].

Disruption of biliary and gastric anastomoses are rare and less serious. Patients with pancreatic
fistula may be completely asymptomatic if it is a controlled fistula and the output is well
captured by the drain. These patients do well with a clear liquid diet, enteral nutrition through
a jejunostomy tube, or parenteral nutrition. A CT scan should be performed to exclude
abdominal fluid collections. The benefits of somatostatin in this setting are unclear. Diet may
be progressively advanced as output decreases. Eighty percent of patients can be managed
conservatively. An additional 10%-15% of patients with this complication respond well to
percutaneous drainage.

Patients with sepsis or hemorrhage related to pancreaticoenteric anastomotic disruption
necessitate immediate and aggressive intervention. Septic patients who do not respond to
aggressive medical management within 48 hours should be explored. Hemorrhage associated
with pancreatic fistulas can be managed with angiographic embolization. Patients who require
operative exploration and have diffuse retroperitoneal hemorrhage and necrosis require
completion pancreatectomy. The rare cases of hemobilia and hemopancreaticus are best
diagnosed and treated angiographically.

Endocrine pancreatic function is rarely impaired and diabetes is unusual following pancrea‐
ticoduodenectomy. Exocrine pancreatic function, on the other hand, is affected to various
degrees and in severe cases may require lifelong exogenous enzyme supplementation.

14. Neoadjuvant therapy

There are no randomized controlled trials that compare neoadjuvant to adjuvant therapy for
patients with resectable disease. Potential benefits of neoadjuvant therapy include identifying
those patients with occult metastatic disease thereby selecting patients who would probably
not benefit from surgery. Another potential benefit is avoiding delay in chemotherapy for those
patients who have postoperative complications or prolonged recovery. Conversely, the
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response rates to neoadjuvant therapy are low (9-12%) which may allow for disease progres‐
sion with the delay of surgery [119;120]. Since there is stronger data supporting adjuvant
therapy, most centers prefer this approach over neoadjuvant therapy for patients with
resectable disease.

Patients with borderline resectable cancer or locally advanced disease can be treated with
neoadjuvant therapy with the goal of down-staging allowing for possible resection. Currently,
there is no defined optimal neoadjuvant therapy for this population of patients supported by
randomized controlled trials. The National Comprehensive Cancer Network recommends that
patients with borderline resectable disease undergo a laparotomy followed by resection if
possible or upfront neoadjuvant therapy. Available options for neoadjuvant therapy include
FOLFIRINOX, gemcitabine, gemcitabine-based combination therapy, capecitabine or contin‐
uous infusion 5-FU [40]. It is suggested that chemoradiation should be reserved for patients
who do not develop metastatic disease while receiving chemotherapy [40]. A meta-analysis
showed that 31.6% of patients with initially borderline/unresectable tumors treated with
neoadjuvant therapy were able to undergo resections. These patients had a median survival
of 22 months which appears comparable to those patients with initially resectable disease [120].

15. Adjuvant therapy

Only about 15-20% of cases of pancreatic cancer are considered resectable. Even after resection
the prognosis is poor with 5-year survival rates approximating 20% [121]. Systemic chemo‐
therapy and radiation have been used adjuvantly to improve the survival rates. However the
optimal choice of adjuvant therapy remains quite controversial. There have been several phase
III studies evaluating therapy in the adjuvant setting; these are summarized in Table 2. The
GITSG Trial compared concurrent 5-FU based chemoradiation with observation alone after
resection. This study was closed early due to slow accrual and only had 49 patients enrolled
at the time of analysis. The GITSG Trial showed an improved survival benefit (median survival
20 months vs. 11 months, p=0.03) favoring the concurrent chemoradiation group [122]. The
GITSG study was followed up by the EORTC study which was similar in design, comparing
5-FU based concurrent chemoradiation to observation. The EORTC study demonstrated no
survival advantage with adjuvant therapy. The 2-year survival was 26% vs. 34% for the
observation and treatment arms respectively; this difference was not statistically significant
[123]. The ESPAC-1 Trial had a 2 x 2 factorial design in which they compared concurrent
chemoradiation, chemotherapy, chemoradiation followed by chemotherapy or observation.
This study was only powered to compare the chemotherapy vs. no chemotherapy group and
the chemoradiotherapy vs. no chemoradiotherapy group. The results showed a statistically
significant improved median survival for those patients who received chemotherapy (20.1
months) compared to those patients who did not receive chemotherapy (15.5 months).
Interestingly this study demonstrated a worse median survival for patients receiving chemo‐
radiotherapy (15.9 months) compared to those patients that did not receive chemoradiother‐
apy (17.9 months) [124]. Three trials were done evaluating the efficacy of gemcitabine. The
CONKO-001 trial compared adjuvant gemcitabine to observation. The trial showed a statisti‐
cally significant improvement in median disease free survival of 13.4 months (gemcitabine
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arm) compared to 6.9 months (observation arm). There was no difference in overall survival,
but this was attributed to the fact that most patients in the observation arm received gemcita‐
bine on relapse [104]. Two trials compared 5-FU with gemcitabine. In the RTOG 9704 study
all patients received concurrent 5-FU based chemoradiation with either 5-FU or gemcitabine
given before and after. The ESPAC-3 trial compared adjuvant 5-FU to gemcitabine without the
use of radiation. Both of these studies showed no survival advantage for one arm over the
other. However in the RTOG 9704 study those patients stratified to the gemcitabine arm did
have a greater proportion of T3 or T4 disease which may account for no improvement in
survival. The ESPAC-3 trial did demonstrate that gemcitabine was associated with fewer
adverse events [104;124]. The treatment practice for these patients can be quite variable. Some
advocate for adjuvant chemotherapy alone without radiotherapy based on the EORTC and
ESPAC-1 trials. Others continue to advocate for radiotherapy given the high risk of local failure
and the benefit seen in the GITSG study. The dose of radiation given in these studies would
be considered suboptimal by today’s standards which the supporters of radiotherapy argue
explains why the benefit was not seen in the EORTC and ESPAC-1 studies.

Trial Intervention Results Conclusions

GITSG
Concurrent CRT (5-FU) -
>maintenance 5-FU
Observation

Median Survival
20 mos vs. 11 mos
P=0.03

-Survival benefit of CRT
followed by maintenance chemo

EORTC
Concurrent CRT (5-FU, 40Gy)
Observation

2-yr Survival
34% vs. 26%
P=0.099

-No statistically survival benefit
observed

ESPAC-1

Observation
Chemotherapy (5-FU/L)
CRT (5-FU/L)
CRT -> Chemo (5-FU/L)

5-yr Survival
10% (CRT) vs. 20% (no CRT)
P=0.05
21% (chemo) vs. 8%(no chemo)
P=0.009

-Adjuvant chemo has a survival
benefit
-CRT with a deleterious effect
on survival

RTOG 9704
5-FU pre and post CRT
Gemcitabine pre and post CRT

Median Survival
17.1 mos vs. 20.5 mos
P=0.08

-No improvement of
Gemcitabine over 5-FU

CONKO-001
Gemcitabine
Observation

Median DFS
13.4 mos vs. 6.9 mos
P<0.001
Median Survival
22.8 mos vs. 20.2 mos.
P=0.005 (update from 2008)

-Gemcitabine improved DFS.
-Updated survival data shows a
benefit with Gemcitabine

ESPAC-3
5-FU
Gemcitabine

Median Survival
23 mos vs. 23.6 mos
P=0.39
Serious Adverse Events
14% vs. 7.5%
P<0.001

-No difference in survival
-Gemcitabine associated with
less toxicity

Table 2. Phase III Adjuvant Therapy Trials
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16. Metastatic disease

Systemic therapy for metastatic pancreatic cancer is aimed at minimizing disease-related
symptoms and prolonging survival. For several years the standard of care was 5-fluorouracil
(5-FU)-based combinations with an observed survival benefit over best supportive care. The
median survival with 5-FU-based combinations on average approximates 6 months versus 3
to 4 months with best supportive care [125]. In 1996, gemcitabine was approved for treatment
of metastatic pancreatic cancer after a phase III trial demonstrated a clinical benefit response
of 23.8% for those in the gemcitabine group compared to only 4.8% in the 5-FU group
(P=0.0022). Secondary endpoints evaluated in the trial included survival rate, which at 12
months was 18% for the gemcitabine arm and 2% for the 5-FU arm [126]. Several gemcitabine-
based combinations have been investigated with the goal of further improving its therapeutic
efficacy. Sun et al. performed a meta-analysis investigating gemcitabine-based combinations
compared with gemcitabine monotherapy. The meta-analysis found that combination therapy
provided a modest 1-year overall survival with a RR of 0.90 (P=0.04). However, this benefit
with combination therapy was associated with more grade 3-4 toxicities including vomiting,
diarrhea, neutropenia, anemia and thrombocytopenia. Based on subgroup analyses patients
with a good performance status appeared to derive the most survival benefit from combination
therapy [127]. The combination of gemcitabine and erlotinib was compared to gemcitabine
alone in a phase III trial where a very modest improvement in median survival was observed
(6.24 months vs. 5.91 months). In this study, 53% of samples were classified as EGFR positive.
Interestingly EGFR status did not have any association with response or disease stability [128].
In 2011, Conroy et al. reported results of a randomized controlled trial of FOLFIRINOX
compared to gemcitabine. The combination chemotherapy regimen improved the objective
response rate from 9.4% in the gemcitabine group to 31.6% in the FOLIRINOX group (P<0.001).
Median survival was also improved to 11.1 months in the FOLFIRNOX arm compared to 6.8
months in the gemcitabine arm (P<0.001). The combination chemotherapy, as seen with prior
combination regimens, was associated with more adverse events [129]. Recently, the combi‐
nation of nab-paclitaxel and gemcitabine was approved for first-line therapy in metastatic
adenocarcinoma of the pancreas. Objective response rates were 23% and 7% in the nab-
paclitaxel plus gemcitabine arm and single agent gemcitabine arms, respectively (P<0.0001).
Progression free survival was also improved with a median PFS of 5.5 months in the combi‐
nation arms compared with 3.7 months in the single agent arm (P<0.0001). There was also an
observed median survival benefit of 8.5 months for the nab-paclitaxel plus gemcitabine arm
while the single agent gemcitabine arm only had a median survival of 6.7 months (P<0.0001)
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operatively and nonoperatively and this decision should be individualized depending on
the  overall  status  of  the  patient.  Whether  palliation  is  accomplished  operatively  or
nonoperatively, relief of obstructive jaundice, duodenal obstruction, and back pain are the
primary goals. About 65% to 75% of patients with pancreatic cancer will develop symp‐
toms of obstructive jaundice [131]. In patients with obstructive jaundice endoscopic biliary
stenting and surgical  biliary bypass are palliative options.  Endoscopic biliary stenting is
associated  with  lower  complication  rates  and  shorter  hospital  stays  while  maintaining
similar efficacy and overall survival compared with surgical bypass [132]. In the event that
endoscopic  management  is  not  successful,  external  biliary  drainage  can  be  attempted.
Duodenal  obstruction develops  in  about  15% to  20% of  patients  with  pancreatic  cancer
[133].  Traditionally duodenal obstruction had been palliated with gastrojejunostomy, but

Study Intervention Results

Burris et al. 1997
Phase III

Gemcitabine
5-FU

Clinical Benefit Response
23.8% vs. 4.8%
P=0.0022
Median Survival
5.65 mos vs. 4.41 mos
P=0.0025

Moore et al. 2007
Phase III

Gemcitabine + Erlotinib
Gemcitabine + Placebo

Median Survival
6.24 mos vs. 5.91 mos
P=0.038

Sun et al. 2012
Meta-analysis

Gemcitabine monotherapy
Gemcitabine combination therapy

Objective Response Rate
RR, 0.72; 95% CI: 0.63-0.83
P<0.001
1-yr Overall Survival
RR, 0.90; 95% CI: 0.82-0.99
P=0.04

Conroy et al. 2011
Phase III

FOLFIRINOX
Gemcitabine

Median Survival
11.1 mos vs. 6.8 mos
P<0.001
Median PFS
6.4 mos vs. 3.3 mos
P<0.001

Von Hoff et al. 2013
Phase III

Nab-Paclitaxel + Gemcitabine
Gemcitabine

Median Survival
8.5 mos vs. 6.7 mos
P<0.0001
PFS
5.5 mos vs. 3.7 mos
P<0.0001

Table 3. Selected studies for palliative chemotherapy in the metastatic setting
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with  data  showing  similar  efficacy  with  enteral  stents,  improved  cost-effectiveness  and
shorter hospitalizations this option has become a viable alternative [134].

Most patients with pancreatic cancer, at some point in their disease course, will experience
severe cancer-related pain. This pain can be a severely debilitating symptom leading to poor
quality of life and decreasing performance status. In addition to systemic analgesics, regional
celiac plexus nerve block is effective at alleviating pain [135]. In general, endoscopic palliative
measures are preferred for those patients with known unresectable disease or those with a
poor performance status. For patients who are discovered to have unresectable or metastatic
disease on open exploration and expected to have a life expectancy of at least 3 to 6 months
operative palliative measures (choledochojejunostomy, gastrojejunostomy and intraoperative
chemical splanchnicectomy) can be considered for symptoms of obstruction and pain [136].

18. Conclusions

Multiple diagnostic and therapeutic modalities in the evaluation and treatment of pancreatic
cancer have not resulted in a meaningful survival advantage in patients with pancreatic cancer.
This dismal performance is primarily related to the inherent aggressive tumor biology of
pancreatic adenocarcinoma. Early diagnosis and curative resection, when possible, holds
promise for better survival but surgery in itself carries a definite morbidity and mortality, even
in specialized centers. Hence, pancreatic adenocarcinoma should be managed at high volume
centers in a multi-disciplinary setting and in light of proposed guidelines, until better treatment
options are available in the future.
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1. Introduction

Rectal cancer continues to affect many patients in the United States and world-wide. For
instance, in 2012, rectal cancer affected 40,290 Americans [1]. Patients affected with rectal
cancer who have a clinical stage II (T3-T4, NO, MO) or III (Any T, N1-N3, M0) tumor are treated
with pre-operative chemoradiation (CRT) followed by surgical intervention [total mesorectal
excision (TME)]. In up to 40% of patients treated with CRT, the tumor becomes clinically
undetectable (cCR) [2]. Clearly, this is a desirable outcome in oncology. Adding novel
radiosanitizing agents, prolonging the period from CRT to TME, increasing the radiation dose,
adding chemotherapy before CRT are few modalities that have been investigated to increase
the number of patients achieving a complete response. The following chapter reviews current
strategies in recent attempts at maximizing the ratio of patients who achieve a cCR. Current
margins are resection following TME in the era of CRT are also reviewed.

2. Recent status of pre-operative biomarkers to determine a response to
neoadjuvant chemoradiation

Neoadjuvant chemoradiation for the management of patients with stage II and III rectal cancer
results in a clinical complete response (cCR), the absence of detectable rectal tumor with
diagnostic modalities [i.e. endorectal ultrasound (EUS), magnetic resonance imaging (MRI),
digital rectal exam (DRE), or proctoscopy], in 10-40% of patients [2].
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The fundamental pre-clinical and clinical question is to determine whether there are markers
that can detect tumors that will respond well to neoadjuvant treatment such that these patients
could be potential candidates for observation without operative intervention. Conversely, if a
patient is not likely to respond to neoadjuvant chemoradiation, they should submit to surgical
intervention sooner. Therefore, a myriad of pathways and molecules ranging from DNA-repair
molecules to molecules that mediate cell cycle dynamics to apoptotic mediators as well as
hypoxic mechanisms have been investigated with a wide range of results, which are summar‐
ized by Ramzan et al [3]. Currently, there is no unifying pathway that can reliably predict
responses to chemoradiation in patients with rectal cancer.

2.1. DNA repair molecules

One of three pathways is responsible for the repair of DNA double-strand breaks (DSB)
induced by ionizing radiation: homologous recombination (HR), non-homologous end-joining
(NHEJ) pathway, or an alternate NHEJ pathway [3]. Of these, the non-homologous end-joining
(NHEJ) pathway is fundamental for DSB repair. The catalytic subunit of DNA-dependent
protein kinase (DNA-PKcs) is an integral part of the NHEJ pathway. This mechanism can be
broadly classified into three steps: (1) Ku 70/80 heterodimer identifies DSB and stick to DNA
broken ends, facilitates the activation and recruitment of DNA-PKcs; (2) enzymatic processing
of the DNA ends; and (3) ligation by DNA ligase IV. Ku 70/80 proteins play a fundamental
role as they recruit DNA-PKcs which then set the cascade of DNA repair. Recent data dem‐
onstrate that DNA-PKcs and Ku proteins may have a central role in radiation induced cell
death and might predict the response to radiation. However this is an area that is still under
investigation.

2.2. Apoptosis

In the central mediators of apoptosis pathway in response to ionizing radiation, the initial
response begins with an up-regulation of p53 (Figure 1). p53 then directly activates the cyclin
dependent kinase inhibitors (such as p21). Cell cycle progression stops until the cell repairs
the damage induced by ionizing radiation. If the cell is unable to repair itself, it undergoes
apoptosis. The anti-apoptotic Bcl-2 inhibits p53, while p53 inhibits the inhibitor of apoptosis
(survivin). All of these molecules have been investigated to determine if their up-regulation
or down-regulation could predict a response to ionizing radiation. Mutations and manner of
detection have to be considered in these studies. Additionally, contrary to expectations, p21
or Bax deficient cells lead to a more radiosensitive rather than a more radioresistant phenotype
[4]. Thus, analyses of these molecules in predicting a response to ionizing radiation have been
largely unyielding [5].

A recent systematic review analyzing the role of p53 as a predictor of a response to ionizing
radiation included 30 studies of which 25 used p53 protein status, 7 used gene analysis
detection and two used both. The results revealed that patients that demonstrated a p53 wild-
type (and/or low expression) had a good response risk of 1.3 [CI=1.14 to 1.49], complete
response RR was 1.65 [CI=1.19 to 2.30] and poor response RR 0.85 [CI = 0.75 to 0.96] [6].
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Figure 1. Central mediators of apoptosis. Ionizing radiation (IR) leads to an increase of p53, which in turn activates p21
and causes cell cycle arrest. P53 also activates Bax, which results in apoptosis

2.3. Gene modifications and polymorphisms

It is possible that with standardized techniques, we might be able to utilize other molecules in
the apoptotic pathway alone or in combination to better predict neoadjuvant chemotherapeutic
responses in patient affected with rectal cancer. Another area that is gaining momentum is that
of epigenetic changes. For instance methylation of the retinoic acid receptor gene (RARB) and
the checkpoint with forkhead and ring finger gene (CHFR) discriminated between TI-2 vs. T2-3
un-irradiated tumors. RARB methylation was also associated with nodal metastasis and
lymphovascular invasion (LVI). Methylation of other genes have also predicted nodal
metastasis [7]. Thus, methylation can predict aggressiveness and in combination with the
mutation status of other molecules, a predictive panel of a response to ionizing radiation can
then be constructed. In a separate study, DNA analysis of biopsies of patients prior to radiation
demonstrated a gene mutation and two gene polymorphisims to be associated with resistance
to radiation as measured by pCR [8].

3. Novel strategies in neoadjuvant therapy for locally advanced rectal
cancer

The trimodal approach of neoadjuvant chemoradiotherapy and surgery is generally associated
with high rates of local-regional control for patients with locally advanced rectal cancer [9].
However, there is room for improvement in the oncologic outcomes of the most locally
advanced tumors, and also great interest in increasing the rate of complete pathologic
responses to chemoradiotherapy, which may allow for increased utilization of non-operative
management.

A variety of chemotherapy and targeted agents have been studied as part of novel neoadjuvant
regimens in an attempt to improve on results obtained with fluoropyrimidine-based chemo‐
radiation. Although early-phase studies have shown modest improvements in tumor respons‐
es; this has often been at the expense of increased toxicity.
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3.1. Oxaliplatin

There has been much interest in particular in the use of oxaliplatin concurrent with radiation.
The ACCORD 12/0405 PRODIGE 1 study randomized patients with locally advanced rectal
cancer to preoperative treatment with radiation (45 Gy in 25 fractions) plus capecitabine or
radiation (50 Gy in 25 fractions) plus capecitabine and oxaliplatin [10;11]. High-grade toxicity
rates were higher in the oxaliplatin-treated patients (25 versus 11%), and there were no
significant differences between the two arms with respect to rates of pCR, local control, and
overall survival. In the STAR-01 trial, over 700 patients with locally advanced rectal cancer
were randomized to neoadjuvant treatment with radiation (50.4 Gy total dose) plus infusional
5-FU with or without weekly oxaliplatin, followed by surgery [12]. The addition of oxaliplatin
increased the rate of high grade toxicity (24% versus 8%) but did not improve the pathologic
complete response rate (equal in the two arms at 16%). In the PETACC-6 trial, 1094 patients
with locally advanced rectal cancer were randomized to preoperative radiation plus capeci‐
tabine followed by surgery and adjuvant chemotherapy versus the same regimen with
oxaliplatin delivered during the chemoradiation course as well as the adjuvant course [13].
The use of oxaliplatin again increased toxicity rates, with no disease-free survival benefit.

The NSABP R-04 trial is a four-arm study that compared infusional 5-FU and capecitabine,
with and without the use of oxaliplatin, during neoadjuvant chemoradiotherapy for rectal
cancer [14]. Capecitabine in place of 5-FU yielded a different toxicity profile with similar rates
of pCR, local-regional control, and overall survival. Patients treated with oxaliplatin had
higher rates of high-grade toxicity without significant improvements in local-regional control
or overall survival. Finally, in the CAO/ARO/AIO-04 trial, patients with locally advanced rectal
cancer were randomized to treatment with radiation with concurrent 5-FU, surgery, and
adjuvant bolus 5-FU versus radiation plus 5-FU, oxaliplatin, surgery, and adjuvant mFOL‐
FOX6 [15]. There were no substantial differences in rates of pathologic complete response or
margin-negative surgery. However, 3-year disease-free survival was higher in the oxaliplatin
group (75.9% versus 71.2%). The independent contribution of the oxaliplatin delivered in the
neoadjuvant setting is unclear.

3.2. Targeted therapies

Incorporation of novel targeted drug agents into trimodality regimens is also an area of
dynamic clinical investigation. Bevacizumab is an anti-VEGF antibody. Willett et al. reported
on 32 patients who underwent one cycle of bevacizumab followed by radiation, infusional 5-
FU, further bevacizumab and subsequent surgery [16]. Local control was 100% at 5 years;
disease-free survival was 75% at 5 years. Landry et al. reported on the phase 2 ECOG 3204
study, which combined capecitabine, oxaliplatin, and bevacizumab for patients with operable
T3 and T4 rectal cancer [17]. Of the 49 patients who proceeded to surgery, 17% had a pathologic
complete response. Surgical complications were common and may have been related to the
addition of bevacizumab. Bevacizumab has also been associated with delayed wound healing
in other studies [18;19].

Work is also underway evaluating combinations of the anti-EGFR agents panitumumab and
cetuximab with chemoradiation. When combining such agents with conventional chemother‐

Updates on Cancer Treatment262



3.1. Oxaliplatin

There has been much interest in particular in the use of oxaliplatin concurrent with radiation.
The ACCORD 12/0405 PRODIGE 1 study randomized patients with locally advanced rectal
cancer to preoperative treatment with radiation (45 Gy in 25 fractions) plus capecitabine or
radiation (50 Gy in 25 fractions) plus capecitabine and oxaliplatin [10;11]. High-grade toxicity
rates were higher in the oxaliplatin-treated patients (25 versus 11%), and there were no
significant differences between the two arms with respect to rates of pCR, local control, and
overall survival. In the STAR-01 trial, over 700 patients with locally advanced rectal cancer
were randomized to neoadjuvant treatment with radiation (50.4 Gy total dose) plus infusional
5-FU with or without weekly oxaliplatin, followed by surgery [12]. The addition of oxaliplatin
increased the rate of high grade toxicity (24% versus 8%) but did not improve the pathologic
complete response rate (equal in the two arms at 16%). In the PETACC-6 trial, 1094 patients
with locally advanced rectal cancer were randomized to preoperative radiation plus capeci‐
tabine followed by surgery and adjuvant chemotherapy versus the same regimen with
oxaliplatin delivered during the chemoradiation course as well as the adjuvant course [13].
The use of oxaliplatin again increased toxicity rates, with no disease-free survival benefit.

The NSABP R-04 trial is a four-arm study that compared infusional 5-FU and capecitabine,
with and without the use of oxaliplatin, during neoadjuvant chemoradiotherapy for rectal
cancer [14]. Capecitabine in place of 5-FU yielded a different toxicity profile with similar rates
of pCR, local-regional control, and overall survival. Patients treated with oxaliplatin had
higher rates of high-grade toxicity without significant improvements in local-regional control
or overall survival. Finally, in the CAO/ARO/AIO-04 trial, patients with locally advanced rectal
cancer were randomized to treatment with radiation with concurrent 5-FU, surgery, and
adjuvant bolus 5-FU versus radiation plus 5-FU, oxaliplatin, surgery, and adjuvant mFOL‐
FOX6 [15]. There were no substantial differences in rates of pathologic complete response or
margin-negative surgery. However, 3-year disease-free survival was higher in the oxaliplatin
group (75.9% versus 71.2%). The independent contribution of the oxaliplatin delivered in the
neoadjuvant setting is unclear.

3.2. Targeted therapies

Incorporation of novel targeted drug agents into trimodality regimens is also an area of
dynamic clinical investigation. Bevacizumab is an anti-VEGF antibody. Willett et al. reported
on 32 patients who underwent one cycle of bevacizumab followed by radiation, infusional 5-
FU, further bevacizumab and subsequent surgery [16]. Local control was 100% at 5 years;
disease-free survival was 75% at 5 years. Landry et al. reported on the phase 2 ECOG 3204
study, which combined capecitabine, oxaliplatin, and bevacizumab for patients with operable
T3 and T4 rectal cancer [17]. Of the 49 patients who proceeded to surgery, 17% had a pathologic
complete response. Surgical complications were common and may have been related to the
addition of bevacizumab. Bevacizumab has also been associated with delayed wound healing
in other studies [18;19].

Work is also underway evaluating combinations of the anti-EGFR agents panitumumab and
cetuximab with chemoradiation. When combining such agents with conventional chemother‐

Updates on Cancer Treatment262

apy and radiation therapy, appropriate sequencing of these treatments may be of critical
importance to optimize oncologic efficacy [17;20].

3.3. Novel scheduling modalities

A more recent area of clinical study has been to incorporate systemic therapy prior to chemo‐
radiation or to eliminate radiation as a component of neoadjuvant therapy for selected patients
with locally advanced disease (Figure 2). Chua et al. reported, on a phase 2 study, incorporating
induction chemotherapy prior to neoadjuvant chemoradiotherapy [21]. Patients had locally
advanced rectal cancers that were considered high-risk by MRI criteria (including tumors with
threatened mesorectal resection margin, extensive mesorectal fat involvement, and T4 and/or
N2 tumors). Patients were treated with 12 weeks of capecitabine and oxaliplatin. This was
followed by radiation (total dose of 54 Gy) and concurrent capecitabine for six weeks and
finally total mesorectal excision (Figure 2 B). One hundred and five patients were enrolled.
Twenty percent of the patients had a pathological complete response, and 3-year progression-
free and overall survival were 68% and 83% respectively. In a similar approach, a recent
randomized phase II trial incorporating induction capecitabine and oxaliplatin showed no
difference in histopathologic downstaging compared to patients treated with chemoradiation
alone [22]. The authors of these studies suggest that more data is needed before approaching
induction chemotherapy as a standard of care for high risk patients.

Schrag et al. recently reported on 32 patients with stage II or III rectal cancer treated with 6
cycles of FOLFOX, with bevacizumab delivered during cycles 1-4, without planned radiation
therapy (Figure 2 C) [23]. Thirty of the 32 patients proceeded to surgery without undergoing
preoperative irradiation. Of the 32 patients, 25% had a pathologic complete response. The 4-
year local recurrence rate was 0% and the 4-year disease-free survival rate was 84%. This
strategy of neoadjuvant chemotherapy without planned use of radiation therapy (without use
of bevacizumab) is under further study in the randomized N1048 study. However, these
studies are in the initial stages of assessment at this time.

A. Conventional tri-modality treatment for rectal cancer

Chemoradiation TME

B. Induction chemotherapy first

Chemotherapy Chemoradiation TME

C. Chemotherapy (no radiation)

Chemotherapy TME

Figure 2. Novel strategies in neoadjuvant therapy for locally advanced rectal cancer.  Conventional treatment (A).  
Induction chemotherapy followed by chemoradiation (B).  Elimination of radiation (C).  

Figure 2. Novel strategies in neoadjuvat therapy for local advanced rectal cancer. Conventional treatment (A). Induc‐
tion chemotherapy followed by chemoradiation (B). Elimination of radiation (C).
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4. What is the appropriate length of the “waiting period” between
completion of neoadjuvant chemoradiation and surgery?

Initially, the waiting period following CRT was based on sufficient time to allow the acute
radiation reaction to subside. Thus, an interval between 3-5 weeks was selected based on
empirical experience. Favorable outcomes in patients who achieve a pCR and the desire to
obtain a cCR have led to an increase of the radiation dose to the tumor center, increased
intervals between CRT and TME, addition of chemotherapy during the waiting time, or
starting with induction chemotherapy [24].

Allowing for a “waiting period” without active treatment of many weeks between the
completion of neoadjuvant long-course therapy and surgery is common in the management
of rectal cancer. Delaying surgery may allow for continued volume reduction of the treated
tumor, potentially increasing the ultimate likelihood of a sphincter-preserving surgery for low-
lying tumors and facilitating ease of the operation. However, too long of a delay in proceeding
to surgery, especially in patients with poor response to neoadjuvant treatment, may allow for
growth of the primary tumor with an increased risk of margin-positive surgery and increased
risk of distant dissemination of cancer [25]. Further, there is a perception that waiting too long
after the end of CRT (> 12 weeks) might lead to radiation fibrosis, making surgical intervention
more difficult. However, this has not been substantiated in the literature [24].

The Lyon R90-01 trial randomized patients with T2-3 (N-any) rectal carcinoma to treatment
with preoperative radiation (39 Gy in 13 fractions, without concurrent chemotherapy) followed
by either a “short interval” to surgery (surgery performed within 2 weeks of completion of
radiation) or a “long interval” to surgery (surgery performed within 6-8 weeks of completion
of radiation) [26]. Tumors had to be low enough in the rectum to be palpable on digital
examination. The primary endpoint of the study was the rate of sphincter-preserving surgery.
The decision regarding the type of surgery was made by the surgeon at the time of the
operation. Of the enrolled patients, 201 were assessable. Patients in the long-interval group
had improved clinical and pathologic responses compared to the short-interval group.
Twenty-six percent of the patients in the long-interval group had either a complete or near-
complete pathologic response compared to 10.3% in the short-interval group, likely a reflection
of the increased amount of time for lethally injured tumor cells to manifest their injury as death.
Ultimately, however, 75.5% of the patients in the long-interval group as opposed to 67.7% in
the short-interval group underwent a sphincter-preserving operation, a difference that was
not statistically significant. There were no differences in the post-operative toxicity and
mortality rates between the two groups. There were also no differences in overall survival or
local control rates to a median follow-up of 33 months.

Integrating systemic therapy during the waiting period may have potential benefits for
patients with rectal cancer, including improved downstaging of the primary tumor as well as
potentially more effective treatment (relative to delayed postoperative treatment) of distant
micrometastatic disease, a major cause of the poor disease-free survival rates seen in patients
with locally advanced rectal cancer. Garcia-Aguilar and colleagues performed a phased II non-
randomized trial investigating the use of chemotherapy with modified FOLFOX-6 delivered
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during the waiting period following standard long-course chemoradiotherapy, with succes‐
sively more administrations of chemotherapy (and thus longer overall waiting periods) [27].
In a preliminary analysis of patients treated with two cycles of mFOLFOX-6 during the waiting
period, with a mean time of 11 weeks from completion of neoadjuvant therapy to surgery, the
pathologic complete response was 25%. In a comparison group of patients treated with
neoadjuvant chemoradiation and no intervening systemic therapy, with a mean time to
surgery of 6 weeks, the pCR was 18%. There was no substantial difference between the two
arms with respect to postoperative complication rates.

In the large Dutch Surgical Colorectal Audit study including 1593 patients, patients were
divided into three groups in terms of interval from the start of CRT to TME: < 13, 13-14, and
15-16 weeks. The largest pCR (18%) was observed in patients in the 15-16 week group (median
time at the end of CRT = 9-10 weeks) [28].

A meta-analysis was conducted that compared two groups of patients: (1) less or equal to the
conventional 6-8 week period from CRT to surgery and (2) longer than 6-8 weeks. pCR was
the primary end point and was increased from 13.7 to 19.5% in the more than 8 week group
[29]. This study included 13 trials inclusive of 3584 patients. Secondary end points (OS, DFS,
R0 resection rates, sphincter preservation, and complication rates) were similar in both groups
[29]. However, in patients who had a short interval (< 1 week), the rate of perineal wound
complication and anastomotic leak was higher [29].

The question of appropriate waiting time periods has also emerged in the context of short
course radiation therapy (5 Gy X 5 fractions without concurrent chemotherapy). In the original
clinical trials of short-course neoadjuvant therapy, surgery was mandated to be performed
within one week of completion of radiation [30]. This regimen has been associated with lower
pCR rates relative to long-course neoadjuvant treatment, possibly as a result of the decreased
interval between radiation and surgery. In the more recent Stockholm III trial, patients were
randomized to one of three arms: short-course radiation followed by surgery within 1 week,
short-course radiation followed by surgery at 4-8 weeks, or long-course radiation (2 Gy X 25
fractions, without concurrent chemotherapy) followed by surgery at 4-8 weeks [31]. Interest‐
ingly, pCR rates were highest in the short-course radiation group with the extended interval
to surgery (12.5%, versus 0.8% in the short interval group and 5% in the long-course radiation
group). Patients treated with short-course radiation and delayed surgery had postoperative
complication rates that were similar to the two other groups. In an analysis of actual time to
surgery, patients treated with short-course radiation followed by surgery at an interval of 11-17
days had the highest rates of postoperative complications.

Many questions remain regarding the appropriate duration of the waiting period in patients
undergoing neoadjuvant therapy. Most of the data regarding CRT-TME gap emanate from
retrospective studies. Thus, the recommendations of the length of time are largely observa‐
tional and empirically-driven. However, cCR and pCR has been observed in three randomized
controlled trials when the gap is about 8-12 weeks [26;31;32]. Surgery within 3-4 weeks in the
long CRT modality should not be performed secondary to radiation reaction. There is currently
limited experience in waiting over 12 weeks.
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Integration of systemic therapy both during this time period as well as during the induction
phase (prior to chemoradiation) remain active areas of clinical interest. In addition, determin‐
ing which patients are made candidates for sphincter-preserving surgery also remains an
imprecise practice. Improvements in imaging technologies and possible use of pre-treatment
biomarkers may improve on patient selection for low anterior resection.

5. Current status of the role of non-operative management in rectal cancer
for patients with a complete clinical response

Neoadjuvant chemoradiation for the management of patients with stage II and III rectal cancer
results in a clinical complete response (cCR), which is defined as the absence of detectable
rectal tumor with diagnostic modalities [i.e. endorectal ultrasound (EUS), magnetic resonance
imaging (MRI), digital rectal exam (DRE), or proctoscopy] in 10-40% of patients [33]. Can these
patients be followed non-operatively?

There have been three sentinel papers that have addressed this issue: one in 2004 published
by Habr-Gama’s group [34], the second was a reproduction of these results by a Dutch group
in 2011 [35], which was followed by a systematic review by Glynne-Jones in 2012 [2]. An
editorial summarizes the main aspects of these seminal events [36].

The first manuscript to document a possible approach in observing patients that achieve a cCR
was published by Harb-Gama’s group in 2004. In this study, 71 patients who had a cCR were
compared to 22 patients that had an initial incomplete response, but after surgery, they were
found to have no microscopic evidence of tumor in the resected specimen (pCR). Patients who
underwent surgery had a 5-year overall survival of 88% compared to the cCR group, which
was 100%. Disease free survival was 83% in the surgery group and 92% in the cCR group [34].

Mass et al. documented similar observations in 2011 [34]. This study compared 21 patients
who had a cCR and compared them to 20 patients from another observational study that had
documented pCR. Only one patient developed a recurrence at a 2-year follow up and they
were all alive at this point in time. Comparatively, the 2-year disease free survival for patients
in the surgery group was 93% with an overall survival of 91%.

A number of small institutional studies have documented similar observations in small cohort
of patients such as in the United States [37] and in the United Kingdom [38] in 2012. A few
other papers that demonstrated similar findings was summarized by a systematic review by
Glynne-Jones in 2012 [2].

In this systematic review, 30 papers were included that met the primary end point of cCR with
secondary end points of local recurrence, overall survival and disease free survival. This
analysis demonstrated that 361 patients (56%) were from a single group (Habr-Gama) and the
rest (n=289) were from eight different groups. cCR ranged from 11% - 39%. Results of secondary
outcomes showed low local recurrence in Habr-Gama studies (~5%), but higher in all other
series 33.8% (range 23%-83%). Habr-Gama reported salvage surgery to be possible in most
cases, whereas only one quarter of patients could be salvaged surgically in all other groups.
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by Habr-Gama’s group [34], the second was a reproduction of these results by a Dutch group
in 2011 [35], which was followed by a systematic review by Glynne-Jones in 2012 [2]. An
editorial summarizes the main aspects of these seminal events [36].

The first manuscript to document a possible approach in observing patients that achieve a cCR
was published by Harb-Gama’s group in 2004. In this study, 71 patients who had a cCR were
compared to 22 patients that had an initial incomplete response, but after surgery, they were
found to have no microscopic evidence of tumor in the resected specimen (pCR). Patients who
underwent surgery had a 5-year overall survival of 88% compared to the cCR group, which
was 100%. Disease free survival was 83% in the surgery group and 92% in the cCR group [34].

Mass et al. documented similar observations in 2011 [34]. This study compared 21 patients
who had a cCR and compared them to 20 patients from another observational study that had
documented pCR. Only one patient developed a recurrence at a 2-year follow up and they
were all alive at this point in time. Comparatively, the 2-year disease free survival for patients
in the surgery group was 93% with an overall survival of 91%.

A number of small institutional studies have documented similar observations in small cohort
of patients such as in the United States [37] and in the United Kingdom [38] in 2012. A few
other papers that demonstrated similar findings was summarized by a systematic review by
Glynne-Jones in 2012 [2].

In this systematic review, 30 papers were included that met the primary end point of cCR with
secondary end points of local recurrence, overall survival and disease free survival. This
analysis demonstrated that 361 patients (56%) were from a single group (Habr-Gama) and the
rest (n=289) were from eight different groups. cCR ranged from 11% - 39%. Results of secondary
outcomes showed low local recurrence in Habr-Gama studies (~5%), but higher in all other
series 33.8% (range 23%-83%). Habr-Gama reported salvage surgery to be possible in most
cases, whereas only one quarter of patients could be salvaged surgically in all other groups.
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Long-term outcomes (DFS, and OS) in other groups were similar to Habr-Gama’s and
suggested that patients who achieve cCR have similar outcomes to patients who undergo
surgery and are found to have pCR.

The authors of the meta-analysis suggested that there is not enough evidence at this time to
support observation in patients who have a cCR [2]. The inability to propose non-operative
management for patients with a cCR primarily emanates from an inability to clearly define
cCR. However, it is likely that a group of patients with a cCR can be observed without surgery;
who those patients are and how we can monitor them closely is a difficult issue in the
management of rectal cancer.

6. Appropriate distal margins of resection in the era of neoadjuvant therapy

Following resection of the rectum, current standard procedure is examination of the distal edge
to ensure that the cells at this distal margin are free of any tumor characteristics. A positive
distal margin is an unequivocal indication for additional treatment as it signifies that the
resection has not been adequate.

This length from the tumor to the distal edge is of even greater importance when consider‐
ing those cancers occurring in the distal or lower portions of the rectum (close to the anal
sphincters).  In  treating  patients  with  lower  rectal  tumors,  a  balance  of  performing  an
oncologically  free  operation  versus  obtaining  proper  anal  sphincter  function  must  be
maintained.  There is  no question that  when it  comes to patient’s  preference,  an LAR is
always preferred to an APR [39-41].

Prior to the era of CRT, substantially large margins of resections were thought to be necessary.
A 5 cm margin was widely used, which emanated from studies showing this to result in
acceptable outcomes compared to those with greater than 5 cm distal margins [4-10]. In an
attempt to perform sphincter preservation operations, this number was rapidly challenged
and reduced to the point in which margins less than 5 cm became acceptable [42-47].

With the current tri-modality management of rectal cancer, a 2 centimeter margin has been
adopted with excellent oncologic outcomes [48-52]. In 2004, Habr-Gama published results of
observing patient who achieved a clinical complete response (cCR) following neoadjuvant
CRT [34]. This concept, in a way, challenged the need to obtain a large margin in patients with
low rectal tumors who have responded well to pre-operative treatment. Studies have emerged
that indicate that even a 1 cm distal margin is oncologically safe [40;48;49;52-58]. This has been
considered oncologically acceptable in the literature. The vast majority of work that has
examined the question of 1 cm margins has indicated that there is no statistically significant
difference in regards to survival or recurrence between groups of patients with margins greater
than 1 cm than those with margins less than or equal to 1 cm [40;48;49;52;54-58] Table 1.

More recently, the 1 cm margin has been challenged to be further reduced. Some surgeons have
suggested that sub-centimeter margins as small as 2 mm or 5 mm margins are also safe [54].
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Paper 
% Patients with 
Neoadjuvant 

Chemoradiotherapy 

Number of local recurrences/ total patients 
by margin (%) P % Survival Years of Follow Up P 

≤ 1 cm > 1 cm   ≤ 1 cm > 1 cm 
Andreola et al (2001) 61 4/31 (12.9) 3/45 (6.6) 0.4407a         
Huh et al (2008) 100 1/18 (6) 0/25 (0) 0.058 71.3 81.3 5 years 0.27 
Kim et al (2009) 71.2 7/167 (4.2) 31/747 (4.1) 0.98         
Kiran et al (2011) 40 7/198 (3.5) 19/586 (3.2) 0.821a 67.4 66.5 5 years 0.77 
Kuvshinoff et al (2001) 100 1/16 (6) 0/12 (0)   53 85 4 years 0.06 
Moore et al (2003) 100 2/17 (12) 7/77 (9) 0.93 82 85 3 years 0.88 
Pricolo et al (2010) 100 0/10 (0) 0/23 (0)           
Rutkowski et al (2008) 100 4/42 (9.5) 17/122 (13.9) 0.597 65.6 68.7 5 years 0.66 
Total   22/464 (4.7) 72/1589 (4.5) 0.8995a         

A meta-analysis indicated a higher rate of anastomotic recurrence by only 1.6% in the <1cm
margin groups, but this small observed difference was not statistically significant. A systematic
review of the literature on sub-1 cm distal margins of resection found in only two papers a
possible adverse outcome associated with this smaller margin [54]. However, in these two
papers, the percentage of patients submitting to neoadjuvant CRT was less than 5% [59;60].

Distal margins of 8 mm or 5 mm have also been proposed [40;54;56;61], but there is currently
not enough data to draw definitive conclusions at this time. The results so far seem to point to
these margins also being oncologically safe. Published data on possible adverse oncologic
outcomes with 8 mm margins has been documented, but this has occurred in the absence of
neoadjuvant CRT [62]. In this case, margins below the 8 mm cutoff point were found to correlate
with a significantly higher rate of recurrence and lower rate of long-term survival. However,
when the same length of distal margin is evaluated within the context of neoadjuvant CRT, 8
mm margins have not been found to have adverse oncologic outcomes compared to patients
having more than 8 mm margins. In this study, the authors did find a higher rate of mucosal
recurrence in patients with less than 8 mm margins. They concluded that the probable cause of
a higher rate of mucosal recurrence was tumor shedding into the anastomosis [40].

Another study evaluated patients who had received neoadjuvant therapy with margins less
than or equal to 5 mm in regards to 5 year outcome and local recurrence [61]. There was no
difference in local recurrence 5 years after surgical intervention. This finding was echoed by a
number of similar studies [48;53;54;56] (Table 2). Additionally, a meta-analysis demonstrated
a small non-significant rate of anastomotic recurrence by 1.7% in the 5mm group, but again
this also was not statistically significant [54].

Paper Number of recurrences/ total patients by margin 
(%) P 

  ≤ 0.5 cm > 0.5 cm   
Kuvshinoff et al (2001) 1/9  (11) 0/19 (0)   
Kiran et al (2011) 2/25 (8) 9/164 (5.5) 0.41 
Rutkowski et al (2010) 3/29 (10.3) 10/231 (4.3) 0.166 
Total 6/63 (9.5) 19/414 (4.6) 0.123 

Updates on Cancer Treatment268



Paper 
% Patients with 
Neoadjuvant 

Chemoradiotherapy 

Number of local recurrences/ total patients 
by margin (%) P % Survival Years of Follow Up P 

≤ 1 cm > 1 cm   ≤ 1 cm > 1 cm 
Andreola et al (2001) 61 4/31 (12.9) 3/45 (6.6) 0.4407a         
Huh et al (2008) 100 1/18 (6) 0/25 (0) 0.058 71.3 81.3 5 years 0.27 
Kim et al (2009) 71.2 7/167 (4.2) 31/747 (4.1) 0.98         
Kiran et al (2011) 40 7/198 (3.5) 19/586 (3.2) 0.821a 67.4 66.5 5 years 0.77 
Kuvshinoff et al (2001) 100 1/16 (6) 0/12 (0)   53 85 4 years 0.06 
Moore et al (2003) 100 2/17 (12) 7/77 (9) 0.93 82 85 3 years 0.88 
Pricolo et al (2010) 100 0/10 (0) 0/23 (0)           
Rutkowski et al (2008) 100 4/42 (9.5) 17/122 (13.9) 0.597 65.6 68.7 5 years 0.66 
Total   22/464 (4.7) 72/1589 (4.5) 0.8995a         

A meta-analysis indicated a higher rate of anastomotic recurrence by only 1.6% in the <1cm
margin groups, but this small observed difference was not statistically significant. A systematic
review of the literature on sub-1 cm distal margins of resection found in only two papers a
possible adverse outcome associated with this smaller margin [54]. However, in these two
papers, the percentage of patients submitting to neoadjuvant CRT was less than 5% [59;60].

Distal margins of 8 mm or 5 mm have also been proposed [40;54;56;61], but there is currently
not enough data to draw definitive conclusions at this time. The results so far seem to point to
these margins also being oncologically safe. Published data on possible adverse oncologic
outcomes with 8 mm margins has been documented, but this has occurred in the absence of
neoadjuvant CRT [62]. In this case, margins below the 8 mm cutoff point were found to correlate
with a significantly higher rate of recurrence and lower rate of long-term survival. However,
when the same length of distal margin is evaluated within the context of neoadjuvant CRT, 8
mm margins have not been found to have adverse oncologic outcomes compared to patients
having more than 8 mm margins. In this study, the authors did find a higher rate of mucosal
recurrence in patients with less than 8 mm margins. They concluded that the probable cause of
a higher rate of mucosal recurrence was tumor shedding into the anastomosis [40].

Another study evaluated patients who had received neoadjuvant therapy with margins less
than or equal to 5 mm in regards to 5 year outcome and local recurrence [61]. There was no
difference in local recurrence 5 years after surgical intervention. This finding was echoed by a
number of similar studies [48;53;54;56] (Table 2). Additionally, a meta-analysis demonstrated
a small non-significant rate of anastomotic recurrence by 1.7% in the 5mm group, but again
this also was not statistically significant [54].

Paper Number of recurrences/ total patients by margin 
(%) P 

  ≤ 0.5 cm > 0.5 cm   
Kuvshinoff et al (2001) 1/9  (11) 0/19 (0)   
Kiran et al (2011) 2/25 (8) 9/164 (5.5) 0.41 
Rutkowski et al (2010) 3/29 (10.3) 10/231 (4.3) 0.166 
Total 6/63 (9.5) 19/414 (4.6) 0.123 

Updates on Cancer Treatment268

It is important to keep in mind that in all of these retrospective studies, there is a clear aspect
of selection bias. Typically, patients that are selected for smaller margins are those that have
tumors that are expected to have more favorable outcomes. Low tumors, which have less
favorable predicted outcomes are usually treated with an abdominoperineal resection (APR),
a procedure that renders the question of margins moot [54]. This makes it difficult to properly
match patient populations being compared in these studies. It is also important to emphasize
that there is a lack of consistent methodology of measuring the distal margin across all studies.
Measurement of the distal margin is done in a variety of circumstances: pinned, unpinned,
fixed, immediately after sectioning, etc [54;63;64]. A lack of standardization is disadvantageous
to drawing a unified conclusion; however, the broad consensus that exists regardless of this
wide range of measurement techniques suggests that the conclusion is nonetheless valid.

Furthermore, while the surgical donuts are oftentimes assessed for tumor cells, they are not
included in measurement of the distal margin of resection and therefore the true margin is
usually slightly larger than the distal margin of resection. Therefore, a margin reported and
measured as 5 mm may in fact be significantly larger, which helps explain why some patients
with low margins approaching 0 mm still seem to have acceptable oncologic outcomes.

In conclusion, in the era of neoadjuvant CRT, smaller distal margins are acceptable so long as
the overall status of the patient is considered as well as the possible behavior of the tumor.
Patients with well differentiated tumors who have achieved an excellent response to neoad‐
juvant CRT might only need negative margins. However, patients who have poorly differen‐
tiated tumors and no response to pre-operative CRT might need greater margins (greater or
equal to 1 cm). The distal margin is one of the few that the surgeon can correct and monitor
intra-operatively [40;64] and therefore ought to be a constant consideration for all surgeons
when performing a rectal resection. This must be done by balancing the desire for sphincter
preservation with the need to maintain an oncologically safe and thorough procedure.
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