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Multiple myeloma is a malignant disorder characterized by the proliferation of plasma 
cells. Much insight has been gained into the molecular pathways that lead to myeloma 

and indeed much more remains to be done. The understanding of these pathways 
is closely linked to their therapeutic implications and is stressed upon in the initial 

chapters. Recently, the introduction of newer agents such as bortezomib, lenalidomide, 
thalidomide, liposomal doxorubicin, etc. has led to a flurry of trials aimed at testing 
various combinations in order to improve survival. Higher response rates observed 

with these agents have led to their integration into induction therapies.  The role 
of various new therapies vis a vis transplantation has also been examined. Recent 

advances in the management of plasmacytomas , renal dysfunction, dentistry as well 
as mobilization of stem cells in the context of myeloma have also found exclusive 

mention. Since brevity is the soul of wit our attempt has been to present before the 
reader a comprehensive yet brief text on this important subject.
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Preface 

Multiple myeloma is a malignant disorder characterized by the proliferation of plasma 
cells. It accounts for 10% of hematological cancers and 1% of all cancers. The disease is 
uniformly fatal with a median survival of approximately three years with 
conventional chemotherapy, although the outlook has improved with the integration 
of newer therapies including high-dose therapy followed by autologous stem cell 
transplantation. 

Much insight has been gained into the molecular pathways that lead to myeloma and 
indeed much more remains to be done. The understanding of these pathways is closely 
linked to their therapeutic implications and is stressed upon in the initial chapters. 

The role of multiple pro-inflammatory pathways, hypoxia inducing factor, tumor 
necrosis factor, proteasomes , sumoylation pathways and their therapeutic importance 
is examined as is the role of experimental therapies like dendritic cell therapy. 

Recently, the introduction of newer agents such as bortezomib, lenalidomide, 
thalidomide, liposomal doxorubicin, etc. has led to a flurry of trials aimed at testing 
various combinations in order to improve survival. Higher response rates observed 
with these agents have led to their integration into induction therapies. It has raised 
questions in terms of redefining the inclusion criteria/timing and expected benefits of 
stem cell transplantation. 

The role of various new therapies vis a vis transplantation has also been examined. 
Recent advances in the management of plasmacytomas , renal dysfunction, dentistry 
as well as mobilization of stem cells in the context of myeloma have also found 
exclusive mention. These areas are clinically very relevant and are often neglected in 
text books on multiple myeloma. A complete book on the topic would be too 
exhaustive: as such, since brevity is the soul of wit our attempt has been to present 
before the reader a comprehensive yet brief text on this important subject.  

Ajay Gupta 
MD, DM, CCST (UK), Senior Consultant, 

Medical Oncology, Max Cancer Centre, Saket, New Delhi, 
India 
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Proteasome Inhibitors in the Treatment  
of Multiple Myeloma 

Lisa J. Crawford and Alexandra E. Irvine 
Centre for Cancer Research and Cell Biology, Queen’s University Belfast 

 Northern Ireland 

1. Introduction 
The ubiquitin proteasome system is responsible for the degradation of proteins involved in 
a wide range of cellular processes such as the cell cycle, apoptosis, transcription, cell 
signalling, immune response and antigen presentation. Protein homeostasis is essential for 
normal cell growth and inhibition of proteasome function has emerged as a viable strategy 
for anti-cancer treatment. The first proteasome inhibitor to enter clinical practice, 
bortezomib, was approved by the Food and Drug Administration as a single agent to treat 
relapsed/refractory Multiple Myeloma in 2003 and expanded to first-line treatment in 
combination with melphalan and prednisone in 2008. It is now a routine component of 
Multiple Myeloma therapy and has had a major impact on expanding treatment options in 
the last few years. Bortezomib exhibits novel action against Multiple Myeloma by targeting 
both intracellular mechanisms and interactions within the bone marrow environment. 
Although it demonstrates significant anti-Myeloma activity when used alone, it has been 
shown to have even greater benefits when used in combination with conventional and novel 
chemotherapeutic agents. There are currently over 200 clinical trials ongoing or recently 
completed examining bortezomib alone and in combination in various stages of disease and 
treatment. The clinical success of bortezomib has prompted the development of a number of 
second generation proteasome inhibitors with improved pharmacological properties. In this 
chapter, we review the development of bortezomib as a novel therapeutic agent in Multiple 
Myeloma and summarize the key observations from recently completed and ongoing 
studies on the effect of bortezomib both as a single agent and in combination therapies in 
the setting of newly diagnosed Multiple Myeloma and for relapsed disease. We also discuss 
the progress of next generation proteasome inhibitors in the clinic. 

2. The ubiquitin proteasome system 
The ubiquitin proteasome pathway represents the major pathway for intracellular protein 
degradation. It is responsible for the degradation of approximately 80% of cellular proteins, 
including misfolded and mutated proteins as well as those involved in the regulation of 
development, differentiation, cell proliferation, signal transduction, apoptosis and antigen 
presentation. Proteins are degraded by the ubiquitin proteasome pathway via two distinct 
and successive steps: the covalent attachment of multiple monomers of ubiquitin molecules 
to a protein substrate and degradation of the tagged protein by the 26S proteasome. Tagging 
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of a protein by ubiquitin requires the action of three classes of enzymes – ubiquitin 
activating enzyme (E1), ubiquitin conjugating enzyme (E2) and ubiquitin ligase (E3). A 
single E1 enzyme activates ubiquitin by forming a thiol ester bond between E1 and ubiquitin 
in an ATP-dependent step. Following activation, ubiquitin is then transferred to an active 
site residue within an E2 enzyme which shuttles ubiquitin either directly or in concert with 
an E3 enzyme to a lysine residue in the target protein. There are more than 30 different E2 
and over 500 E3 enzymes, which work in cooperation to confer exquisite substrate 
specificity to the ubiquitin proteasome pathway. The successive conjugation of ubiquitin 
moieties generates a polyubiquitin chain that acts as a signal to target the protein for 
degradation by the 26S proteasome (Figure 1a). 

The 26S or constitutive proteasome is found in the nucleus and cytoplasm of all eukaryotic 
cells. It is composed of a core 20S particle capped with a 19S structure at each end. The 20S 
catalytic core is made up of 28 subunits arranged into four stacked rings, creating a central 
chamber where proteolysis occurs. The two outer rings are composed of 7 different α 
subunits, which are predominantly structural and the two inner rings are composed of 7 
different β subunits, at least three of which contain catalytic sites (Groll et al., 1997). 
Catalytic activities of the proteasome are classified into three major categories, based upon 
preference to cleave a peptide bond after a particular amino acid residue. These activities are 
referred to as chymotrypsin-like, trypsin-like and caspase-like and are associated with β5, β2 
and β1 subunits respectively. The chymotrypsin-like activity cleaves after hydrophobic 
residues, the trypsin-like activity cleaves after basic residues and the caspase-like activity 
cleaves after acidic residues (Groll et al., 1999; Heinemeyer et al., 1997). Substrates gain 
access to the proteolytic chamber by binding to the 19S regulatory particle at either end of 
the 20S proteasome. Polyubiquitin-tagged proteins are recognised by the 19S particle, where 
ubiquitin is cleaved off and recycled and the target protein is unfolded and fed into the 20S 
catalytic chamber (Groll et al., 2000; Navon & Goldberg, 2001). An alternative proteasome 
isoform known as the immunoproteasome can be formed in response to cytokine signalling. 
Interferon-γ and tumour necrosis factor – α induce the expression of a different set of 
catalytic β-subunits and regulatory cap to form the immunoproteasome. Subunits β1i 
(LMP2), β2i (MECL1) and β5i (LMP7) replace constitutive subunits β1, β2 and β5 and the 
19S regulatory cap is replaced with an 11S regulatory structure (Figure 1b). These 
modifications allow the immunoproteasome to generate antigenic peptides for presentation 
by the major histocompatability (MHC) class 1 mediated immune response (Rock & 
Goldberg, 1999). The expression of the immunoproteasome appears to be tissue specific and 
is particularly abundant in immune-related cells. Immunoproteasomes are highly expressed 
in haemopoietic tumours such as Multiple Myeloma. 

3. Proteasome inhibitors as drug candidates 
As the ubiquitin proteasome pathway plays a critical role in regulating many cellular 
processes, it is not surprising that defects within this pathway have been associated with a 
number of pathologies, including neurodegenerative diseases and cancer. Proteasome 
inhibitors were initially synthesized as in vitro probes to investigate the function of the 
proteasome’s catalytic activity. However, as the essential role of the proteasome in cell 
function was established, the proteasome emerged as an attractive target for cancer therapy. 
Early studies showed that proteasome inhibitors induced apoptosis in leukaemic cell lines 
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Fig. 1. a. Ubiquitin proteasome pathway mediated degradation. b. Proteasome composition. 

(Imajoh-Ohmi et al., 1995; Shinohara et al., 1996; Drexler, 1997) and were active in an in vivo 
model of Burkitt’s lymphoma (Orlowski et al., 1998). Further in vitro investigations 
demonstrated that proteasome inhibitors displayed a broad spectrum anti-proliferative and 
pro-apoptotic activity against haematological and solid tumours. While these studies 
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established the potential of proteasome inhibitors as anti-cancer agents, many of the 
compounds available were limited to laboratory studies due to a relative lack of potency, 
specificity or stability. This led to the development of a series of dipeptide boronic acids, 
which were more potent and selective than many previously available inhibitors. These 
inhibitors were screened in vitro against the National Cancer Institute’s panel of cancer cell 
lines and on the basis of its cytotoxicity, the compound bortezomib (PS-341, Velcade®) was 
brought forward for further testing.  

4. Mechanisms of action of bortezomib in multiple myeloma 
Bortezomib is a reversible proteasome inhibitor, primarily of the chymotrypsin-like activity of 
both the constitutive (β5) and immunoproteasome (LMP7) (Lightcap et al., 2000; Crawford et 
al., 2006). Initial in vitro evaluation of bortezomib demonstrated that it induced an 
accumulation of intracellular proteins, leading to G2-M arrest and then apoptosis through dual 
activation of caspase – 8 and caspase - 9 (Adams et al., 1999, Mitsiades et al., 2002). 
Importantly, bortezomib was also demonstrated to be significantly more toxic to Multiple 
Myeloma tumour cells than to normal counterparts. Hideshima et al. (2001) demonstrated that 
Multiple Myeloma cell lines and primary patient cells were 20-40 times more sensitive to 
bortezomib-induced apoptosis than bone marrow or peripheral blood mononuclear cells from 
healthy donors. Another novel aspect for bortezomib in Multiple Myeloma was that it was 
found to act not only on the Multiple Myeloma cells themselves but also on the protective 
bone marrow microenvironment. In addition, inhibition of proteasome function was found to 
both sensitize tumour cells to conventional chemotherapy and to overcome chemotherapy 
resistance. Finally, studies in murine xenograft models demonstrated that bortezomib 
significantly inhibited Multiple Myeloma cell growth and angiogenesis and prolonged 
survival (Leblanc et al., 2002). The main mechanisms attributed to bortezomib-induced 
apoptosis in Multiple Myeloma are outlined below. 

4.1 NFκB 

One of the first mechanisms of action attributed to bortezomib in Multiple Myeloma was 
inhibition of the inflammation associated transcription factor NFκB. NFκB, is constitutively 
activated in Multiple Myeloma and plays an important role in cell survival, proliferation 
and resistance to cytotoxic agents. NFκB is bound to its inhibitor IκB in the cytoplasm and is 
activated by proteasomal degradation of IκB. When activated, this transcription factor 
induces the expression of cell adhesion molecules (e.g. vascular cell adhesion molecule) and 
anti-apoptotic proteins (e.g. Bcl-2 and XIAP) and increases interleukin-6 production in bone 
marrow stromal cells. There are two pathways which activate NFκB, known as the canonical 
(or classical) pathway and the alternative non-canonical pathway (Gilmore, 2006). Inhibition 
of proteasome activity was demonstrated to prevent degradation of IκB and subsequent 
activation and translocation of NFκB to the nucleus to activate downstream pathways 
(Hideshima et al., 2001; Russo et al., 2001; Sunwoo et al., 2001). However, recent studies are 
challenging the concept that proteasome inhibitors inhibit NFκB activation and suggest that 
bortezomib may actually activate upstream NFκB activating kinases via the canonical 
pathway and increase NFκB activity (Markovina et al., 2008; Hideshima et al., 2009). In 
contrast, Chauhan et al. (2011) recently assessed the action of the second generation 
proteasome inhibitor MLN2238 on NFκB and report that this compound inhibits both the 
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canonical and non-canonical pathways of activation. As MLN2238 is structurally distinct 
from bortezomib, this suggests that different proteasome inhibitors may exert differential 
effects on the NFκB pathway by blocking either one or both pathways of activation.  

4.2 Apoptosis 

Apoptosis is regulated by the opposing activities of pro-apoptotic and anti-apoptotic 
molecules. Cancer cells often have disregulated apoptotic signalling pathways with 
increased levels of anti-apoptotic proteins which provide a survival advantage and confer 
resistance to chemotherapeutic agents. Inhibition of proteasome activity by bortezomib is 
associated with an upregulation of pro-apoptotic factors such as p53, Bik, BIM and NOXA 
and a related decrease in anti-apoptotic proteins such as Bcl-XL and Bcl-2. Induction of 
NOXA has been reported to be a key mechanism in bortezomib-mediated apoptosis which 
is independent of p53 status but dependent on c-Myc (Qin et al., 2005; Gomez-Bougie et al., 
2007; Nikiforov et al., 2007; Fennell et al., 2008). Bortezomib-mediated apoptosis is 
accompanied by induction of c-Jun-NH2 terminal kinase, generation of reactive oxygen 
species, release of cytochrome c, second mitochondria-derived activator of caspases and 
apoptosis-inducing factor and activation of the intrinsic caspase-8 pathway and extrinsic 
caspase-9 pathway.  

4.3 Unfolded protein response 

The endoplasmic reticulum plays a central role in protein homeostasis. Proteins are 
processed and folded in the lumen of the endoplasmic reticulum and misfolded proteins are 
returned to the cytosol and degraded in the proteasome. Multiple Myeloma cells have a 
high rate of protein synthesis and this is inherently associated with a high level of misfolded 
proteins. Accumulation of misfolded proteins in the endoplasmic reticulum triggers the 
Unfolded Protein Response. This process is mediated through three endoplasmic reticulum 
transmembrane receptors: ATF6, IRE1 and PERK. In resting cells the endoplasmic reticulum 
chaperone BiP (GRP 78) maintains these receptors in a resting state; BiP becomes dissociated 
from the endoplasmic reticulum receptors when unfolded proteins accumulate and triggers 
the Unfolded Protein Response. 

It has been recognised for some time that bortezomib can induce the Unfolded Protein 
Response in Multiple Myeloma cells and that this contributes to its pro-apoptotic activity 
(Obeng et al., 2006; Meister et al., 2007). Numerous studies have now shown that treatment 
of Multiple Myeloma cell lines in vitro with bortezomib triggers activation of ATF6, IRE 1 
and PERK (Davenport et al., 2007; Gu et al., 2008; Dong et al., 2009). Caspase 2 is believed to 
act upstream of mitochondrial signalling in this bortezomib ER stress- induced apoptosis 
(Gu et al., 2008). Similar mechanisms have been implicated in mantle cell lymphoma cell 
lines (Rao et al., 2010; Roue et al., 2011). It is clear that a greater understanding of the 
Unfolded Protein Response is fundamental to allow the rational development of 
combination therapies (Kawaguchi et al., 2011). 

4.4 Bone marrow microenvironment 

Interactions between Multiple Myeloma cells and bone marrow stroma regulate the growth 
and survival of Myeloma cells and play a critical role in angiogenesis, bone disease and 
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inhibitors were screened in vitro against the National Cancer Institute’s panel of cancer cell 
lines and on the basis of its cytotoxicity, the compound bortezomib (PS-341, Velcade®) was 
brought forward for further testing.  

4. Mechanisms of action of bortezomib in multiple myeloma 
Bortezomib is a reversible proteasome inhibitor, primarily of the chymotrypsin-like activity of 
both the constitutive (β5) and immunoproteasome (LMP7) (Lightcap et al., 2000; Crawford et 
al., 2006). Initial in vitro evaluation of bortezomib demonstrated that it induced an 
accumulation of intracellular proteins, leading to G2-M arrest and then apoptosis through dual 
activation of caspase – 8 and caspase - 9 (Adams et al., 1999, Mitsiades et al., 2002). 
Importantly, bortezomib was also demonstrated to be significantly more toxic to Multiple 
Myeloma tumour cells than to normal counterparts. Hideshima et al. (2001) demonstrated that 
Multiple Myeloma cell lines and primary patient cells were 20-40 times more sensitive to 
bortezomib-induced apoptosis than bone marrow or peripheral blood mononuclear cells from 
healthy donors. Another novel aspect for bortezomib in Multiple Myeloma was that it was 
found to act not only on the Multiple Myeloma cells themselves but also on the protective 
bone marrow microenvironment. In addition, inhibition of proteasome function was found to 
both sensitize tumour cells to conventional chemotherapy and to overcome chemotherapy 
resistance. Finally, studies in murine xenograft models demonstrated that bortezomib 
significantly inhibited Multiple Myeloma cell growth and angiogenesis and prolonged 
survival (Leblanc et al., 2002). The main mechanisms attributed to bortezomib-induced 
apoptosis in Multiple Myeloma are outlined below. 

4.1 NFκB 

One of the first mechanisms of action attributed to bortezomib in Multiple Myeloma was 
inhibition of the inflammation associated transcription factor NFκB. NFκB, is constitutively 
activated in Multiple Myeloma and plays an important role in cell survival, proliferation 
and resistance to cytotoxic agents. NFκB is bound to its inhibitor IκB in the cytoplasm and is 
activated by proteasomal degradation of IκB. When activated, this transcription factor 
induces the expression of cell adhesion molecules (e.g. vascular cell adhesion molecule) and 
anti-apoptotic proteins (e.g. Bcl-2 and XIAP) and increases interleukin-6 production in bone 
marrow stromal cells. There are two pathways which activate NFκB, known as the canonical 
(or classical) pathway and the alternative non-canonical pathway (Gilmore, 2006). Inhibition 
of proteasome activity was demonstrated to prevent degradation of IκB and subsequent 
activation and translocation of NFκB to the nucleus to activate downstream pathways 
(Hideshima et al., 2001; Russo et al., 2001; Sunwoo et al., 2001). However, recent studies are 
challenging the concept that proteasome inhibitors inhibit NFκB activation and suggest that 
bortezomib may actually activate upstream NFκB activating kinases via the canonical 
pathway and increase NFκB activity (Markovina et al., 2008; Hideshima et al., 2009). In 
contrast, Chauhan et al. (2011) recently assessed the action of the second generation 
proteasome inhibitor MLN2238 on NFκB and report that this compound inhibits both the 
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canonical and non-canonical pathways of activation. As MLN2238 is structurally distinct 
from bortezomib, this suggests that different proteasome inhibitors may exert differential 
effects on the NFκB pathway by blocking either one or both pathways of activation.  

4.2 Apoptosis 

Apoptosis is regulated by the opposing activities of pro-apoptotic and anti-apoptotic 
molecules. Cancer cells often have disregulated apoptotic signalling pathways with 
increased levels of anti-apoptotic proteins which provide a survival advantage and confer 
resistance to chemotherapeutic agents. Inhibition of proteasome activity by bortezomib is 
associated with an upregulation of pro-apoptotic factors such as p53, Bik, BIM and NOXA 
and a related decrease in anti-apoptotic proteins such as Bcl-XL and Bcl-2. Induction of 
NOXA has been reported to be a key mechanism in bortezomib-mediated apoptosis which 
is independent of p53 status but dependent on c-Myc (Qin et al., 2005; Gomez-Bougie et al., 
2007; Nikiforov et al., 2007; Fennell et al., 2008). Bortezomib-mediated apoptosis is 
accompanied by induction of c-Jun-NH2 terminal kinase, generation of reactive oxygen 
species, release of cytochrome c, second mitochondria-derived activator of caspases and 
apoptosis-inducing factor and activation of the intrinsic caspase-8 pathway and extrinsic 
caspase-9 pathway.  

4.3 Unfolded protein response 

The endoplasmic reticulum plays a central role in protein homeostasis. Proteins are 
processed and folded in the lumen of the endoplasmic reticulum and misfolded proteins are 
returned to the cytosol and degraded in the proteasome. Multiple Myeloma cells have a 
high rate of protein synthesis and this is inherently associated with a high level of misfolded 
proteins. Accumulation of misfolded proteins in the endoplasmic reticulum triggers the 
Unfolded Protein Response. This process is mediated through three endoplasmic reticulum 
transmembrane receptors: ATF6, IRE1 and PERK. In resting cells the endoplasmic reticulum 
chaperone BiP (GRP 78) maintains these receptors in a resting state; BiP becomes dissociated 
from the endoplasmic reticulum receptors when unfolded proteins accumulate and triggers 
the Unfolded Protein Response. 

It has been recognised for some time that bortezomib can induce the Unfolded Protein 
Response in Multiple Myeloma cells and that this contributes to its pro-apoptotic activity 
(Obeng et al., 2006; Meister et al., 2007). Numerous studies have now shown that treatment 
of Multiple Myeloma cell lines in vitro with bortezomib triggers activation of ATF6, IRE 1 
and PERK (Davenport et al., 2007; Gu et al., 2008; Dong et al., 2009). Caspase 2 is believed to 
act upstream of mitochondrial signalling in this bortezomib ER stress- induced apoptosis 
(Gu et al., 2008). Similar mechanisms have been implicated in mantle cell lymphoma cell 
lines (Rao et al., 2010; Roue et al., 2011). It is clear that a greater understanding of the 
Unfolded Protein Response is fundamental to allow the rational development of 
combination therapies (Kawaguchi et al., 2011). 

4.4 Bone marrow microenvironment 

Interactions between Multiple Myeloma cells and bone marrow stroma regulate the growth 
and survival of Myeloma cells and play a critical role in angiogenesis, bone disease and 
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drug resistance. The success of bortezomib in Multiple Myeloma has been attributed not 
only to direct effects on Myeloma cells but also its effect on the bone marrow 
microenvironment. Vascular cell adhesion molecule-1 is a major ligand on bone marrow 
stromal cells that mediates binding of Multiple Myeloma cells via the cell surface molecule 
very late antigen-4. Early studies on proteasome inhibitors demonstrated that they 
downregulate cytokine-induced expression of vascular cell adhesion molecule-1 (Read et al., 
1995). Hideshima et al., (2001) subsequently reported that treatment with bortezomib 
decreased binding of Myeloma cells to bone marrow stromal cells by 50% and consequently 
inhibited the related upregulation of interleukin-6 secretion and paracrine tumour growth.  

Bortezomib has also been demonstrated to have both direct and indirect effects on 
angiogenesis. Initial studies found that bortezomib treatment decreased the secretion of 
vascular endothelial growth factor from Myeloma cells, thereby decreasing vasculogenesis 
and angiogenesis (Nawrocki et al., 2002). More recent studies using functional assays 
including chemotaxis, adhesion to fibronectin and capillary formation demonstrated that 
bortezomib has direct anti-proliferative effects on vascular endothelial cells. Tamura et al. 
(2010) demonstrated that bortezomib potently inhibits cell growth of vascular endothelial 
cells by suppressing the G2/M transition of the cell cycle and increasing permeability, thus 
acting as a vascular targeting drug.  

A critical role of the bone marrow microenvironment in the efficacy of bortezomib in 
Multiple Myeloma was further established by Edwards et al. (2009). In vivo studies 
demonstrated that bortezomib had a greater effect on tumour burden when Myeloma cells 
were grown in the bone marrow of mice than when they were grown at sub-cutaneous sites. 

4.5 Bortezomib and bone formation 

Osteolytic lesions characterised with activated osteoclast activity accompanied with a 
reduction in osteoblast activity are a major feature of Multiple Myeloma. Bortezomib 
exhibits important effects on the development and progression of Myeloma-associated bone 
disease by reducing osteoclast activity and increasing osteoblast function, therefore 
reducing bone resorption and stimulating new bone formation. Both preclinical and clinical 
analysis have demonstrated that bortezomib exerts these effects in part by inhibiting 
dickkopf-1 and receptor activator of nuclear factor-kappa B ligand and increasing levels of 
alkaline phosphatase and osteocalcin (Terpos et al., 2006; Heider et al., 2006; Giuliani et al., 
2007). However, a recent study by Lund and colleagues (2010) found that the combination of 
a glucocorticoid such as dexamethasone with bortezomib could inhibit the positive effects of 
bortezomib on osteoblast proliferation and differentiation, suggesting that bortezomib may 
result in better healing of osteolytic lesions when used without a glucocorticoid.  

4.6 Gene expression studies 

While a number of mechanisms of action of bortezomib have been outlined above, the full 
mechanism of bortezomib-induced cytotoxicity remains to be elucidated. Gene expression 
studies have been employed to try and increase our understanding of the cytotoxic action of 
this compound in Multiple Myeloma. Mitsiades et al., (2002) performed gene expression 
profiling in a Multiple Myeloma cell line and demonstrated that bortezomib resulted in a 
downregulation of growth and survival signalling pathways and upregulation of molecules 
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implicated in pro-apoptotic cascades, as well as upregulation of heat shock proteins and 
ubiquitin proteasome pathway members. Chen et al. (2010) performed a genome-wide 
siRNA screen in malignant cell lines to evaluate the genetic determinants that confer 
sensitivity to bortezomib. They found that bortezomib promotes apoptosis primarily by 
disregulating Myc and polyamines, interfering with protein translation and disrupting DNA 
damage repair pathways. More recently, Takeda and colleagues (2011) investigated genes 
affecting the toxicity of bortezomib in the fission yeast S. pombe and identified factors 
involved in the ubiquitin proteasome pathway, chromatin silencing, nuclear/cytoplasmic 
transportation, amino acid metabolism and vesicular trafficking. Gene expression profiling 
of Multiple Myeloma patients found that treatment with bortezomib resulted in an 
upregulation of proteasome genes and that high levels of the proteasome subunit PSMD4 
was associated with an inferior prognosis (Shaughnessy et al., 2011). Further investigation 
into fully understanding the mechanism of action of bortezomib will help to identify 
therapeutic strategies to overcome resistance to bortezomib and to identify agents to 
enhance its efficacy.  

5. Clinical use of bortezomib in Multiple Myeloma 
5.1 Bortezomib therapy for relapsed or refractory Multiple Myeloma 

Following encouraging preclinical results bortezomib was introduced into clinical trials to 
test for safety and efficacy in relapsed and refractory Multiple Myeloma. These studies 
established that bortezomib was effective and well-tolerated in Multiple Myeloma and led 
to approval of bortezomib in patients that had undergone at least two prior therapies. The 
incorporation of bortezomib into the treatment options for Myeloma represented a 
significant milestone as being the first proteasome inhibitor to be implemented into clinical 
use and also as the first novel therapy for Multiple Myeloma in over a decade. The main 
findings of the trials are outlined below. 

Phase 1 

Orlowski et al. (2002) conducted a Phase 1 trial evaluating the pharmacodynamics of 
bortezomib, along with toxicity and clinical responses in 27 patients with advanced 
refractory haematological malignancies. This study demonstrated that bortezomib could be 
safely administered, with a tolerable side-effect profile. There was significant evidence of 
anti-tumour activity in patients with Multiple Myeloma, with all 9 evaluable Multiple 
Myeloma patients showing some evidence of clinical benefit, including one complete 
response. Taken together with preclinical data this provided the rationale for Phase 2 clinical 
trials with bortezomib for the treatment of relapsed, refractory Myeloma. 

Phase 2 

The activity of bortezomib in relapsed and refractory Multiple Myeloma was confirmed 
with two Phase 2 trials, SUMMIT and CREST. SUMMIT (Study of Uncontrolled Multiple 
Myeloma managed with proteasome Inhibition Therapy) was a large multi-centre trial that 
enrolled 202 heavily pre-treated patients (Richardson et al., 2003). An overall response rate 
of 35% was achieved, including 10% of patients who achieved a complete or near complete 
response. Median time to progression was 7 months compared with 3 months on previous 
therapy. Grade 3 toxicities included cyclical thrombocytopenia, fatigue, peripheral 
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drug resistance. The success of bortezomib in Multiple Myeloma has been attributed not 
only to direct effects on Myeloma cells but also its effect on the bone marrow 
microenvironment. Vascular cell adhesion molecule-1 is a major ligand on bone marrow 
stromal cells that mediates binding of Multiple Myeloma cells via the cell surface molecule 
very late antigen-4. Early studies on proteasome inhibitors demonstrated that they 
downregulate cytokine-induced expression of vascular cell adhesion molecule-1 (Read et al., 
1995). Hideshima et al., (2001) subsequently reported that treatment with bortezomib 
decreased binding of Myeloma cells to bone marrow stromal cells by 50% and consequently 
inhibited the related upregulation of interleukin-6 secretion and paracrine tumour growth.  

Bortezomib has also been demonstrated to have both direct and indirect effects on 
angiogenesis. Initial studies found that bortezomib treatment decreased the secretion of 
vascular endothelial growth factor from Myeloma cells, thereby decreasing vasculogenesis 
and angiogenesis (Nawrocki et al., 2002). More recent studies using functional assays 
including chemotaxis, adhesion to fibronectin and capillary formation demonstrated that 
bortezomib has direct anti-proliferative effects on vascular endothelial cells. Tamura et al. 
(2010) demonstrated that bortezomib potently inhibits cell growth of vascular endothelial 
cells by suppressing the G2/M transition of the cell cycle and increasing permeability, thus 
acting as a vascular targeting drug.  

A critical role of the bone marrow microenvironment in the efficacy of bortezomib in 
Multiple Myeloma was further established by Edwards et al. (2009). In vivo studies 
demonstrated that bortezomib had a greater effect on tumour burden when Myeloma cells 
were grown in the bone marrow of mice than when they were grown at sub-cutaneous sites. 

4.5 Bortezomib and bone formation 

Osteolytic lesions characterised with activated osteoclast activity accompanied with a 
reduction in osteoblast activity are a major feature of Multiple Myeloma. Bortezomib 
exhibits important effects on the development and progression of Myeloma-associated bone 
disease by reducing osteoclast activity and increasing osteoblast function, therefore 
reducing bone resorption and stimulating new bone formation. Both preclinical and clinical 
analysis have demonstrated that bortezomib exerts these effects in part by inhibiting 
dickkopf-1 and receptor activator of nuclear factor-kappa B ligand and increasing levels of 
alkaline phosphatase and osteocalcin (Terpos et al., 2006; Heider et al., 2006; Giuliani et al., 
2007). However, a recent study by Lund and colleagues (2010) found that the combination of 
a glucocorticoid such as dexamethasone with bortezomib could inhibit the positive effects of 
bortezomib on osteoblast proliferation and differentiation, suggesting that bortezomib may 
result in better healing of osteolytic lesions when used without a glucocorticoid.  

4.6 Gene expression studies 

While a number of mechanisms of action of bortezomib have been outlined above, the full 
mechanism of bortezomib-induced cytotoxicity remains to be elucidated. Gene expression 
studies have been employed to try and increase our understanding of the cytotoxic action of 
this compound in Multiple Myeloma. Mitsiades et al., (2002) performed gene expression 
profiling in a Multiple Myeloma cell line and demonstrated that bortezomib resulted in a 
downregulation of growth and survival signalling pathways and upregulation of molecules 
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implicated in pro-apoptotic cascades, as well as upregulation of heat shock proteins and 
ubiquitin proteasome pathway members. Chen et al. (2010) performed a genome-wide 
siRNA screen in malignant cell lines to evaluate the genetic determinants that confer 
sensitivity to bortezomib. They found that bortezomib promotes apoptosis primarily by 
disregulating Myc and polyamines, interfering with protein translation and disrupting DNA 
damage repair pathways. More recently, Takeda and colleagues (2011) investigated genes 
affecting the toxicity of bortezomib in the fission yeast S. pombe and identified factors 
involved in the ubiquitin proteasome pathway, chromatin silencing, nuclear/cytoplasmic 
transportation, amino acid metabolism and vesicular trafficking. Gene expression profiling 
of Multiple Myeloma patients found that treatment with bortezomib resulted in an 
upregulation of proteasome genes and that high levels of the proteasome subunit PSMD4 
was associated with an inferior prognosis (Shaughnessy et al., 2011). Further investigation 
into fully understanding the mechanism of action of bortezomib will help to identify 
therapeutic strategies to overcome resistance to bortezomib and to identify agents to 
enhance its efficacy.  

5. Clinical use of bortezomib in Multiple Myeloma 
5.1 Bortezomib therapy for relapsed or refractory Multiple Myeloma 

Following encouraging preclinical results bortezomib was introduced into clinical trials to 
test for safety and efficacy in relapsed and refractory Multiple Myeloma. These studies 
established that bortezomib was effective and well-tolerated in Multiple Myeloma and led 
to approval of bortezomib in patients that had undergone at least two prior therapies. The 
incorporation of bortezomib into the treatment options for Myeloma represented a 
significant milestone as being the first proteasome inhibitor to be implemented into clinical 
use and also as the first novel therapy for Multiple Myeloma in over a decade. The main 
findings of the trials are outlined below. 

Phase 1 

Orlowski et al. (2002) conducted a Phase 1 trial evaluating the pharmacodynamics of 
bortezomib, along with toxicity and clinical responses in 27 patients with advanced 
refractory haematological malignancies. This study demonstrated that bortezomib could be 
safely administered, with a tolerable side-effect profile. There was significant evidence of 
anti-tumour activity in patients with Multiple Myeloma, with all 9 evaluable Multiple 
Myeloma patients showing some evidence of clinical benefit, including one complete 
response. Taken together with preclinical data this provided the rationale for Phase 2 clinical 
trials with bortezomib for the treatment of relapsed, refractory Myeloma. 

Phase 2 

The activity of bortezomib in relapsed and refractory Multiple Myeloma was confirmed 
with two Phase 2 trials, SUMMIT and CREST. SUMMIT (Study of Uncontrolled Multiple 
Myeloma managed with proteasome Inhibition Therapy) was a large multi-centre trial that 
enrolled 202 heavily pre-treated patients (Richardson et al., 2003). An overall response rate 
of 35% was achieved, including 10% of patients who achieved a complete or near complete 
response. Median time to progression was 7 months compared with 3 months on previous 
therapy. Grade 3 toxicities included cyclical thrombocytopenia, fatigue, peripheral 
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neuropathy and neutropenia. Of these, the most clinically significant was peripheral 
neuropathy. The CREST (Clinical Response and Efficacy Study of PS-341 in the Treatment of 
relapsing Multiple Myeloma) trial was a smaller multicentre study that enrolled 54 patients 
with only one prior treatment (Jagannath et al., 2004). Patients were randomized to receive 
1.0 or 1.3 mg/m2 bortezomib. The overall response rates were 30% for patients receiving 1.0 
mg/m2 and 38% for patients receiving 1.3 mg/m2. Adverse effects were similar to those seen 
in SUMMIT, however, less peripheral neuropathy was seen with reduced dose used in 
CREST. These findings led to the approval of bortezomib by the Food and Drug 
Administration and European Medicines Agency for relapsed/refractory Multiple Myeloma 
patients that had at least 2 prior therapies (Kane et al., 2006). Bortezomib was the first new 
therapy approved for Multiple Myeloma for over a decade.  

Phase 3 

APEX (Assessment of Proteasome inhibition for EXtending remissions) was a Phase 3 study 
of 668 patients with relapsed and refractory Multiple Myeloma after one to three prior 
treatments, who were randomized to receive either bortezomib or high-dose dexamethasone 
(Richardson et al., 2005). Bortezomib induced a better overall response rate than 
dexamethasone (38% vs. 18%), including a 13% vs. 2% complete or near complete response. 
Median time to progression for bortezomib was 6.22 months vs. 3.49 months for 
dexamethasone and overall survival was 29.3 months vs. 23.7 months. The adverse events 
were similar to those observed previously, however the rates of adverse events were higher 
for bortezomib.  

5.2 Bortezomib-based combination therapy in relapsed or refractory Multiple Myeloma 

Early preclinical work demonstrated that bortezomib sensitized Myeloma cells to other 
chemotherapeutic agents and this prompted clinical investigation of bortezomib-based 
combination therapies in relapsed or refractory Multiple Myeloma. Dexamethasone was the 
first agent to be combined with bortezomib in the clinic and is the most common agent to be 
used in bortezomib-based combinations. Both preclinical data and clinical trials showed that 
the combination increased anti-Myeloma activity. Data from the SUMMIT and CREST trials 
demonstrated additional responses in 18% and 33% of patients who received both drugs, 
including patients who had previously been refractory to dexamethasone. Bortezomib has 
since been demonstrated to enhance the activity of many chemotherapeutic agents in 
Multiple Myeloma, demonstrating promising response rates in early clinical trials 
(summarized in Table 1). Larger Phase 3 trials will be required to confirm response and 
survival to these combinations.  

5.3 Bortezomib–based combinations with novel therapies 

The increased understanding of intracellular pathways that are involved in the proliferation 
and survival of Myeloma cells has led to the identification of novel targets for therapeutic 
intervention. Numerous small molecule inhibitors have been developed in recent years, 
targeted against key cellular proteins or signalling pathways that may enhance the anti-
tumour effect of bortezomib, or overcome resistance to bortezomib. These novel small 
molecule compounds include heat shock protein 90 inhibitors, histone deacetylase inhibitors, 
farnesyltransferase inhibitors, Bcl-2 inhibitors, monoclonal antibodies and a number  
of different kinase inhibitors. Many of these novel agents have demonstrated  
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Combination Study  Overall 
Response 

Reference 

Bortezomib & alvocidib Phase 1 44% Holkova et al., 2011 
Bortezomib & tanespimycin Phase 1 27% Richardson  

et al., 2011 
Bortezomib, doxorubicin & intermediate 
dose dexamethasone 

Phase 1  Takamatsu  
et al., 2010 

Bortezomib, cyclophosphamide, thalidomide 
& dexamethasone 

Phase 1 88% Kim et al., 2010 

Bortezomib & vorinostat Phase 1 42% Badros et al., 2009 
Bortezomib & samarium lexidronam Phase 1 21% Berenson et al., 

2009a 
Bortezomib & temsirolimus Phase 1/2 33% Ghobrial  

et al., 2011 
Bortezomib, low dose melphalan & 
dexamethasone 

Phase 1/2 76% Popat et al., 2009 

Bortezomib, arsenic trioxide & ascorbic acid Phase 1/2 27% Berenson  
et al., 2007 

Bortezomib, melphalan, prednisone & 
thalidomide 

Phase 1/2 67% Palumbo et al., 2007 

Bortezomib & melphalan Phase 1/2 68% Berenson  
et al., 2006 

Bortezomib, pegylated liposomal 
doxorubicin & thalidomide 

Phase 2 55% Chanan-Khan  
et al., 2009 

Bortezomib, thalidomide & dexamethasone Phase 2  Pineda-Roman  
et al., 2008 

Bortezomib, melphalan, dexamethasone & 
intermittent thalidomide 

Phase 2 66% Terpos et al., 2008 

Bortezomib, dexamethasone & 
cyclophosphamide 

Phase 2 90% Kropff et al., 2007 

Table 1. Bortezomib-based combination therapy for relapsed/refractory Multiple Myeloma. 

synergistic activity with bortezomib in preclinical studies and are under evaluation in early 
clinical trials in combination with bortezomib.  

5.3.1 Heat shock protein 90 inhibitors 

Heat shock protein 90 is a chaperone that stabilizes numerous proteins that contribute to 
tumour cell survival and proliferation. Inhibition of heat shock protein 90 in Myeloma cells 
results in decreased expression of insulin-like growth factor-1 and interleukin-6 receptors, 
with a related decrease in the PI3K/Akt signalling pathway. Preclinical studies with the 
heat shock protein 90 inhibitor tanespimycin in combination with bortezomib demonstrated 
a synergistic effect and resulted in enhanced accumulation of ubiquitinated proteins 
(Mitsiades et al., 2006). A Phase 1 clinical trial of bortezomib in combination with 
tanespimycin demonstrated significant and durable responses (Richardson et al., 2011) and 
a study of bortezomib in combination with KW-2478 is underway (NCT01063907). 
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used in bortezomib-based combinations. Both preclinical data and clinical trials showed that 
the combination increased anti-Myeloma activity. Data from the SUMMIT and CREST trials 
demonstrated additional responses in 18% and 33% of patients who received both drugs, 
including patients who had previously been refractory to dexamethasone. Bortezomib has 
since been demonstrated to enhance the activity of many chemotherapeutic agents in 
Multiple Myeloma, demonstrating promising response rates in early clinical trials 
(summarized in Table 1). Larger Phase 3 trials will be required to confirm response and 
survival to these combinations.  

5.3 Bortezomib–based combinations with novel therapies 

The increased understanding of intracellular pathways that are involved in the proliferation 
and survival of Myeloma cells has led to the identification of novel targets for therapeutic 
intervention. Numerous small molecule inhibitors have been developed in recent years, 
targeted against key cellular proteins or signalling pathways that may enhance the anti-
tumour effect of bortezomib, or overcome resistance to bortezomib. These novel small 
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synergistic activity with bortezomib in preclinical studies and are under evaluation in early 
clinical trials in combination with bortezomib.  

5.3.1 Heat shock protein 90 inhibitors 

Heat shock protein 90 is a chaperone that stabilizes numerous proteins that contribute to 
tumour cell survival and proliferation. Inhibition of heat shock protein 90 in Myeloma cells 
results in decreased expression of insulin-like growth factor-1 and interleukin-6 receptors, 
with a related decrease in the PI3K/Akt signalling pathway. Preclinical studies with the 
heat shock protein 90 inhibitor tanespimycin in combination with bortezomib demonstrated 
a synergistic effect and resulted in enhanced accumulation of ubiquitinated proteins 
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tanespimycin demonstrated significant and durable responses (Richardson et al., 2011) and 
a study of bortezomib in combination with KW-2478 is underway (NCT01063907). 
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5.3.2 Histone deactylase inhibitors 

Ubiquitinated and misfolded proteins are degraded not only by proteasomes but also by 
aggresomes. Aggresome formation, which is dependent on the histone deacetylase 
HDAC6, is increased in response to inhibition of proteasome function. Histone 
deacetylase inhibitors are a class of compounds that regulate gene expression by 
interfering with the function of histone deacetylases. Preclinical studies demonstrated that 
the combination of bortezomib with a HDAC inhibitor resulted in significant cytotoxicity 
and show a marked accumulation of polyubiquitinated proteins (Catley et al., 2006; 
Nawrocki et al., 2008). A Phase 1 trial of bortezomib and vorinostat in relapsed/refractory 
myeloma demonstrated encouraging results, with an overall response rate of 42%, 
including 3 responses among 9 bortezomib refractory patients (Badros et al., 2009). 
Further trials of bortezomib along with HDAC inhibitors vorinostat and panobinostat are 
currently being investigated. 

5.3.3 Farnesyltransferase inhibitors 

Farnesyltransferase inhibitors block activation of the Ras dependent MAPK signalling 
pathway to regulate signal transduction and proliferation. Combination of the 
farnesyltranserase inhibitors lonafarnib and tipifarnib with bortezomib induced synergistic 
cell death and overcame cell adhesion-mediated drug resistance in Multiple Myeloma cell 
lines and primary cells (David et al., 2005; Yanamandra et al., 2006). David and colleagues 
(2005) observed that this combination resulted in a down-regulation of Akt signalling, an 
effect which was absent when either drug was used alone. Early phase clinical trials 
evaluating bortezomib and tipifarnib combination therapy are ongoing (NCT00243035; 
NCT00972712). 

5.3.4 Bcl-2 inhibitors 

Bcl-2 family members play a critical role in mediating tumour cell survival and 
chemoresistance in Multiple Myeloma. There are a number of small molecule inhibitors 
available that interfere with the function of Bcl-2 proteins and induce apoptosis in Multiple 
Myeloma cells. In preclinical studies, three Bcl-2 inhibitors obatoclax, ABT-737 and ABT-263 
have shown synergistic activity with bortezomib (Chauhan et al., 2007; Trudel et al., 2007; 
Ackler et al., 2010). The combination of bortezomib with a Bcl-2 inhibitor resulted in 
enhanced NOXA-mediated activation of Bak and increased activation of the mitochondrial 
apoptotic pathways. Obatoclax is being investigated in combination with bortezomib in 
early clinical trials (NCT00719901).  

5.3.5 Monoclonal antibodies 

Monoclonal antibody therapy can selectively target specific molecules, proteins or receptors 
involved in disease processes. There are a number of antigens currently under investigation 
as potential targets in Multiple Myeloma in combination with bortezomib. Bevacizumab is a 
monoclonal antibody that is targeted towards vascular endothelial growth factor to disrupt 
angiogenensis (Brekken et al., 2000). The combination of bevacizumab and bortezomib is 
being evaluated in Phase 2 studies for relapsed Myeloma (NCT00464178). Interleukin-6, a 
key intermediate in Multiple Myeloma signalling pathways, is targeted by the chimeric 
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antibody siltuximab. Preclinical evaluation of siltuximab and bortezomib demonstrated 
enhanced cytotoxicity of bortezomib in Myeloma cell lines and primary cells in the presence 
of bone marrow stromal cells (Voorhees et al., 2007). A Phase 2 trial is evaluating this 
combination in relapsed Myeloma (NCT00401843). Elotuzumab is directed towards CS1, a 
cell surface glycoprotein expressed at high levels on Multiple Myeloma cells. This anti-CS1 
antibody demonstrated significantly enhanced anti-tumour activity in combination with 
bortezomib in in vitro and in vivo models of Myeloma (van Rhee et al., 2009) and Phase 1/2 
trials are underway (NCT00726869). AVE1642 is an anti-insulin-like growth factor 1 
antibody that demonstrated synergistic apoptosis in combination with bortezomib in 
preclinical studies (Descamps et al., 2009), however, response rates from a Phase 1 study 
were insufficient to warrant further investigation (Moreau et al., 2011). Early phase clinical 
trials combining bortezomib with anti-chemokine receptor 4 and anti-CD40 antibodies are 
also underway (NCT01359657 and NCT00664898).  

5.3.6 Mammalian target of rapamycin inhibitor 

Mammalian target of rapamycin (mTOR) inhibitors inhibit the mTOR kinase and related 
signalling pathways resulting in decreased expression of cyclins and c-Myc, increased 
expression of p27 and G1 arrest. In vitro studies have demonstrated synergistic action of the 
mTOR inhibitors NVP-BEZ235 and pp242 with bortezomib (Baumann et al., 2009; Hoang et 
al., 2010). A Phase 1/2 study of bortezomib in combination with mTOR inhibitor 
temsirolimus demonstrated a partial response rate of 33% in heavily pre-treated refractory 
Myeloma (Ghobrial et al., 2011). 

5.3.7 Cyclin-dependent kinase inhibitors 

Cyclin-dependent kinase inhibitors are small molecule inhibitors that induce cell cycle 
arrest. Cyclin dependent kinase inhibitors (seliciclib and alvocidib) were shown to be 
synergistic with proteasome inhibitors in leukaemic cell lines (Dai et al., 2003, 2004). A 
subsequent study demonstrated that the cyclin dependent kinase inhibitor PD0332991 
sensitizes an in vivo Multiple Myeloma model to bortezomib through enhanced induction of 
mitochondrial depolarization (Menu et al., 2008). A combination of bortezomib along with 
the cyclin dependent kinase inhibitor alvocidib (flavopiridol) was recently assessed in a 
Phase 1 trial for refractory B-cell malignancies and demonstrated an overall response rate of 
44% with manageable toxicities (Holkova et al., 2011). 

5.3.8 Akt inhibitors 

Perifosine is an alkylphospholipid that inhibits Akt activation and associated growth and 
drug resistance in Multiple Myeloma. As a single agent, perifosine demonstrated significant 
toxicity both in vivo and in vitro and it has also been shown to inhibit bortezomib-induced 
upregulation of survivin resulting in enhanced bortezomib cytotoxicity (Hideshima et al., 
2007). Perifosine is currently being evaluated in a Phase 1/2 study in combination with 
bortezomib with or without dexamethasone in relapsed Myeloma (NCT00401011) and a 
Phase 3 study of perifosine in combination with bortezomib and dexamethasone is currently 
recruiting (NCT01002248).  
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antibody siltuximab. Preclinical evaluation of siltuximab and bortezomib demonstrated 
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cell surface glycoprotein expressed at high levels on Multiple Myeloma cells. This anti-CS1 
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bortezomib in in vitro and in vivo models of Myeloma (van Rhee et al., 2009) and Phase 1/2 
trials are underway (NCT00726869). AVE1642 is an anti-insulin-like growth factor 1 
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preclinical studies (Descamps et al., 2009), however, response rates from a Phase 1 study 
were insufficient to warrant further investigation (Moreau et al., 2011). Early phase clinical 
trials combining bortezomib with anti-chemokine receptor 4 and anti-CD40 antibodies are 
also underway (NCT01359657 and NCT00664898).  

5.3.6 Mammalian target of rapamycin inhibitor 

Mammalian target of rapamycin (mTOR) inhibitors inhibit the mTOR kinase and related 
signalling pathways resulting in decreased expression of cyclins and c-Myc, increased 
expression of p27 and G1 arrest. In vitro studies have demonstrated synergistic action of the 
mTOR inhibitors NVP-BEZ235 and pp242 with bortezomib (Baumann et al., 2009; Hoang et 
al., 2010). A Phase 1/2 study of bortezomib in combination with mTOR inhibitor 
temsirolimus demonstrated a partial response rate of 33% in heavily pre-treated refractory 
Myeloma (Ghobrial et al., 2011). 

5.3.7 Cyclin-dependent kinase inhibitors 

Cyclin-dependent kinase inhibitors are small molecule inhibitors that induce cell cycle 
arrest. Cyclin dependent kinase inhibitors (seliciclib and alvocidib) were shown to be 
synergistic with proteasome inhibitors in leukaemic cell lines (Dai et al., 2003, 2004). A 
subsequent study demonstrated that the cyclin dependent kinase inhibitor PD0332991 
sensitizes an in vivo Multiple Myeloma model to bortezomib through enhanced induction of 
mitochondrial depolarization (Menu et al., 2008). A combination of bortezomib along with 
the cyclin dependent kinase inhibitor alvocidib (flavopiridol) was recently assessed in a 
Phase 1 trial for refractory B-cell malignancies and demonstrated an overall response rate of 
44% with manageable toxicities (Holkova et al., 2011). 

5.3.8 Akt inhibitors 

Perifosine is an alkylphospholipid that inhibits Akt activation and associated growth and 
drug resistance in Multiple Myeloma. As a single agent, perifosine demonstrated significant 
toxicity both in vivo and in vitro and it has also been shown to inhibit bortezomib-induced 
upregulation of survivin resulting in enhanced bortezomib cytotoxicity (Hideshima et al., 
2007). Perifosine is currently being evaluated in a Phase 1/2 study in combination with 
bortezomib with or without dexamethasone in relapsed Myeloma (NCT00401011) and a 
Phase 3 study of perifosine in combination with bortezomib and dexamethasone is currently 
recruiting (NCT01002248).  
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5.3.9 Multi-kinase inhibitors 

Sorafenib and dasatinib are multi-kinase inhibitors that have been shown to enhance anti-
Myeloma activity with bortezomib. Sorafenib inhibits RAF kinase, VEGF receptors, platelet-
derived growth factor β, Flt-3, c-Kit and RET receptor tyrosine kinases. The combination of 
sorafenib and bortezomib produced synergistic apoptosis in a number of malignant cell 
lines and was dependent on Akt inhibition (Yu et al., 2006). This combination is currently 
being investigated in a Phase 1/2 trial in relapsed Myeloma (NCT00536575). Dasatinib is an 
inhibitor of c-abl, src family proteins, EphA2 and btk. The triple combination of dasatinib 
along with bortezomib and dexamethasone produced greater synergistic effects compared 
to single agents or double combinations in Multiple Myeloma cell line models and primary 
cells (de Queiroz Crusoe et al., 2011). A Phase 1 study combining all three agents in relapsed 
or refractory Myeloma has recently been completed (NCT00560352). 

5.3.10 Other combinations  

The combination of bortezomib with second generation immunomodulatory drug 
pomalidomide (NCT01212952), telomerase inhibitor GRN163L (NCT00718601), aurora A 
kinase inhibitor MLN8237 (Gorgun et al., 2010; NCT01034553), p38 mitogen-activated kinase 
inhibitor SCIO-469 (Navas et al., 2006; NCT00095680) and protease inhibitor nelfinavir 
mesylate (NCT01164709) are all being evaluated in early clinical trials. In addition there are 
numerous more novel targeted therapies under preclinical assessment in combination with 
proteasome inhibitors.  

5.4 Bortezomib in front-line therapy 

For over 40 years melphalan and prednisone was the standard therapy for patients with 
newly diagnosed Multiple Myeloma that were ineligible for high-dose therapy and 
autologous stem cell transplantation. Following encouraging activity of bortezomib 
combined with melphalan in patients with relapsed or refractory Myeloma, bortezomib plus 
melphalan and prednisone was evaluated in a Phase 1/2 trial for newly diagnosed Myeloma 
patients who were at least 65 years of age. The combination gave a response rate of 89% and 
a median time to progression of 27 months. This led to the Phase 3 trial VISTA (Velcade as 
Initial Standard Therapy in Multiple Myeloma), which compared bortezomib, melphalan 
and prednisone with melphalan and prednisone in newly diagnosed Myeloma patients who 
were ineligible for high-dose therapy. Results of this trial demonstrated that when 
bortezomib was included in the regimen the overall response rate increased from 30% to 
71% and the time to progression was 24 months compared with 16.6 months (San Miguel et 
al., 2008). There was also fewer bone disease events, improvement in bone remodelling and 
evidence of bone healing. These results suggested a benefit for bortezomib at earlier use and 
provided the framework for approval of bortezomib for use as front-line therapy. 

In newly diagnosed patients who were candidates for high-dose therapy with autologous 
stem cell transplantation, the combination of vincristine, doxorubicin and dexamethasone 
was the standard induction therapy. Four randomized trials evaluated the role of 
bortezomib–based combinations for induction therapy in transplant candidates. Bortezomib 
was combined with dexamethasone (Harousseau et al., 2010), with adriamycin and 
dexamethasone (Popat et al., 2008), with thalidomide and dexamethasone (Cavo et al., 2010) 
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and with thalidomide, dexamethasone and chemotherapy (Barlogie et al., 2007). The 
bortezomib-based combinations all demonstrated superior response rates than the regimens 
without bortezomib. A number of other combinations incorporating bortezomib for both 
transplant eligible and ineligible patients are in clinical trials and are achieving overall 
response rates of up to 100% (Table 2).  
 

Combination Study Phase Overall 
Response 

Reference 

Bortezomib, thalidomide & 
chemotherapy 

Phase 1 83% Badros et al., 2006 

Bortezomib, dexamethasone, 
cyclophosphamide & lenalidomide 

Phase 1 96% Kumar et al., 2010 

Bortezomib, doxorubicin & 
dexamethasone 

Phase 1/2 89/95% Popat et al., 2008 

Bortezomib, lenalidomide & 
dexamethasone 

Phase 1/2 100% Richardson et al., 2010 

Bortezomib, melphalan & prednisone Phase 1/2 95% Gasparetto et al., 2010 
Bortezomib & melphelan Phase 1/2 87% Lonial et al., 2010 
Bortezomib, lenanlidomide, 
pegylated liposomal doxorubicin & 
dexamethasone 

Phase 1/2 96% Jakubowiak et al., 2011 

Bortezomib & dexamethasone Phase 2 66% Harousseau et al., 2006 
Alternating bortezomib & 
dexamethasone 

Phase 2 68% Rosinol et al., 2007 

Bortezomib, cyclophosphamide & 
dexamethasone  

Phase 2 88% Reeder et al., 2009 

Bortezomib, ascorbic acid & 
melphalan 

Phase 2 74% Berenson et al., 2009b 

Bortezomib, pegylated liposomal 
doxorubicin & dexamethasone 

Phase 2 85% Jakubowaik et al., 2009 

Bortezomib & high dose melphalan Phase 2 70% Roussel et al., 2010 
Bortezomib, cyclophosphamide & 
dexamethasone 

Phase 2 95% Besinger et al., 2010 

Bortezomib & dexamethasone Phase 2 86% Corso et al., 2010 
Vincristine, adriamycin & 
dexamethasone followed by 
bortezomib, thalidomide & 
dexamethasone 

Phase 2 75% Kim et al., 2011 

Bortezomib & thalidomide Phase 2 82% Ghosh et al., 2011 
Bortezomib, pegylated liposomal 
doxorubicin & thalidomide 

Phase 2 78% Sher et al., 2011 

Bortezomib, thalidomide & 
dexamethasone 

Phase 3 31% Cavo et al., 2010 

Bortezomib & dexamethasone Phase 3 79% Harousseau et al., 2010 

Table 2. Bortezomib-based combinations for induction and front-line therapy. 
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and with thalidomide, dexamethasone and chemotherapy (Barlogie et al., 2007). The 
bortezomib-based combinations all demonstrated superior response rates than the regimens 
without bortezomib. A number of other combinations incorporating bortezomib for both 
transplant eligible and ineligible patients are in clinical trials and are achieving overall 
response rates of up to 100% (Table 2).  
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Table 2. Bortezomib-based combinations for induction and front-line therapy. 
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6. Resistance to bortezomib 
Despite the clinical success of bortezomib, many patients with Multiple Myeloma are 
unresponsive and drug resistance can also develop (Dispenzieri et al., 2010). The 
mechanisms underlying this drug resistance, both intrinsic and acquired, are as yet poorly 
understood. 

Resistance to proteasome inhibitors may occur either at the level of the proteasome complex 
or in the downstream signalling pathways. Several researchers have approached this 
problem by growing cell lines in increasing concentration of bortezomib. Ri et al. (2010) 
found a unique point mutation in the proteasome β5 subunit (PSMB5) in bortezomib 
resistant Multiple Myeloma cell lines. Using overexpression studies they demonstrated that 
the mutation may act by interfering with the Unfolded Protein Response pathway. 
Shaughnessy and colleagues have recently applied gene expression studies to a group of 142 
Multiple Myeloma patients and identified PSMD4 as associated with adverse response to 
bortezomib; PSMD4 is one of the non-ATPase subunits of the proteasome 19S regulator 
(Shaughnessy et al., 2011). 

The anti-tumour effects of bortezomib have been mainly attributed to its’ actions on the 
NFκB and Bcl-2 regulatory protein pathways. It is not therefore surprising that 
polymorphisms of the NFκB family genes have been associated with treatment outcome in 
Multiple Myeloma patients. Studies with lymphoid cell lines have recently shown 
Noxa/Bcl-2 interactions contribute to bortezomib resistance (Smith et al., 2011) and there 
have been similar reports in Mantle Cell Lymphoma cell lines (Weniger et al., 2011); there is 
no supporting clinical evidence as yet. Overexpression of apoptosis regulators REDD1 and 
survivin have also been associated with bortezomib resistance in cell line models (Decaux et 
al., 2010; Ling et al., 2010). 

In cases where drug resistance is directly associated with the proteasome enzymatic 
complex it may be possible to overcome resistance by using second generation inhibitors 
which act through a different mechanism to bortezomib (Ruschak et al., 2011; Arastu-Kapur 
et al., 2011; Chauhan et al., 2011). Knowledge of the resistance mechanism may also allow 
rational design of future combination therapies. 

7. Second generation inhibitors 
The success of bortezomib in the clinic prompted the development of a new generation of 
structurally distinct proteasome inhibitors. In addition to bortezomib, there are currently 
five proteasome inhibitors in clinical development, representing three different structural 
classes - peptide boronic acids, peptide epoxyketones and β-lactones (Figure 2). These 
inhibitors bind either reversibly or irreversibly to catalytic sites within the proteasome. 

7.1 Carfilzomib 

Epoxomicin, a member of the epoxyketone family of natural peptide proteasome inhibitors, 
inhibits proteasome activity through a unique mechanism, by binding to both the hydroxyl 
and amino groups of the catalytic site threonine residue (Groll & Huber, 2004). Carfilzomib 
(formerly PR-171) is an epoxomicin-based proteasome inhibitor, with improved 
pharmaceutical properties. Unlike bortezomib, carfilzomib binds irreversibly to the 
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chymotrypsin-like (β5 and LMP7) subunit, leading to more sustained proteasome inhibition. 
In preclinical studies carfilzomib was shown to exhibit equal potency but greater selectivity 
than bortezomib for the chymotrypsin-like activity. In vitro and in vivo studies demonstrated 
anti-tumour activity, tolerability and dosing flexibility in several xenograft models (Kuhn et 
al., 2007; Demo et al., 2007). Carfilzomib has also been shown to act synergistically with 
histone deacetylase inhibitors in vitro in lymphoma and leukaemia (Fuchs et al., 2009; 
Dasmahapatra et al., 2010; 2011). Results from Phase 1 studies in patients with 
haematological malignancies demonstrated that carfilzomib was well tolerated and may 
exhibit less peripheral neuropathy than bortezomib (O’Connor et al., 2009). Phase 2 trials of 
carfilzomib as a single agent in relapsed and refractory Multiple Myeloma demonstrated an 
overall response rate of 35.5% including patients with bortezomib-refractory disease. 
(Zangari et al., 2011) The main toxicities were fatigue and nausea, with limited peripheral 
neuropathy seen in less than 10% of patients. Carfilzomib is currently progressing in a 
number of trials for relapsed and newly diagnosed Multiple Myeloma and as both a single 
agent and in combination.  

7.2 Marizomib (NPI-0052) 

Marizomib, also known as Salinosporamide A, is a β-lactone compound derived from the 
marine bacterium Salinospora tropica (Macherla et al., 2005) and is structurally related to the 
lactacystin-derived proteasome inhibitor Omuralide. In contrast to bortezomib which is a 
slowly reversible inhibitor of chymotrypsin-like activity, marizomib binds irreversibly to all 
three catalytic activities of the proteasome. While bortezomib is administered intravenously, 
marizomib has the advantage of being orally bioactive. Initial in vitro studies established the 
effectiveness of this compound in Multiple Myeloma cell lines, including those that were 
resistant to bortezomib (Chauhan et al., 2005). Animal tumour model studies demonstrated 
reduced tumour growth without significant toxicity (Chauhan et al., 2005; Singh et al., 2010). 
Preclinical studies demonstrated synergistic results when marizomib was combined with 
bortezomib or lenalidomide (Chauhan et al., 2008; 2010a). Phase 1 trials of marizomib in 
Myeloma are currently ongoing. Marizomib displays a broader, faster acting and more 
durable proteasome inhibition than bortezomib and treatment does not appear to induce the 
limiting toxicities associated with bortezomib, such as peripheral neuropathy and 
thrombocytopenia.  

7.3 MLN9708/MLN2238 

MLN9708 like bortezomib is also a boron containing peptide proteasome inhibitor and was 
selected from a panel of inhibitors based on having a biochemical profile distinct from that 
of bortezomib. MLN9708 hydrolyses immediately in plasma to its biologically active form 
MLN2238. MLN2238 displays similar potency and selectivity for the chymotrypsin-like 
proteasome subunit, however, it has a substantially shorter half-life than bortezomib which 
may improve tissue distribution. Cell viability studies revealed a strong anti-proliferative 
effect on a variety of tumour cell lines and in vivo studies have demonstrated efficacy in 
human prostate xenograft, colon cancer and lymphoma models where both intravenous and 
oral dosing were effective (Kupperman et al., 2010). MLN2238 has been demonstrated to 
induce apoptosis in cells resistant to both conventional therapies and to bortezomib. 
Synergistic activity is seen by combining this compound with lenelidomide, HDAC 
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6. Resistance to bortezomib 
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chymotrypsin-like (β5 and LMP7) subunit, leading to more sustained proteasome inhibition. 
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histone deacetylase inhibitors in vitro in lymphoma and leukaemia (Fuchs et al., 2009; 
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inhibitors and dexamethasone in vitro. It is well tolerated in plasmacytoma xenograft mouse 
models and demonstrates significantly longer survival time than mice treated with 
bortezomib (Chauhan et al., 2011). This compound is currently being evaluated in Phase 1 
studies in patients with lymphoma and non-haematological malignancies and in Phase 1/2 
trials for Multiple Myeloma.  

7.4 CEP-18770 

CEP-18770 is a next-generation boronic acid-based proteasome inhibitor and in common 
with bortezomib it is a reversible inhibitor, primarily of the chymotrypsin-like activity. CEP-
18770 was demonstrated to induce apoptosis in Multiple Myeloma cell lines and primary 
Myeloma cells, while displaying a favourable cytotoxicity profile towards normal cells (Piva 
et al., 2008; Dorsey et al., 2008). Its anti-tumour activity was demonstrated in several animal 
tumour models and it has been shown to demonstrate marked anti-Myeloma effects in 
combination with bortezomib and melphalan (Sanchez et al., 2010). CEP-18770 has 
completed early Phase 1 trials for solid tumours and non-Hodgkin’s lymphoma and is 
currently being evaluated in Phase 1/2 trials for Multiple Myeloma. 

7.5 ONX0912 

ONX0912 (formerly PR-047) is a novel orally available analogue of the proteasome inhibitor 
carfilzomib. Carfilzomib, in common with bortezomib, is administered intravenously, 
however, proteasome inhibitor therapy requires twice weekly dosing and therefore an orally 
available inhibitor would be more advantageous. ONX0912 has demonstrated similar anti-
tumour activity to carfilzomib in vitro in cell lines and primary cells and enhanced the anti-
Myeloma activity of bortezomib, lenolidomide and histone deacetylase inhibitors; animal 
models of Multiple Myeloma, non-Hodgkin’s lymphoma and colorectal cancer 
demonstrated reduced tumour progression and prolonged survival (Zhou et al., 2009; 
Roccaro et al., 2010; Chauhan et al., 2010b). A Phase 1 trial of ONX0912 in advanced solid 
tumours is currently recruiting. 

7.6 Immunoproteasome Inhibitors 

A novel approach that is looking promising is the use of proteasome inhibitors that 
specifically inhibit catalytic activities of the immunoproteasome. Immunoproteasomes are 
constitutively expressed in immune tissues and expressed at a much lower level in other cell 
types. Thus targeting immunoproteasomes confers a certain amount of specificity and 
provides an opportunity to overcome toxicities associated with proteasome inhibition, such 
as peripheral neuropathy and gastrointestinal effects. A number of immunoproteasome 
specific inhibitors have recently been described and exhibit encouraging preclinical activity 
in haematological malignancies. PR-924 is a tripeptide epoxyketone related to carfilzomib. It 
exhibits 100-fold greater selectivity for the LMP7 subunit than carfilzomib and was 
demonstrated to inhibit the growth of Multiple Myeloma cell lines and primary tumour cells 
and inhibited tumour growth in animal models without significant toxicity (Singh et al., 
2010). The immunoproteasome inhibitor IPSI-101 is a peptide aldehyde which preferentially 
inhibits the LMP2 subunit. IPSI-101 induced accumulation of polyubiquitinated proteins 
and pro-apoptotic protein and inhibited proliferation in in vitro models of haematological 
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malignancies (Kuhn et al., 2009). At the time of writing this review there were no clinical 
trials of immunoproteasome inhibitors in progress, however, it is likely that the encouraging 
preclinical data on PR-924 and ISPS-101 will form the basis for future clinical evaluation of 
these compounds. 

 
Fig. 2. Structure and class of proteasome inhibitors in clinical trials. 

8. Conclusion 
Proteasome Inhibitors have provided a major new therapeutic strategy for the treatment of 
Multiple Myeloma. Bortezomib, the first-in-class of these inhibitors, has shown remarkable 
success since its introduction almost ten years ago. Second generation compounds are 
already demonstrating increased selectivity with a more acceptable therapeutic window. 
Researchers are turning to other parts of the Ubiquitin Proteasome Pathway to look for 
potential druggable targets which would confer greater specificity. The E3 ligases play a key 
role in substrate selection and the Pharma already have agents in their pipeline which show 
promise in modifying their action. Modulation of the Ubiquitin Proteasome Pathway with 
novel inhibitors offers a powerful approach to Myeloma therapy. 
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1. Introduction 
The concept of immune surveillance posits innate and adaptive immune cell mediated 
recognition and elimination of tumor cells, which express either tumor specific antigens 
or molecules by cellular stress. Both innate and adaptive immunity are important to 
inhibit tumor formation and rejection of transplanted tumors (Dunn et al., 2004; Pardoll, 
2003). Despite immune surveillance, tumors do progress. Therefore, new concept 
immunoediting provides complete explanation of immune system in cancers. 
Immunoediting has three phases against tumors including elimination, equilibrium and 
escape (Swann & Smyth, 2007). Elimination phase is similar to immune surveillance, 
where the immune system detects tumor cells and kills them. In the equilibrium phase, 
tumor cells become dormant, and the immune system selectively destroys susceptible 
tumor clones and prevents tumor progression. In the escape phase, immune responses fail 
to suppress the tumor growth which leads to development of tumor variants that are 
resistant to anti-tumor responses. The major immune cells involved in targeting the tumor 
mass are CD8 T cells (MHC I dependent) and NK cells (MHC I independent/deficient) 
(Pardoll, 2003; Smyth et al., 2000, 2001). Perforin and Fas/FasL pathways constitute for 
contact-mediated cytotoxicity represented by NK and CD8 T cells (Lieberman, 2003; 
Russell & Ley, 2002). Also, other pathways play an important role in tumor elimination, 
such as IFN-γ and IFN-α/β. Regulatory T cells have been initially described in studies by 
Sakaguchi et al who proved the role of (CD4+CD25+) regulatory T (Treg) cells in 
maintaining the tolerance against self-antigens (Sakaguchi et al., 1995, 2004, 2008). Treg 
cells have been shown to contain distinct populations (Table 1) which are able to actively 
suppress the function of other immune cells, including CD4+CD25- T cells, CD8 T cells, 
dendritic cells, macrophages, B cells, NK cells and NKT cells (Azuma et al., 2003; Chen, 
2006; Lim et al., 2005; Murakami et al., 2002; Romagnani et al., 2005; Trzonkowski et al., 
2004). Several studies recently proved that Treg cells could induce tolerance against 
tumors (Nagai et al., 2004; von Boehmer, 2005; Yamaguchi & Sakaguchi, 2006). Also, 
studies addressed the expansion of Treg cells in various non-hematological and 
hematological malignancies (Beyer & Schultze, 2006b). Treg cells were also proved to 



 
Multiple Myeloma – An Overview 

 

32

Yu, C., B. B. Friday, J. P. Lai, L. Yang, J. Sarkaria, N. E. Kay, C. A. Carter, L. R. Roberts, S. H. 
Kaufmann, and A. A. Adjei. 2006. Cytotoxic synergy between the multikinase 
inhibitor sorafenib and the proteasome inhibitor bortezomib in vitro: Induction of 
apoptosis through akt and c-jun NH2-terminal kinase pathways. Molecular Cancer 
Therapeutics 5 (9) (Sep): 2378-87.  

Zangari, M., M. Aujay, F. Zhan, K. L. Hetherington, T. Berno, R. Vij, S. Jagannath, et al. 2011. 
Alkaline phosphatase variation during carfilzomib treatment is associated with 
best response in multiple myeloma patients. European Journal of Haematology 86 (6) 
(Jun): 484-7.  

Zhou, H. J., M. A. Aujay, M. K. Bennett, M. Dajee, S. D. Demo, Y. Fang, M. N. Ho, et al. 2009. 
Design and synthesis of an orally bioavailable and selective peptide epoxyketone 
proteasome inhibitor (PR-047). Journal of Medicinal Chemistry 52 (9) (May 14): 3028-
38.  

2 

Regulatory Cells and Multiple Myeloma 
Karthick Raja Muthu Raja1,2 and Roman Hajek1,2,3 

1Babak Myeloma Group, Department of Pathological Physiology,  
Faculty of Medicine, Masaryk University, Brno,  
2Department of Molecular and Cellular Biology,  

Faculty of Science, Masaryk University, Brno,  
3Department of Internal Medicine- Hematooncology,  

Faculty Hospital, Brno,  
Czech Republic 

1. Introduction 
The concept of immune surveillance posits innate and adaptive immune cell mediated 
recognition and elimination of tumor cells, which express either tumor specific antigens 
or molecules by cellular stress. Both innate and adaptive immunity are important to 
inhibit tumor formation and rejection of transplanted tumors (Dunn et al., 2004; Pardoll, 
2003). Despite immune surveillance, tumors do progress. Therefore, new concept 
immunoediting provides complete explanation of immune system in cancers. 
Immunoediting has three phases against tumors including elimination, equilibrium and 
escape (Swann & Smyth, 2007). Elimination phase is similar to immune surveillance, 
where the immune system detects tumor cells and kills them. In the equilibrium phase, 
tumor cells become dormant, and the immune system selectively destroys susceptible 
tumor clones and prevents tumor progression. In the escape phase, immune responses fail 
to suppress the tumor growth which leads to development of tumor variants that are 
resistant to anti-tumor responses. The major immune cells involved in targeting the tumor 
mass are CD8 T cells (MHC I dependent) and NK cells (MHC I independent/deficient) 
(Pardoll, 2003; Smyth et al., 2000, 2001). Perforin and Fas/FasL pathways constitute for 
contact-mediated cytotoxicity represented by NK and CD8 T cells (Lieberman, 2003; 
Russell & Ley, 2002). Also, other pathways play an important role in tumor elimination, 
such as IFN-γ and IFN-α/β. Regulatory T cells have been initially described in studies by 
Sakaguchi et al who proved the role of (CD4+CD25+) regulatory T (Treg) cells in 
maintaining the tolerance against self-antigens (Sakaguchi et al., 1995, 2004, 2008). Treg 
cells have been shown to contain distinct populations (Table 1) which are able to actively 
suppress the function of other immune cells, including CD4+CD25- T cells, CD8 T cells, 
dendritic cells, macrophages, B cells, NK cells and NKT cells (Azuma et al., 2003; Chen, 
2006; Lim et al., 2005; Murakami et al., 2002; Romagnani et al., 2005; Trzonkowski et al., 
2004). Several studies recently proved that Treg cells could induce tolerance against 
tumors (Nagai et al., 2004; von Boehmer, 2005; Yamaguchi & Sakaguchi, 2006). Also, 
studies addressed the expansion of Treg cells in various non-hematological and 
hematological malignancies (Beyer & Schultze, 2006b). Treg cells were also proved to 
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inversely correlate with outcome of various cancers, including gastric malignancies, 
ovarian and breast cancers (Curiel et al., 2004; Merlo et al., 2009; Sasada et al., 2003). 
However, it appears that in certain diseases, such as follicular lymphoma and Hodgkin’s 
lymphoma, higher number of FoxP3+ cells correlate with better survival (Alvaro et al., 
2005; Carreras et al., 2006).  

Multiple myeloma is a plasma cell proliferative disorder and the second most common 
hematological malignancy standing next to lymphoma (Kyle & Rajkumar, 2008). Multiple 
myeloma is clinically characterized by ≥ 10% of plasma cell infiltration in the bone 
marrow, ≥ 30g/L of monoclonal protein and presence of CRAB symptoms 
(hypercalcemia, renal insufficiency, anemia and bone lytic lesions) (Raja et al., 2010). It has 
been proved that B and T lymphocyte populations in multiple myeloma significantly 
associate with survival (Kay et al., 2001). Multiple myeloma patients commonly present 
with defects in numbers and function of various immune cells including dendritic cells, B 
cells, T cells and NK cells (Pratt et al., 2007). Concept of immunoediting also fits in 
multiple myeloma because of its several stages, starting from premalignant stage known 
as monoclonal gammopathy of undetermined significance to symptomatic stage (Swann 
& Smyth, 2007). Elimination phase of immunoediting has been explained in premalignant 
stage of myeloma, where strong T cell response was observed against the tumor clone 
compared to malignant stage (Dhodapkar, 2005). Followed by surveillance, T cells patrol 
the premalignant clone (equilibrium) and finally lose responses against malignant clones 
which lead to symptomatic myeloma (escape) (Dhodapkar et al., 2003). Recently, in 
multiple myeloma several studies showed elevated level of Treg cells; these cells were 
functionally active in suppressing the function of naïve T cells. In this chapter, we focus 
on describing general aspects of Treg cells, including subtypes, functions, migration and 
induction of tolerance at tumor microenvironment. Then, we discuss the role of CD4 Treg 
cells in multiple myeloma and their association with stages and survival, and influence of 
immunomodulatory drugs on multiple myeloma patient’s Treg cells. Additionally, we 
discuss the role of Th17 cells, CD8 Treg cells and myeloid-derived suppressor cells 
(MDSCs) in multiple myeloma. 

2. Phenotypic characterizations of regulatory T cells in humans 
In mice, CD4 Treg cells can be easily characterized as CD4+FoxP3+ and high expression of 
CD25 (Sakaguchi et al., 1995). However, identification of human Treg cells is ambiguous 
because approximately 1-2 % of CD25 expressing T cells are functional Treg cells (Allan et 
al., 2005; Baecher-Allan et al., 2001). Isolation of CD25hi T cells excludes FoxP3 low and 
CD25 low/intermediate Treg cells which are found to be naïve Treg cell population 
(CD45RA+/CD45RO-). Unclear identification of CD25 (intermediate and high) expression 
on CD4 Treg cells influence the reproducibility of results in various disorders. Several 
groups suggested that negative expression of CD127 in Treg cells might help in 
characterization. But it will not ensure the accurate identification of Treg cells because 
activated CD4 T cells are also CD127- (Liu et al., 2006; Seddiki et al., 2006). Alternatively, 
CD62L expression could differentiate the recently activated CD4 T cells (CD62L low) and 
Treg cells (CD25hi+CD62L+CD127low) but CD62L expression is not solely restricted to 
Treg cells (Hamann et al., 2000). Characterization of Treg cells using the CD127 and CD25 
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does not exclude the non-regulatory Foxp3 expressing T cells. These cells express 
CD45RO, lack suppressive ability and secrete pro-inflammatory cytokines IL-2, IFN-γ and 
IL-17 (Miyara et al., 2009). In conclusion, heterogenic expression of FoxP3 by non-
regulatory and Treg cells precludes the inclusion of FoxP3 as a sole marker in humans to 
characterize the Treg cells. 

3. Types and functions of T regulatory cells 
The existence of Treg cells was uncovered more than four decades ago in studies showing 
that neonatally thymectomized mice developed autoimmunity, which could be prevented 
by reconstitution with CD4 T cells (Nishizuka & Sakakura, 1969; Sakaguchi et al., 1982). 
Further work characterized these Treg cells as CD4+ T cells expressing high levels of IL-2 
receptor α chain (Sakuguchi et al., 1995). Fontenot et al determined that in mice, forkhead 
transcription factor FoxP3 is a specific marker of Treg cells and a master regulator in 
development and function of Treg cells (Fontenot et al., 2003). Types and functions of 
various Treg cells are summarized in Table 1 and Table 2. 
 

Types Origin Functions References 

CD4+ natural 
regulatory  

T cells 

Arise in thymus 
and disseminate to 

periphery; 
constitute about 
10%-15% of CD4 

cells 

In mice, depletion of these cells leads 
to autoimmunity. In humans, 

mutation in FoxP3 gene located on  
X chromosome leads to fatal immune 

disorder IPEX syndrome (Immune 
dysregulation, 

Polyendocrinopathy, Enteropathy,  
X-linked syndrome) 

Gambineri  
et al., 2003. 

CD4+ Tr1 
regulatory 

cells 
Periphery 

Induced in the periphery from naïve 
T cells in the presence of IL-10. These 

cells lack FoxP3 expression but 
secrete IL-10 and TGF-β. 

Groux  
et al., 1997;  

Vieira  
et al., 2004 

CD4+ Th3 
cells Periphery 

Induced in the periphery from naïve 
T cells in the presence of TGF-β. 

Suppression is mediated by TGF-β. 
Rare Th3 cells express FoxP3 

molecule due to induction  
by TGF-β. 

Apostolou & 
von Boehmer, 

2004;  
Chen et al., 

2003. 

Double 
negative Treg 

cells 
Periphery 

In mice and humans these cells 
constitute about 1%-3% and 1%, 

respectively. Double negative Treg 
cells inhibit T cell activation and 

proliferation in an antigen specific 
manner. 

Fischer  
et al., 2005. 

γδ T cells Infiltrate into tumor 
site (breast cancer)

Suppress naïve and effector T cell 
responses and inhibit maturation and 

function of dendritic cells. 

Peng  
et al., 2007. 
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inversely correlate with outcome of various cancers, including gastric malignancies, 
ovarian and breast cancers (Curiel et al., 2004; Merlo et al., 2009; Sasada et al., 2003). 
However, it appears that in certain diseases, such as follicular lymphoma and Hodgkin’s 
lymphoma, higher number of FoxP3+ cells correlate with better survival (Alvaro et al., 
2005; Carreras et al., 2006).  

Multiple myeloma is a plasma cell proliferative disorder and the second most common 
hematological malignancy standing next to lymphoma (Kyle & Rajkumar, 2008). Multiple 
myeloma is clinically characterized by ≥ 10% of plasma cell infiltration in the bone 
marrow, ≥ 30g/L of monoclonal protein and presence of CRAB symptoms 
(hypercalcemia, renal insufficiency, anemia and bone lytic lesions) (Raja et al., 2010). It has 
been proved that B and T lymphocyte populations in multiple myeloma significantly 
associate with survival (Kay et al., 2001). Multiple myeloma patients commonly present 
with defects in numbers and function of various immune cells including dendritic cells, B 
cells, T cells and NK cells (Pratt et al., 2007). Concept of immunoediting also fits in 
multiple myeloma because of its several stages, starting from premalignant stage known 
as monoclonal gammopathy of undetermined significance to symptomatic stage (Swann 
& Smyth, 2007). Elimination phase of immunoediting has been explained in premalignant 
stage of myeloma, where strong T cell response was observed against the tumor clone 
compared to malignant stage (Dhodapkar, 2005). Followed by surveillance, T cells patrol 
the premalignant clone (equilibrium) and finally lose responses against malignant clones 
which lead to symptomatic myeloma (escape) (Dhodapkar et al., 2003). Recently, in 
multiple myeloma several studies showed elevated level of Treg cells; these cells were 
functionally active in suppressing the function of naïve T cells. In this chapter, we focus 
on describing general aspects of Treg cells, including subtypes, functions, migration and 
induction of tolerance at tumor microenvironment. Then, we discuss the role of CD4 Treg 
cells in multiple myeloma and their association with stages and survival, and influence of 
immunomodulatory drugs on multiple myeloma patient’s Treg cells. Additionally, we 
discuss the role of Th17 cells, CD8 Treg cells and myeloid-derived suppressor cells 
(MDSCs) in multiple myeloma. 

2. Phenotypic characterizations of regulatory T cells in humans 
In mice, CD4 Treg cells can be easily characterized as CD4+FoxP3+ and high expression of 
CD25 (Sakaguchi et al., 1995). However, identification of human Treg cells is ambiguous 
because approximately 1-2 % of CD25 expressing T cells are functional Treg cells (Allan et 
al., 2005; Baecher-Allan et al., 2001). Isolation of CD25hi T cells excludes FoxP3 low and 
CD25 low/intermediate Treg cells which are found to be naïve Treg cell population 
(CD45RA+/CD45RO-). Unclear identification of CD25 (intermediate and high) expression 
on CD4 Treg cells influence the reproducibility of results in various disorders. Several 
groups suggested that negative expression of CD127 in Treg cells might help in 
characterization. But it will not ensure the accurate identification of Treg cells because 
activated CD4 T cells are also CD127- (Liu et al., 2006; Seddiki et al., 2006). Alternatively, 
CD62L expression could differentiate the recently activated CD4 T cells (CD62L low) and 
Treg cells (CD25hi+CD62L+CD127low) but CD62L expression is not solely restricted to 
Treg cells (Hamann et al., 2000). Characterization of Treg cells using the CD127 and CD25 
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does not exclude the non-regulatory Foxp3 expressing T cells. These cells express 
CD45RO, lack suppressive ability and secrete pro-inflammatory cytokines IL-2, IFN-γ and 
IL-17 (Miyara et al., 2009). In conclusion, heterogenic expression of FoxP3 by non-
regulatory and Treg cells precludes the inclusion of FoxP3 as a sole marker in humans to 
characterize the Treg cells. 

3. Types and functions of T regulatory cells 
The existence of Treg cells was uncovered more than four decades ago in studies showing 
that neonatally thymectomized mice developed autoimmunity, which could be prevented 
by reconstitution with CD4 T cells (Nishizuka & Sakakura, 1969; Sakaguchi et al., 1982). 
Further work characterized these Treg cells as CD4+ T cells expressing high levels of IL-2 
receptor α chain (Sakuguchi et al., 1995). Fontenot et al determined that in mice, forkhead 
transcription factor FoxP3 is a specific marker of Treg cells and a master regulator in 
development and function of Treg cells (Fontenot et al., 2003). Types and functions of 
various Treg cells are summarized in Table 1 and Table 2. 
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CD4+ natural 
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Arise in thymus 
and disseminate to 
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constitute about 
10%-15% of CD4 

cells 

In mice, depletion of these cells leads 
to autoimmunity. In humans, 

mutation in FoxP3 gene located on  
X chromosome leads to fatal immune 

disorder IPEX syndrome (Immune 
dysregulation, 

Polyendocrinopathy, Enteropathy,  
X-linked syndrome) 

Gambineri  
et al., 2003. 

CD4+ Tr1 
regulatory 

cells 
Periphery 

Induced in the periphery from naïve 
T cells in the presence of IL-10. These 

cells lack FoxP3 expression but 
secrete IL-10 and TGF-β. 

Groux  
et al., 1997;  

Vieira  
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CD4+ Th3 
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Suppression is mediated by TGF-β. 
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by TGF-β. 

Apostolou & 
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2004;  
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negative Treg 
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In mice and humans these cells 
constitute about 1%-3% and 1%, 

respectively. Double negative Treg 
cells inhibit T cell activation and 

proliferation in an antigen specific 
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Fischer  
et al., 2005. 
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site (breast cancer)

Suppress naïve and effector T cell 
responses and inhibit maturation and 
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Peng  
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Types Origin Functions References 

CD8 
regulatory  

T cells 

Most of CD8 Treg 
cells are induced by 

antigen- specific 
manner 

There are several subsets of CD8 Treg 
cells: Qa-1 specific CD8 Treg cells 

suppress autoreactive T cells 
expressing Qa-1 molecule associated 
with self peptide. CD8+CD28- Treg 
cells express FoxP3α molecule and 

suppress other cells via contact 
dependent mechanism. CD8+CD25+ 
Treg cells suppress both naïve CD4 

and CD8 T cells by contact dependent 
or independent (IL-10) mechanisms. 

CD8+CD25+ Treg cells mostly 
accumulate in the tumor bed rather 

than peripheral 
tissues. 

Filaci  
et al., 2007; 

Kiniwa  
et al., 2007; 

Sarantopoulos 
et al., 2004; 

Wang, 2008. 
 

Table 1. Subsets of T regulatory cells 
 

Functions of 
Treg cells Mechanism of Suppression References 

Inhibitory 
cytokines 

Mainly cytokines such as IL-10, TGF- β and IL-35 secreted 
by Treg cells are involved in inhibitory function. Chen et al 

proved in murine colon carcinoma IL-10 induced 
suppression of tumor specific CD8 T cell immunity. 

Peptide inhibitor targeted against the surface TGF-β on 
Treg cells abrogated their function and enhanced anti-

tumor response. In mouse model of inflammatory bowel 
disease, it was shown that IL-35 played a role in severity of 

inflammatory bowel disease. In humans IL-35 is not 
expressed constitutively by Treg cells. 

Bardel  
et al., 2008; 

Chen  
et al., 2005; 

Collison  
et al., 2007; 

Gil-Guerrero  
et al., 2008; 

Loser  
et al., 2007. 

Cytotoxicity 

Perforin/granzyme pathway is well known to be 
associated with CD8 T cells and NK cells for destruction of 

intracellular pathogens and tumor cells. Recent studies 
have shown Treg cells also use the perforin/granzyme 

pathway. An in vitro study demonstrated Treg cells 
activated with anti CD3 and anti CD46 antibodies 

expressed granzyme A and B. In murine Treg cells, it was 
shown that perforin lacking Treg cells also exhibit 
suppressive function. Cao et al reported in a tumor 

inoculation system the adoptively transferred Treg cells 
induced suppression of tumor immunity (CD8 T cells and 
NK cells) specifically by granzyme B pathway. Fas ligand 

utilizing Treg cells presence was reported in head and 
neck squamous cell carcinoma patients and found to 

suppress CD8 T cells. 

Cao  
et al., 2007; 

Gondek  
et al., 2005; 
Grossman  
et al, 2004; 
Lieberman, 

2003;  
Russell & 
Ley, 2002; 

Strauss  
et al., 2009. 
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Functions of 
Treg cells Mechanism of Suppression References 

Inhibition of 
antigen 

presenting cells 
(APCs) 

Expression of CTLA-4 under the control of FoxP3 
facilitates Treg cells interaction with CD80 and CD86 on 
APCs and induces the suppression of T cell activation. 
CTLA-4 mediated interaction between Treg cells and 

APCs leads to upregulation of indoleamine 2, 3- 
dioxygenase (IDO) production by the APCs which leads to 

degradation of the essential amino acid tryptophan. 
Recently, it was proposed that IDO mediated depletion of 

tryptophan inhibited T cell proliferation and response 
against tumors. 

Mellor & 
Munn, 2004; 

Munn  
et al., 1999; 

Oderup  
et al., 2006; 

Read  
et al., 2000. 

Table 2. Functions of T regulatory cells 

4. Mechanism of migration and induction of tolerance in the tumor bed by 
regulatory cells 
There are several chemokine receptors and ligands are involved in the migration of Treg 
cells. Before going into detail, we would like to summarize the migration process of Treg 
cells from thymus to secondary lymphoid organ in normal physiological conditions. 
Preliminary switch occurs in chemokine receptors CCR8/CCR9 and CXCR4 to CCR7 on 
thymic precursors of Treg cells. These precursor Treg cells are a homogeneous population 
and express CD62L, CCR7 and CXCR4low (Lee et al., 2007). After migration from thymus to 
the periphery, these Treg cells acquire complete expression of CXCR4. Thymic emigrant 
Treg cells most exclusively migrate to secondary lymphoid organ for antigen contact. After 
the antigen contact, the second switch occurs in the receptors where they downregulate the 
CCR7 and CXCR4 expression. Consequently, upregulation of effector/memory chemokine 
receptors (CCR2, CCR4, CCR6, CCR8, and CCR9) occurs to enhance the heterogenic 
property of Treg cell population (Lee et al., 2007). It was shown that CCR7 mediated 
migration of Treg cells into secondary lymphoid organ is an important process for 
encountering mature dendritic cells and consequent differentiation and proliferation 
(Schneider et al., 2007). All peripheral blood Treg cells express CCR4 receptor and show 
chemotactic response to ligands CCL22 and CCL17. In ovarian cancer, Treg cell migration 
and accumulation at the tumor site is attributed by CCL22 chemokine (Curiel et al., 2004). 
Secretion of CCL22 by lymphoma cells largely recruits the intratumoral Treg cells that 
express CCR4 but not CCR8 (Ishida et al., 2006; Yang et al., 2006b). In non-hematological 
malignancies, it was observed that increased frequency of CCR4 expressing Treg cells 
associated with CCL22 and CCL17 chemokines. An in vitro study in gastric cancer showed 
that migratory activity of Treg cells was induced by CCL22 and CCL17 chemokines 
(Mizukami et al., 2008). 

Several molecules and receptors contribute the suppressive function of Treg cells in the 
tumor microenvironment. Suppression mechanism by Treg cells is not solely dependent on 
cell-cell contact rather it is also supported by soluble IL-10 and TGF-β molecules (Strauss et 
al., 2007). Treg cells do not depend always on direct inhibition of effector T cells; rather, it 
impedes function of dendritic cells via IL-10 and TGF-β. This mechanism downregulates 
NF-kB and subsequently changes downstream molecules (CD80, CD86 and CD40) as well as 
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Types Origin Functions References 
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cells are induced by 

antigen- specific 
manner 

There are several subsets of CD8 Treg 
cells: Qa-1 specific CD8 Treg cells 

suppress autoreactive T cells 
expressing Qa-1 molecule associated 
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et al., 2007; 
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et al., 2004; 
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Functions of 
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Table 2. Functions of T regulatory cells 
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soluble factors, such as TNF-α, IL-12 and CCL5 (Larmonier et al., 2007). Moreover, Treg cells 
in tumor bed prevent CD4 T cell mediated generation of CD8 T cell cytotoxic responses 
(Chaput et al., 2007). Prostaglandin E2 is the effector molecule released by Treg cells; it is 
also important for activation of Treg cells. This molecule efficiently suppresses the effector T 
cell responses via COX2 induction. Prostaglandin E2 mediated suppression by Treg cells 
was observed in colorectal cancer patients (Mahic et al., 2006). Cell-cell contact dependent 
suppression is partly attributed to CTLA-4 expression by Treg cells (Read et al., 2000). 
Expression of CTLA-4 also facilitates the TGF-β mediated suppression via intensifying the 
TGF-β signals at the interaction point of Treg cell and target cell (Oida et al., 2006). Tumor 
infiltrating Treg cells express ICOS molecule but peripheral Treg cells do not express ICOS. 
ICOS receptor and its ligand are involved in Treg cell mediated suppression. Treg cells with 
ICOS low expression did not show strong suppressive function as compared to Treg cells 
with ICOS high expression (Strauss et al.,  2008). Very recently, other novel  

 
Fig. 1. Mechanism of accumulation and expansion of T regulatory cells in the tumor bed  
This schematic diagram represents a mechanism of immune tolerance induced by Treg cells 
in the tumor microenvironment. CCL22 as well H-ferritin secretion by tumor cells and 
tumor infiltrating macrophages recruit naïve Treg cells (CCR4+) in the tumor bed. These 
accumulated naïve Treg cells differentiate and proliferate into memory Treg cells via 
interaction with prostaglandin E2 (PGE2) induced tolerogenic dendritic cells. These 
expanded memory Treg cells along with tolerogenic dendritic cells impede the functions of 
tumor effector T cells.  
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mechanisms of suppression by Treg cells were revealed. Expression of CD39 in 
conjunction with CD73 generates the adenosine molecule and its interaction with 
adenosine A2A receptor on activated T cells creates strong immunosuppressive loops; this 
suggests one of the important suppressive mechanisms of Treg cells (Deaglio et al., 2007). 
Transfer of cyclic adenosine monophosphate by Treg cells to effector T cells via cell-cell 
interaction induces suppression and impedes IL-2 secretion (Bopp et al., 2007). Also, 
recently it was proven that effector T cells are suppressed via apoptosis induced by 
deprivation of γ cytokines by Treg cells. Strong association was observed between Treg 
cell induced apoptosis and increased level of pro-apoptotic proteins Bim and Bad as well 
as decreased level of pro-survival protein kinase Akt (Pandiyan et al., 2007). Taking all 
these observations into consideration, the significance of chemokines and their receptors 
in migration of Treg cells could act as a suitable target for deprivation of Treg cells in the 
tumor microenvironment; this might also enhance anti-tumor responses. To add more 
flavors in impeding Treg cell migration, a chimeric monoclonal antibody targeting CCR4 
receptor is already under clinical trial. All of the above mentioned mechanisms of 
suppression collectively work together to induce suppression of immune cells and 
tolerance in the tumor bed. In some circumstances, these mechanisms might 
independently act to enforce the suppression of anti-tumor responses. 

5. Regulatory T cells and multiple myeloma 
Recently, several research groups analyzed Treg cells in multiple myeloma. So far, Treg cells 
data in multiple myeloma are conflicting. Study from Prabhala et al and Gupta et al 
reported decreased frequency of peripheral blood Treg cells in multiple myeloma when 
compared to control group (Gupta et al., 2011; Prabhala et al., 2006). Both studies confirmed 
that FoxP3 expression was reduced in myeloma patients. In contrast to these studies, Feyler 
et al and Beyer et al reported increased frequencies of peripheral blood Treg cells in multiple 
myeloma patients (Feyler et al., 2009; Beyer et al., 2006a). Most of the studies confirmed that 
peripheral blood and bone marrow Treg cells frequencies were comparable. According to 
Beyer et al, Treg cells associated markers, such as CTLA-4, GITR, CD62L and OX40 were 
elevated in myeloma patients compared to healthy subjects (Beyer et al., 2006a). Contrasting 
to this observation, Prabhala et al showed decreased frequency of CTLA-4 expression on 
Treg cells of monoclonal gammopathy of undetermined significance and myeloma cohorts 
than healthy subjects (Prabhala et al., 2006). These opposing results may be due to Treg cells 
identification strategy. For instance, Prabhala et al identified Treg cells as CD4+FoxP3+, 
Gupta et al characterized Treg cells with the inclusion of CD127 in their gating, Feyler et al 
identified Treg cells as CD4+CD25hi+FoxP3+ and Beyer et al identified Treg cells using only 
CD4 and CD25 markers (Beyer et al., 2006a; Feyler et al., 2009; Gupta et al., 2011; Prabhala et 
al., 2006). Most of the studies in other cancers including hematological and non-
hematological malignancies showed elevated level of Treg cells and these cells are 
associated with worse prognosis. To support the concept of tumor based expansion of Treg 
cells, studies clearly showed that established Treg cell clones recognized tumor antigen in 
MHC class II restricted manner (Wang et al., 2004). In multiple myeloma, no strong 
conclusions could be made due to the existence of equal number of conflicting results with 
regard to Treg cells frequency.   
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5.1 Immunosuppressive function of T regulatory cells in multiple myeloma 

Most studies in myeloma agree that Treg cells efficiently suppress both autologous and 
allogeneic responder cells (CD4+CD25-) similarly to healthy subjects (Beyer et al., 2006a; 
Brimnes et al., 2010; Feyler et al., 2009; Gupta et al., 2011). Exclusively, Prabhala et al showed 
that multiple myeloma patients Treg cells lack suppressive function (Prabhala et al., 2006). 
This contrasting result by Prabhala et al might be due to the use of whole peripheral blood 
mononuclear cells depleted with CD25+ cells as responder cells (Prabhala et al., 2006). The 
suppressive nature of Treg cells could be well appreciated by the presence of intracellular 
cytokines TGF-β and IL-10. Beyer et al confirmed that myeloma patients Treg cells express 
increased level of TGF-β and IL-10 when compared to healthy subjects (Beyer et al., 2006a). 
In vitro matured dendritic cells using inflammatory cytokines generate functionally active 
FoxP3+ Treg cells from CD25- T cells. Treg cells derived from dendritic cells are functionally 
similar in between healthy subjects and myeloma patients. Also, an in vivo study showed 
administration of cytokine matured dendritic cells in myeloma subjects enhanced increase of 
Treg cell numbers (Banerjee et al., 2006). This study also proposed that use of human 
dendritic cell vaccination may affect the balance of effector T cells generation because of 
Treg cell enhancement (Banerjee et al., 2006). In allogeneic stem cell transplanted multiple 
myeloma patients, donor derived Treg cells reconstituted largely in the bone marrow 
compartment and prevented graft versus host disease (Atanackovic et al., 2008). This data 
suggest that in vivo inhibitory function of Treg cells and also in vitro assay showed 
reconstituted Treg cells possess complete inhibitory function. Moreover, Atanackovic et al 
proved that reconstitution of Treg cells in bone marrow positively correlates with time 
passed since transplantation. Donor derived Treg cells reconstituted in the bone marrow 
were found to be memory Treg cells, which indicates that Treg cells indeed expanded 
outside the thymus (Atanackovic et al., 2008). Most of the studies strongly suggest that 
myeloma patients Treg cells are functional in suppressing the conventional T cell 
proliferation, and this suppressive function encourages the immune impairments and 
dysfunctions. However, Treg cells suppressive function could be appreciated in the case of 
graft versus host disease where donor cells require engraftment to ensure the anti-tumor 
effects. 

5.2 Association of international staging system and myeloma survival status with  
T regulatory cells 

Based on the international staging system (ISS), Treg cells were increased in newly 
diagnosed multiple myeloma patients. This observation was noticed only in ISS 1 and ISS 2 
(Feyler et al., 2009). On the other hand, Gupta et al found a trend of decrease in Treg cells in 
stages ISS 2 and ISS 3 (Gupta et al., 2011). Apart from ISS, paraprotein level of myeloma 
patients was positively correlated with frequencies of Treg cells (Feyler et al., 2009). 

Giannopoulos et al demonstrated patients with higher level of Treg cells have significantly 
reduced survival time compared to patients with lower level of Treg cells (21 months vs. 
median not reached) (Giannopoulos et al., 2010). Our observation also showed that patients 
with increased peripheral blood Treg cells (≥ 5%) have shorter progression free survival 
compared to patients with reduced Treg cells (< 5%) cohort (13 months vs. median not 
reached) (Muthu Raja et al., 2011). These data showing that elevated level of Treg cells 
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correlated unfavorably with progression free survival and overall survival of myeloma 
patients, so Treg cells could be targeted along with the tumor cells in multiple myeloma.  

6. Influence of immunomodulatory drugs on T regulatory cells of multiple 
myeloma patients 
Immunomodulatory drugs are orally bioavailable agents, derived from thalidomide (first 
generation immunomodulatory drug). The second generation immunomodulatory drugs 
are lenalidomide and pomalidomide which share similar chemical structure with 
thalidomide (Galustian et al., 2004). Quach et al recently reviewed the functions of 
immunomodulatory drugs (Quach et al., 2010). The functions are:  

6.1 Immune modulation 

Co-stimulation of CD4 and CD8 T cells, activation of NK and NKT cells, production of Th1 
cytokines, enhancement of antibody dependent cellular cytotoxicity and Treg cell 
suppression. 

6.2 Hampering tumor microenvironment interactions 

Anti-angiogenesis, inhibition of inflammatory effects, anti-osteoclastogenesis and 
downregulation of adhesion molecules on plasma cells. 

6.3 Direct anti-tumor effects 

Induction of cyclin dependent kinase inhibitors, such as p15, p21 and p27 which results in 
cell cycle arrest (G0/G1 phase), increases expression of early growth genes (1, 2), 
downregulation of NF-kB with subsequent reduction in anti-apoptotic proteins FLIP and 
clAP2. 

Minnema et al showed that in relapsed myeloma patients (after allogeneic stem cell 
transplantation), lenalidomide increased frequencies of Treg cells during treatment 
(Minnema et al., 2009). In contrast, CD4 and CD8 T cells were decreased. This study also 
showed that ratio of FoxP3+ T cells to IFN-γ secreting T cells was significantly increased 
during treatment (Minnema et al., 2009). Increased Treg cells always favour allogeneic stem 
cell transplanted patients because these cells inhibit graft versus host disease (Rezvani et al., 
2006). However, Minnema et al study did not show the advantage of increased Treg cells 
with relevance to graft versus host disease, probably due to small patient numbers 
(Minnema et al., 2009). Contrasting to this study, an in vitro observation demonstrated that 
lenalidomide and pomalidomide are able to inhibit the proliferation of Treg cells at very low 
concentrations (10 μM and 1 μM) but thalidomide failed to inhibit the proliferation even at 
maximum concentration of 200 μM. This study reveals lenalidomide and pomalidomide 
inhibited the Treg cells mediated suppression of CD4+CD25- cells and also proposes that 
FoxP3 molecule was targeted efficiently by lenalidomide and pomalidomide but no 
alterations to GITR were observed (Galustian et al., 2009). Lenalidomide and pomalidomide 
also inhibit the function of Treg cells by hindering the expression of OX-40 (CD134) 
molecule (Galustian et al., 2009; Valzasina et al., 2005). Carcinoma animal model study 
showed Treg cells were depleted after cyclophosphamide treatment; tumor growth was also 
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repressed due to depletion of Treg cells, and tumor clones were cleared followed by 
immunotherapy. Without administration of cyclophosphamide, no tumor regression or 
clearance was noticed in the tumor bearing animal (Ghiringhelli et al., 2004). Apart from 
sensitivity of Treg cells to imunomodulatory drugs and cyclophosphamide, a recent study 
showed that naturally occurring Treg cells were resistant to pro-apoptotic effect of 
proteasome inhibitor bortezomib. Long-term culturing of CD4 T cells in the presence of 
bortezomib promoted the emergence of Treg cells and significantly inhibited proliferation, 
IFN-γ production and CD40L expression by effector T cells (Blanco et al., 2009). Drug-
induced apoptosis resistance by Treg cells is due to the increased expression of BCL-2 and 
inhibitor of apoptosis protein 1 (IAP1); the expression of IAP1 is in response to TNF induced 
apoptosis. These BCL-2 and IAP1 protein expression was significantly elevated in Treg cells 
of B cell leukemic patients than healthy volunteers (Jak et al., 2009). Gupta et al confirmed 
that multiple myeloma patients treated with immunomodulatory drug combination showed 
increased Treg cells in relation to irrespective of the response achieved (Gupta et al., 2011). 
They also showed patients with stable and progressive disease had decreased Treg cells. 
Taking all these observations into consideration, no strong conclusion can be forwarded 
because of contrasting results between in vitro and in vivo studies. However, in vitro studies 
showed promising effects of immunomodulatory drugs on Treg cells when compared to 
proteasome inhibitor but immunomodulatory drugs effects might be diluted by inclusion of 
corticosteroid during treatment.  

7. Th17 cells in multiple myeloma  
Th17 cells are one of the subsets of CD4 T cells. These cells are differentiated in the presence 
of IL-6, IL-1β, IL-21 and IL-23 with or without TGF-β. Th17 cells secrete IL-17, IL-21, IL-22 
and IL-26 cytokines. These cytokines are involved in anti-fungal and anti-parasite responses 
and participate in inflammatory and autoimmune reactions (Acosta-Rodriguez et al., 2007; 
Aujla et al., 2008; Bettelli et al., 2006; Ivanov et al., 2006; Veldhoen et al., 2008; Wilson et al., 
2007; Zheng et al., 2008). Both Treg cells and Th17 cells originate from naïve CD4 T cells. For 
Treg cell differentiation, TGF-β is required whereas for Th17 cell differentiation, IL-6 and 
TGF-β are required (the role of TGF-β in human is unclear) (Bettelli et al., 2006; Veldhoen et 
al., 2006). Xu et al observed that mature Treg cells can be converted into Th17 cells in the 
presence of IL-6 (Xu et al., 2007). IL-6 and IL-21 might be involved in transition of 
Th17/Treg cells to Th17 cells. Some reports show switching of Th17 cells to Th1 cells, but 
reverse switching is not possible (Annunziato & Romagnani, 2009; Bending et al., 2009; Lee 
et al., 2009; Shi et al., 2008). Upregulated T-bet expression in Th17 cells resulted in a switch 
to Th1 cells in the presence of IL-12 or/and IL-23 (Annunziato et al., 2007; Lee et al., 2009). 

Recently, a study reported increased Th17 cells and IL-17 in freshly isolated mononuclear 
cells and sera of myeloma patients compared to healthy subjects. In vitro polarization of 
CD4 T cells to Th17 cells showed increased Th17 cells in multiple myeloma patients than 
healthy subjects (Prabhala et al., 2010). Moreover, this study showed expression of IL-17 
receptor on myeloma cells which promotes the growth of myeloma cells. IL-21 is a pro-
inflammatory cytokine associated with Th17 cells, which is also capable of inducing STAT-3 
mediated myeloma growth-promoting effects in synergism with insulin like growth factor-1 
(Brenne et al., 2002). Most of the myeloma patients present with bone lytic disorder. In cell 
culture experiments, Dhodapkar et al showed dendritic cells were efficient inducers of Th17 
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cells, especially mature dendritic cells. Dendritic cells induced Th17 cells were 
multifunctional and secreted IL-17 and IFN-γ (Dhodapkar et al., 2008). In myeloma, tumor 
cells are infiltrated by dendritic cells; Dhodapkar et al demonstrated that Th17 cells were 
enriched in the tumor microenvironment (Dhodapkar et al., 2008). These IL-17 producing 
cells were found to enhance the activation of osteoclasts (Noonan et al., 2010). This study 
also reported significant association between extent of bone lytic lesions and IL-17 cytokine 
producing Th17 cells (Noonan et al., 2010). These findings suggest that Th17 cells enhance 
myeloma cell growth and development of bone lytic lesions. 

8. CD8 T regulatory cells in multiple myeloma 
T cells play an important role in immunosurveillance against cancers. Eventually, these T 
cells may become CD4/CD8 regulatory T cells due to stimulation by and interaction with 
tumor cells. Thus, these generated regulatory cells promote the growth of tumor rather than 
inhibition of tumor (Wang, 2008). Mechanisms of suppression and expansion are well 
documented for CD4 Treg cells but recent research has been directed to screen the presence 
of CD8 Treg cells in various tumors and inflammatory conditions. 

8.1 Subtypes of CD8 T regulatory cells 

8.1.1 Qa-1 restricted CD8 Treg cells 

These CD8 Treg cells downregulate autoimmune T cell responses. They are Qa-1 (MHC class 
1b molecule) restricted and specifically target self-reactive activated T cells which express Qa-1 
molecules associated with self peptide (Jiang & Chess, 2004; Sarantopoulos et al., 2004). 

8.1.2 CD8+CD28- Treg cells 

These cells are induced by MHC class I peptide antigens. CD8+CD28- Treg cells were found 
to express FoxP3 α molecule and mediate suppression by cell-cell contact mechanism. 
CD8+CD28- Treg cells also indirectly target CD4 T cells to become tolerogenic via dendritic 
cells and non-professional antigen presenting cells. These cells were identified in tumors as 
well as in the context of transplantation (Cortesini et al., 2001; Filaci & Suciu-Foca, 2002; 
Filaci et al., 2007; Suciu-Foca et al., 2005). 

8.1.3 CD8+CD25hi+ Treg cells 

These cells express CD122, Foxp3 and GITR molecules typically associated with CD4 Treg 
cells (Cosmi et al., 2003; Kiniwa et al., 2007; Lee et al., 2008). They suppress naive CD4 and 
CD8 T cells via contact dependent mechanism or soluble IL-10. These Treg cells are different 
from Qa-1 specific CD8 Treg cells but similar to CD4 Treg cells. CD8+CD25hi+ Treg cells are 
induced by the tumor environment and require antigen stimulation to suppress naïve T cells 
(Wang, 2008). 

8.2 Role of CD8 T regulatory cells  

So far, only a few studies have documented the role of CD8 Treg cells 
(CD8+CD25hi+FoxP3+) in cancers. In prostate and colorectal cancers, elevated levels of CD8 
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repressed due to depletion of Treg cells, and tumor clones were cleared followed by 
immunotherapy. Without administration of cyclophosphamide, no tumor regression or 
clearance was noticed in the tumor bearing animal (Ghiringhelli et al., 2004). Apart from 
sensitivity of Treg cells to imunomodulatory drugs and cyclophosphamide, a recent study 
showed that naturally occurring Treg cells were resistant to pro-apoptotic effect of 
proteasome inhibitor bortezomib. Long-term culturing of CD4 T cells in the presence of 
bortezomib promoted the emergence of Treg cells and significantly inhibited proliferation, 
IFN-γ production and CD40L expression by effector T cells (Blanco et al., 2009). Drug-
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inhibitor of apoptosis protein 1 (IAP1); the expression of IAP1 is in response to TNF induced 
apoptosis. These BCL-2 and IAP1 protein expression was significantly elevated in Treg cells 
of B cell leukemic patients than healthy volunteers (Jak et al., 2009). Gupta et al confirmed 
that multiple myeloma patients treated with immunomodulatory drug combination showed 
increased Treg cells in relation to irrespective of the response achieved (Gupta et al., 2011). 
They also showed patients with stable and progressive disease had decreased Treg cells. 
Taking all these observations into consideration, no strong conclusion can be forwarded 
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proteasome inhibitor but immunomodulatory drugs effects might be diluted by inclusion of 
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of IL-6, IL-1β, IL-21 and IL-23 with or without TGF-β. Th17 cells secrete IL-17, IL-21, IL-22 
and IL-26 cytokines. These cytokines are involved in anti-fungal and anti-parasite responses 
and participate in inflammatory and autoimmune reactions (Acosta-Rodriguez et al., 2007; 
Aujla et al., 2008; Bettelli et al., 2006; Ivanov et al., 2006; Veldhoen et al., 2008; Wilson et al., 
2007; Zheng et al., 2008). Both Treg cells and Th17 cells originate from naïve CD4 T cells. For 
Treg cell differentiation, TGF-β is required whereas for Th17 cell differentiation, IL-6 and 
TGF-β are required (the role of TGF-β in human is unclear) (Bettelli et al., 2006; Veldhoen et 
al., 2006). Xu et al observed that mature Treg cells can be converted into Th17 cells in the 
presence of IL-6 (Xu et al., 2007). IL-6 and IL-21 might be involved in transition of 
Th17/Treg cells to Th17 cells. Some reports show switching of Th17 cells to Th1 cells, but 
reverse switching is not possible (Annunziato & Romagnani, 2009; Bending et al., 2009; Lee 
et al., 2009; Shi et al., 2008). Upregulated T-bet expression in Th17 cells resulted in a switch 
to Th1 cells in the presence of IL-12 or/and IL-23 (Annunziato et al., 2007; Lee et al., 2009). 

Recently, a study reported increased Th17 cells and IL-17 in freshly isolated mononuclear 
cells and sera of myeloma patients compared to healthy subjects. In vitro polarization of 
CD4 T cells to Th17 cells showed increased Th17 cells in multiple myeloma patients than 
healthy subjects (Prabhala et al., 2010). Moreover, this study showed expression of IL-17 
receptor on myeloma cells which promotes the growth of myeloma cells. IL-21 is a pro-
inflammatory cytokine associated with Th17 cells, which is also capable of inducing STAT-3 
mediated myeloma growth-promoting effects in synergism with insulin like growth factor-1 
(Brenne et al., 2002). Most of the myeloma patients present with bone lytic disorder. In cell 
culture experiments, Dhodapkar et al showed dendritic cells were efficient inducers of Th17 
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cells, especially mature dendritic cells. Dendritic cells induced Th17 cells were 
multifunctional and secreted IL-17 and IFN-γ (Dhodapkar et al., 2008). In myeloma, tumor 
cells are infiltrated by dendritic cells; Dhodapkar et al demonstrated that Th17 cells were 
enriched in the tumor microenvironment (Dhodapkar et al., 2008). These IL-17 producing 
cells were found to enhance the activation of osteoclasts (Noonan et al., 2010). This study 
also reported significant association between extent of bone lytic lesions and IL-17 cytokine 
producing Th17 cells (Noonan et al., 2010). These findings suggest that Th17 cells enhance 
myeloma cell growth and development of bone lytic lesions. 

8. CD8 T regulatory cells in multiple myeloma 
T cells play an important role in immunosurveillance against cancers. Eventually, these T 
cells may become CD4/CD8 regulatory T cells due to stimulation by and interaction with 
tumor cells. Thus, these generated regulatory cells promote the growth of tumor rather than 
inhibition of tumor (Wang, 2008). Mechanisms of suppression and expansion are well 
documented for CD4 Treg cells but recent research has been directed to screen the presence 
of CD8 Treg cells in various tumors and inflammatory conditions. 

8.1 Subtypes of CD8 T regulatory cells 

8.1.1 Qa-1 restricted CD8 Treg cells 

These CD8 Treg cells downregulate autoimmune T cell responses. They are Qa-1 (MHC class 
1b molecule) restricted and specifically target self-reactive activated T cells which express Qa-1 
molecules associated with self peptide (Jiang & Chess, 2004; Sarantopoulos et al., 2004). 

8.1.2 CD8+CD28- Treg cells 

These cells are induced by MHC class I peptide antigens. CD8+CD28- Treg cells were found 
to express FoxP3 α molecule and mediate suppression by cell-cell contact mechanism. 
CD8+CD28- Treg cells also indirectly target CD4 T cells to become tolerogenic via dendritic 
cells and non-professional antigen presenting cells. These cells were identified in tumors as 
well as in the context of transplantation (Cortesini et al., 2001; Filaci & Suciu-Foca, 2002; 
Filaci et al., 2007; Suciu-Foca et al., 2005). 

8.1.3 CD8+CD25hi+ Treg cells 

These cells express CD122, Foxp3 and GITR molecules typically associated with CD4 Treg 
cells (Cosmi et al., 2003; Kiniwa et al., 2007; Lee et al., 2008). They suppress naive CD4 and 
CD8 T cells via contact dependent mechanism or soluble IL-10. These Treg cells are different 
from Qa-1 specific CD8 Treg cells but similar to CD4 Treg cells. CD8+CD25hi+ Treg cells are 
induced by the tumor environment and require antigen stimulation to suppress naïve T cells 
(Wang, 2008). 

8.2 Role of CD8 T regulatory cells  

So far, only a few studies have documented the role of CD8 Treg cells 
(CD8+CD25hi+FoxP3+) in cancers. In prostate and colorectal cancers, elevated levels of CD8 
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Treg cells have been reported (Chaput et al., 2009; Kiniwa et al., 2007). Both these studies 
showed that CD8 Treg cells are capable of suppressing naïve T cell proliferation. 
Additionally, Chaput et al demonstrated suppression of Th1 cytokine production. CD8 Treg 
cells from colorectal cancer patients were found to correlate with disease stage and micro-
invasive status (Chaput et al., 2009). In multiple myeloma, data on CD8 Treg cells are 
lacking. Our recent observation showed that CD8 Treg cells were significantly elevated in 
monoclonal gammopathy of undetermined significance and multiple myeloma when 
compared to healthy subjects (Muthu Raja et al., 2010). However, functional data of CD8 
Treg cells are still lacking. 

9. Myeloid-derived suppressor cells (MDSCs) in multiple myeloma 
Myeloid-derived suppressor cells (MDSCs) are activated immature myeloid cells that have 
been prevented from differentiation to mature cells. These cells are expanded in 
pathological conditions (Gabrilovich & Nagaraj, 2009). MDSCs lack the expression of cell 
surface markers that are specifically expressed by monocytes, macrophages or dendritic 
cells and comprise a mixture of myeloid cells that have the morphology of granulocytes or 
monocytes (Youn et al., 2008). They are potent suppressors of T cells. Human MDSCs can be 
characterized phenotypically as CD14-CD11b+ or by CD33 expression which is a common 
marker for myeloid cells. Moreover, MDSCs lack the expression of mature lymphoid and 
myeloid markers as well HLA-DR (MHC class II). Healthy individuals were found to have 
approximately 0.5% of immature myeloid cells from total peripheral blood mononuclear 
cells (Gabrilovich & Nagaraj, 2009). In cancer patients and tumor models, accumulation of 
MDSCs occurs due to release of soluble factors by tumor cells or cells in tumor environment 
(Almand et al., 2001, Diaz-Montero et al., 2009). 

9.1 Mode of suppression 

9.1.1 Arginase and inducible nitric oxide synthase 

Arginase and inducible nitric oxide synthase enzymes are released by MDSCs. Arginase 
depletes the non-essential amino acid L-arginine and leads to inhibition of T cell proliferation 
(Rodriguez et al., 2002). Inducible nitric oxide synthase mediates nitric oxide production. Nitric 
oxide suppresses the T cell function via induction of apoptosis, inhibition of MHC II expression 
and inhibition of STAT-5 and JAK3 function in T cells (Gabrilovich & Nagaraj, 2009). 

9.1.2 Reactive oxygen species  

This is also an important factor from MDSCs that contributes to suppressive activity. 
Reactive oxygen species release was noticed in tumor bearing mice and cancer patients. 
Several tumor derived factors including TGF-β, IL-6, IL-3, IL-10 and granulocyte 
macrophage colony-stimulating factor induce reactive oxygen species synthesis by MDSCs 
(Gabrilovich & Nagaraj, 2009). 

9.1.3 Peroxynitrite  

Peroxynitrite induces MDSCs mediated suppression of T cell function. Accumulation of 
peroxynitrite is noticed where recruitment of MDSCs occurs at the site of inflammation or 
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immunological reactions. In addition, increased peroxynitrite levels associated with tumor 
progression in several cancers (Gabrilovich & Nagaraj, 2009). Interaction of peroxynitrite 
producing MDSCs and T cells leads to nitration of T cell receptors and alters specific peptide 
binding of T cells. This process leads to T cell unresponsiveness (Nagaraj et al., 2007). 

9.1.4 Induction of Treg cells 

In vivo studies showed that MDSCs can induce de novo generation of Treg cells (Huang et al., 
2006; Yang et al., 2006a). Induction of Treg cells by MDSCs requires tumor specific T cells 
together with IFN-γ and IL-10, but independent of nitric oxide production (Huang et al., 
2006). In murine models, MDSCs induce generation of Treg cells by CTLA-4 (ovarian tumor) 
and arginase 1 (lymphoma) molecules (Serafini et al., 2008; Yang et al., 2006a). However, in 
contrast, other studies report no association of Treg cell generation with MDSCs (Dugast et 
al., 2008, Movahedi et al., 2008). 

9.2 Role of myeloid-derived suppressor cells 

Accumulation of MDSCs in cancer patients is an immune evasion mechanism. MDSCs were 
found to be elevated in peripheral blood of solid tumors including breast, colon, prostrate, 
hepatocellular and esophageal carcinomas. It was also shown that increase of MDSCs in 
solid tumors is stage-dependent. Stage IV solid tumor patients showed increased level of 
MDSCs which correlated with metastatic tumor burden (Diaz-Montero et al., 2009). Early 
stage breast cancer patients who received cyclophosphamide plus doxorubicin also had 
increased level of MDSCs. In multiple myeloma, information about MDSCs is lacking. 
However, a recent study showed significant increase of MDSCs in multiple myeloma 
patients (Brimnes et al., 2010). This study identified MDSCs as CD14+HLADR-/low, which 
is contradictory to other studies. In our study, we identified MDSCs as 
CD33+CD11b+CD14-HLADR-. Cells with this phenotype were elevated in multiple 
myeloma patients and also an increasing trend was showed in monoclonal gammopathy of 
undetermined significance patients compared to healthy subjects (Muthu Raja et al., 2011). 
Due to limited studies on MDSCs of myeloma patients, no strong conclusion could be 
forwarded. However, studies have shown increased level of MDSCs. Further studies are 
required to prove their functional activity. 

10. Therapeutic targeting of regulatory and suppressor cells to enhance  
anti-tumor responses 
Treg cells favored as a potential target in various cancers to enhance the anti-tumor 
responses. Chemotherapy agents such as fludarabine and cyclophosphamide were reported 
to reduce Treg cell numbers in animal models. Cyclophosphamide plus fludarabine and 
high dose IL-2 treatment was given to metastatic melanoma patients where transient 
decrease in Treg cells was observed (Powell et al., 2007). Use of chemotherapeutic agents to 
target Treg cells is relatively unspecific approach but targeting CD25 was found to be more 
selective in hitting Treg cells than chemotherapies. Various preclinical trials have shown 
that depletion of Treg cells via specific monoclonal antibodies targeting CD25 in 
combination with adoptive T cell transfer, denileukin diftitox (a fusion protein of diphtheria 
toxin and IL-2) and LMB-2 (a fusion protein of a single-chain Fv fragment of an anti-CD25 
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Treg cells have been reported (Chaput et al., 2009; Kiniwa et al., 2007). Both these studies 
showed that CD8 Treg cells are capable of suppressing naïve T cell proliferation. 
Additionally, Chaput et al demonstrated suppression of Th1 cytokine production. CD8 Treg 
cells from colorectal cancer patients were found to correlate with disease stage and micro-
invasive status (Chaput et al., 2009). In multiple myeloma, data on CD8 Treg cells are 
lacking. Our recent observation showed that CD8 Treg cells were significantly elevated in 
monoclonal gammopathy of undetermined significance and multiple myeloma when 
compared to healthy subjects (Muthu Raja et al., 2010). However, functional data of CD8 
Treg cells are still lacking. 

9. Myeloid-derived suppressor cells (MDSCs) in multiple myeloma 
Myeloid-derived suppressor cells (MDSCs) are activated immature myeloid cells that have 
been prevented from differentiation to mature cells. These cells are expanded in 
pathological conditions (Gabrilovich & Nagaraj, 2009). MDSCs lack the expression of cell 
surface markers that are specifically expressed by monocytes, macrophages or dendritic 
cells and comprise a mixture of myeloid cells that have the morphology of granulocytes or 
monocytes (Youn et al., 2008). They are potent suppressors of T cells. Human MDSCs can be 
characterized phenotypically as CD14-CD11b+ or by CD33 expression which is a common 
marker for myeloid cells. Moreover, MDSCs lack the expression of mature lymphoid and 
myeloid markers as well HLA-DR (MHC class II). Healthy individuals were found to have 
approximately 0.5% of immature myeloid cells from total peripheral blood mononuclear 
cells (Gabrilovich & Nagaraj, 2009). In cancer patients and tumor models, accumulation of 
MDSCs occurs due to release of soluble factors by tumor cells or cells in tumor environment 
(Almand et al., 2001, Diaz-Montero et al., 2009). 

9.1 Mode of suppression 

9.1.1 Arginase and inducible nitric oxide synthase 

Arginase and inducible nitric oxide synthase enzymes are released by MDSCs. Arginase 
depletes the non-essential amino acid L-arginine and leads to inhibition of T cell proliferation 
(Rodriguez et al., 2002). Inducible nitric oxide synthase mediates nitric oxide production. Nitric 
oxide suppresses the T cell function via induction of apoptosis, inhibition of MHC II expression 
and inhibition of STAT-5 and JAK3 function in T cells (Gabrilovich & Nagaraj, 2009). 

9.1.2 Reactive oxygen species  

This is also an important factor from MDSCs that contributes to suppressive activity. 
Reactive oxygen species release was noticed in tumor bearing mice and cancer patients. 
Several tumor derived factors including TGF-β, IL-6, IL-3, IL-10 and granulocyte 
macrophage colony-stimulating factor induce reactive oxygen species synthesis by MDSCs 
(Gabrilovich & Nagaraj, 2009). 

9.1.3 Peroxynitrite  

Peroxynitrite induces MDSCs mediated suppression of T cell function. Accumulation of 
peroxynitrite is noticed where recruitment of MDSCs occurs at the site of inflammation or 
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immunological reactions. In addition, increased peroxynitrite levels associated with tumor 
progression in several cancers (Gabrilovich & Nagaraj, 2009). Interaction of peroxynitrite 
producing MDSCs and T cells leads to nitration of T cell receptors and alters specific peptide 
binding of T cells. This process leads to T cell unresponsiveness (Nagaraj et al., 2007). 

9.1.4 Induction of Treg cells 

In vivo studies showed that MDSCs can induce de novo generation of Treg cells (Huang et al., 
2006; Yang et al., 2006a). Induction of Treg cells by MDSCs requires tumor specific T cells 
together with IFN-γ and IL-10, but independent of nitric oxide production (Huang et al., 
2006). In murine models, MDSCs induce generation of Treg cells by CTLA-4 (ovarian tumor) 
and arginase 1 (lymphoma) molecules (Serafini et al., 2008; Yang et al., 2006a). However, in 
contrast, other studies report no association of Treg cell generation with MDSCs (Dugast et 
al., 2008, Movahedi et al., 2008). 

9.2 Role of myeloid-derived suppressor cells 

Accumulation of MDSCs in cancer patients is an immune evasion mechanism. MDSCs were 
found to be elevated in peripheral blood of solid tumors including breast, colon, prostrate, 
hepatocellular and esophageal carcinomas. It was also shown that increase of MDSCs in 
solid tumors is stage-dependent. Stage IV solid tumor patients showed increased level of 
MDSCs which correlated with metastatic tumor burden (Diaz-Montero et al., 2009). Early 
stage breast cancer patients who received cyclophosphamide plus doxorubicin also had 
increased level of MDSCs. In multiple myeloma, information about MDSCs is lacking. 
However, a recent study showed significant increase of MDSCs in multiple myeloma 
patients (Brimnes et al., 2010). This study identified MDSCs as CD14+HLADR-/low, which 
is contradictory to other studies. In our study, we identified MDSCs as 
CD33+CD11b+CD14-HLADR-. Cells with this phenotype were elevated in multiple 
myeloma patients and also an increasing trend was showed in monoclonal gammopathy of 
undetermined significance patients compared to healthy subjects (Muthu Raja et al., 2011). 
Due to limited studies on MDSCs of myeloma patients, no strong conclusion could be 
forwarded. However, studies have shown increased level of MDSCs. Further studies are 
required to prove their functional activity. 

10. Therapeutic targeting of regulatory and suppressor cells to enhance  
anti-tumor responses 
Treg cells favored as a potential target in various cancers to enhance the anti-tumor 
responses. Chemotherapy agents such as fludarabine and cyclophosphamide were reported 
to reduce Treg cell numbers in animal models. Cyclophosphamide plus fludarabine and 
high dose IL-2 treatment was given to metastatic melanoma patients where transient 
decrease in Treg cells was observed (Powell et al., 2007). Use of chemotherapeutic agents to 
target Treg cells is relatively unspecific approach but targeting CD25 was found to be more 
selective in hitting Treg cells than chemotherapies. Various preclinical trials have shown 
that depletion of Treg cells via specific monoclonal antibodies targeting CD25 in 
combination with adoptive T cell transfer, denileukin diftitox (a fusion protein of diphtheria 
toxin and IL-2) and LMB-2 (a fusion protein of a single-chain Fv fragment of an anti-CD25 
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antibody and the bacterial pseudomonas exotoxin A or 3) enhanced the anti-tumor 
immunity (Attia et al., 1997; Knutson et al., 2006; Litzinger et al., 2007; Shimizu et al., 1999). 
Translation of denileukin diftitox and LMB-2 into clinical studies along with vaccination 
showed efficient improvement in anti-tumor response plus reduced frequency of Treg cells 
in various cancers, including metastatic renal cell carcinoma, melanoma and colorectal 
carcinoma. Targeting CTLA-4 molecule is not a precise approach because both effector T 
cells and Treg cells express CTLA-4. However, a recent animal model study showed CTLA-4 
deficient mice lacked the Treg cell mediated immune suppression (Wing et al., 2008). 
Disadvantage in blockade or depletion of Treg cells is autoimmune toxicity, which was 
observed in murine models and cancer patients (Dougan & Dranoff, 2009). Recent 
understanding of MDSCs in cancers provokes to target these suppressor cells. All-trans 
retinoic acid (ATRA) administration in animal models and in vitro study showed decreased 
number of MDSCs, activated CD4 and CD8 T cells and delayed tumor progression 
(Kusmartsev et al., 2008). ATRA administration with granulocyte macrophage colony-
stimulating factor helped in differentiation of MDSCs into myeloid dendritic cells in tumor-
bearing mice (Gabrilovich et al., 2001). In the clinical study ATRA plus IL-2 combination did 
not have impact on MDSCs of renal cell carcinoma patients. Chemotherapeutic agents, such 
as gemicitabine and 5-fluorouracil, were reported to reduce the peripheral blood MDSCs in 
animal models as well as in vitro (Le et al., 2009; Vincent et al., 2010). Cyclophosphamide 
and doxorubicin have negative impact on MDSCs of breast cancer patients (Diaz-Montero et 
al., 2009). A recent study proposed combination of cyclophosphamide with IL-2 enhanced 
the clearance of intra-tumoral Treg cells and MDSCs, and enhanced the generation of 
myeloid inflammatory cells which lack the suppressive function (Medina-Echeverz et al., 
2011). STAT-3 is a key regulatory molecule in MDSCs, and this molecule is constitutively 
expressed by malignant cells. There are several STAT-3 inhibitory molecules under 
investigation. Sunitinib is one of the STAT-3 inhibitors which influence the phosphorylation 
of STAT-3 via tyrosine kinase; additionally, it has anti-angiogenic property. Currently, 
Sunitinib is under investigation for its efficiency on MDSCs (Ko et al., 2009). These 
observations are showing the efficiency of various inhibitors and chemotherapy agents to 
hinder the regulatory and suppressor cells in vitro and in pre-clinical trials. Unfortunately, 
clinical trials did not show flourishing impact in all cancers. This might be due to 
autoimmune toxicities caused by depletion or targeting of Treg cells. Approach of hitting 
the Treg cells needs further investigation; it is essential to target specifically the tumor 
associated Treg cells not the global Treg cells which might cause imbalance in the immune 
homeostasis. 

11. Conclusion 
Large evidence is available in hematological malignancies and solid tumors for elevated 
level of various regulatory and suppressor cells which impede anti-tumor responses. 
Therefore, targeting the regulatory cells could be a useful strategy to enhance the anti-tumor 
immunity. Approaches of depletion or inhibition of regulatory cells showed countable 
benefits in pre-clinical and clinical studies of some cancers including renal cell carcinoma, 
metastatic melanoma and colorectal carcinoma. Targeting regulatory T cells in a non-specific 
approach might cause detrimental autoimmune toxicities which is the key issue. Further 
studies are necessary to identify tumor associated regulatory cells which will enhance the 
depletion of specific regulatory cells but not the global population of regulatory cells. 
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Moreover, characterization of regulatory cells in humans is an ambiguous aspect due to lack 
of precise markers. Studies are needed to disclose specific characterization marker for 
human Treg cells, so that results do not vary between groups. In multiple myeloma, 
immunotherapeutic targeting of tumor cells at the pre-clinical and clinical studies showed 
remarkable immunological as well clinical responses in some cohort of patients. When 
compared to non-hematological malignancies, there are no clinical trials performed to target 
regulatory cells in myeloma patients. Investigations are required with the inclusion of pre-
clinical and clinical studies in myeloma via combinational approach of targeting tumor cells 
as well regulatory cells. This approach might overcome tumor induced immunosuppression 
in myeloma patients. 
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antibody and the bacterial pseudomonas exotoxin A or 3) enhanced the anti-tumor 
immunity (Attia et al., 1997; Knutson et al., 2006; Litzinger et al., 2007; Shimizu et al., 1999). 
Translation of denileukin diftitox and LMB-2 into clinical studies along with vaccination 
showed efficient improvement in anti-tumor response plus reduced frequency of Treg cells 
in various cancers, including metastatic renal cell carcinoma, melanoma and colorectal 
carcinoma. Targeting CTLA-4 molecule is not a precise approach because both effector T 
cells and Treg cells express CTLA-4. However, a recent animal model study showed CTLA-4 
deficient mice lacked the Treg cell mediated immune suppression (Wing et al., 2008). 
Disadvantage in blockade or depletion of Treg cells is autoimmune toxicity, which was 
observed in murine models and cancer patients (Dougan & Dranoff, 2009). Recent 
understanding of MDSCs in cancers provokes to target these suppressor cells. All-trans 
retinoic acid (ATRA) administration in animal models and in vitro study showed decreased 
number of MDSCs, activated CD4 and CD8 T cells and delayed tumor progression 
(Kusmartsev et al., 2008). ATRA administration with granulocyte macrophage colony-
stimulating factor helped in differentiation of MDSCs into myeloid dendritic cells in tumor-
bearing mice (Gabrilovich et al., 2001). In the clinical study ATRA plus IL-2 combination did 
not have impact on MDSCs of renal cell carcinoma patients. Chemotherapeutic agents, such 
as gemicitabine and 5-fluorouracil, were reported to reduce the peripheral blood MDSCs in 
animal models as well as in vitro (Le et al., 2009; Vincent et al., 2010). Cyclophosphamide 
and doxorubicin have negative impact on MDSCs of breast cancer patients (Diaz-Montero et 
al., 2009). A recent study proposed combination of cyclophosphamide with IL-2 enhanced 
the clearance of intra-tumoral Treg cells and MDSCs, and enhanced the generation of 
myeloid inflammatory cells which lack the suppressive function (Medina-Echeverz et al., 
2011). STAT-3 is a key regulatory molecule in MDSCs, and this molecule is constitutively 
expressed by malignant cells. There are several STAT-3 inhibitory molecules under 
investigation. Sunitinib is one of the STAT-3 inhibitors which influence the phosphorylation 
of STAT-3 via tyrosine kinase; additionally, it has anti-angiogenic property. Currently, 
Sunitinib is under investigation for its efficiency on MDSCs (Ko et al., 2009). These 
observations are showing the efficiency of various inhibitors and chemotherapy agents to 
hinder the regulatory and suppressor cells in vitro and in pre-clinical trials. Unfortunately, 
clinical trials did not show flourishing impact in all cancers. This might be due to 
autoimmune toxicities caused by depletion or targeting of Treg cells. Approach of hitting 
the Treg cells needs further investigation; it is essential to target specifically the tumor 
associated Treg cells not the global Treg cells which might cause imbalance in the immune 
homeostasis. 

11. Conclusion 
Large evidence is available in hematological malignancies and solid tumors for elevated 
level of various regulatory and suppressor cells which impede anti-tumor responses. 
Therefore, targeting the regulatory cells could be a useful strategy to enhance the anti-tumor 
immunity. Approaches of depletion or inhibition of regulatory cells showed countable 
benefits in pre-clinical and clinical studies of some cancers including renal cell carcinoma, 
metastatic melanoma and colorectal carcinoma. Targeting regulatory T cells in a non-specific 
approach might cause detrimental autoimmune toxicities which is the key issue. Further 
studies are necessary to identify tumor associated regulatory cells which will enhance the 
depletion of specific regulatory cells but not the global population of regulatory cells. 
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Moreover, characterization of regulatory cells in humans is an ambiguous aspect due to lack 
of precise markers. Studies are needed to disclose specific characterization marker for 
human Treg cells, so that results do not vary between groups. In multiple myeloma, 
immunotherapeutic targeting of tumor cells at the pre-clinical and clinical studies showed 
remarkable immunological as well clinical responses in some cohort of patients. When 
compared to non-hematological malignancies, there are no clinical trials performed to target 
regulatory cells in myeloma patients. Investigations are required with the inclusion of pre-
clinical and clinical studies in myeloma via combinational approach of targeting tumor cells 
as well regulatory cells. This approach might overcome tumor induced immunosuppression 
in myeloma patients. 
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1. Introduction 
Multiple myeloma (MM) is a malignant B-cell disease, characterized by uncontrolled 
proliferation of differentiated plasma cells in bone marrow (BM), osteolytic bone lesions, 
monoclonal protein peaks in serum or urine and suppression of normal antibody 
production. Patients with MM usually present with a number of clinical signs and 
symptoms, including fatigue, infection, severe bone pain, bone fractures, hypercalcaemia, 
and renal disease (Bommert et al., 2006; Raman et al., 2007; Redzepovic et al., 2008). Despite 
clinical responses produced by conventional chemotherapy, radiotherapy, and an increasing 
number of new compounds and improvements in supportive therapy, MM remains largely 
incurable (Katzel et al., 2007; Ozdemir et al., 2004; Redzepovic et al., 2008). 

Tumor necrosis factor-α (TNF-α) is a known survival and proliferation factor for myeloma 
cell lines. It is produced by tumor and stromal cells in BM of patients with MM and induces 
tumor cell proliferation, migration, survival, drug resistance, and blood vessel proliferation 
(Harrison et al., 2006; Jourdan et al., 1999). Although TNF-α secreted by MM cells does not 
induce significant growth and drug resistance in tumor cells, it stimulates interleukin-6 (IL-
6) secretion in bone marrow stromal cells more potently than vascular endothelial growth 
factor (VEGF) or transforming growth factor-β (TGF-β) (Yasui et al., 2005). Out of BM 
environment, circulating TNF-α levels are increased in MM patients with manifest bone 
disease, whose osteoblasts constitutively overexpress receptors for TNF-related apoptosis-
inducing ligand, intercellular adhesion molecule-1 (ICAM-1), and monocyte chemotactic 
protein-1 (MCP-1) (Silvestris et al., 2004). 

In our previous study, treatment with native human leukocyte interferon-α (nhIFN-α), 
recombinant human interferon-α2a (rhIFN-α2a) and recombinant human interferon-α2b 
(rhIFN-α2b) in doses of 500 IU/ml, 1000/ml and 2000 IU/ml resulted in differential effects on 
P3-X63-Ag8.653 mouse myeloma cells. A statistically significant dose-dependent decrease in 
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cell viability was observed in P3-X63-Ag8.653 mouse myeloma cells treated with nhIFN-α in 
comparison with matched negative controls. Conversely, a statistically significant increase in 
cell viability was observed in P3-X63-Ag8.653 mouse myeloma cells treated with rhIFN-α2a 
and rhIFN-α2b. This increase in cell viability occurred only in relation to their matched 
negative controls and was not dose-dependent (Plesničar et al., 2009). The differences in effects 
on P3-X63-Ag8.653 mouse myeloma cell viability between nhIFN-α and recombinant 
interferons probably occurred because nhIFN-α is composed of many subtypes of nhIFN-α 
and also contains trace amounts of IFN-γ, TNF-α, TNF-β, interleukin (IL)-1α, IL-1β, IL-2, IL-6, 
granulocyte-macrophage colony-stimulating factor and platelet-derived growth factor. 
Therefore, the decrease of cell viability in nhIFN-α treated P3-X63-Ag8.653 mouse myeloma 
cell cultures may have occurred in consequence of a synergistic effect of the various cytokines 
in nhIFN-α preparation. The quantities and the synergistic effect of the cytokines in nhIFN-α 
preparation are very small at lower concentrations and probably become active only at higher 
concentrations, thus accounting for the dose-dependent effects observed on cell growth 
(Plesničar et al., 2009; Šantak et al., 2007, Zidovec & Mažuran, 1999). In contrast to nhIFN-α, 
rhIFN-α2a and rhIFN-α2b are each preparations of only one subtype of IFN-α. The increase in 
cell viability in P3-X63-Ag8.653 mouse myeloma cell culture groups treated with rhIFN-α2a 
and rhIFN-α2b in our study was in accordance with a number of reports suggesting that IFN-α 
could induce uncontrolled cell proliferation in some patients with MM (Plesničar et al., 2009; 
Puthier et al., 2001; Sawamura et al., 1992). Interferon-α has been recognized as a survival 
factor in MM in some studies, the data supporting this claim are based on the results of studies 
using recombinant interferons-α (Cheriyath et al., 2007; Ferlin-Bezombes et al., 1998; Puthier et 
al., 2001). 

The P3-X63-Ag8.653 mouse myeloma cell line is routinely cultured in several types of 
growth media. The cells in P3-X63-Ag8.653 mouse myeloma cell line propagate in 
suspension and do not secrete immunoglobulin. They can be used as fusion partners for 
producing hybridomas and show lymphocyte-like morphology (Kearney et al., 1979). 
Human myeloma blood cells were described as carrying surface membrane monoclonal or 
idiotypic immunoglobulin structures, and were morphologically classified as atypical small 
to medium-sized lymphocytes, lymphoblasts, lymphoplasmacytoid, plasmacytoid cells or 
myeloma cells (Mellstedt et al., 1984). With regard to morphology and despite the 
differences, it may be possible that P3-X63-Ag8.653 mouse myeloma cells, growing in 
suspension cell cultures, share at least some common properties with circulating clonogenic 
CD19 positive and CD138 negative cells, described as phenotypically resembling mature B 
cells (Cremer et al., 2001; Matsui et al., 2004). 

The aim of the present study was to compare the effects of different doses of rTNF-α on the 
in-vitro growth of P3-X63-Ag8.653 mouse myeloma cells. Additionally, in one cell culture 
study group the aim was also to compare the effect of a combination of rTNF-α and nhIFN-
α with the effects of corresponding doses of single cytokines on the in-vitro growth of P3-
X63-Ag8.653 mouse myeloma cells. 

2. Materials and methods 
2.1 P3-X63-Ag8.653 mouse myeloma cell preparation 

The P3-X63-Ag8.653 mouse myeloma cells were retrieved from the frozen storage at -80 °C 
and cultured in 25 cm² cell culture flasks (Cole Parmer, Vernon Hills, IL, USA) in Dulbecco's 
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modified Eagle's medium (Sigma-Aldrich, St. Louis, MO, USA), supplemented with 10% 
fetal calf serum (FCS) (Sigma-Aldrich, St. Louis, MO, USA) and gentamycin (Krka, tovarna 
zdravil, d. d., Novo Mesto, Slovenia). The cells were incubated at 37 °C in a humidified 
atmosphere of 5% CO₂ for 48 hours.  

In preparation for this study, P3-X63-Ag8.653 mouse myeloma cell growth curves on 
logarithmic scale plots were established when the most convenient seeding density to be 
used was determined. Various time zero values ranged from 5 X 103 to 6 X 104 cells/ml and 
S-shaped growth curves were observed after cell concentrations measured in 24 hour 
intervals over the 96 hours were plotted on Keuffel & Esser 464970 Semi-Logarithmic Grids 
general purpose drawing paper. Time zero density of 104 P3-X63-Ag8.653 mouse myeloma 
cells/ml was found to be the most appropriate for the study. With the use of Keuffel & Esser 
464970 graph paper it was also possible to observe that P3-X63-Ag8.653 mouse myeloma 
cells started to enter the log phase in approximately 24 hours (one day) and the plateau 
phase in approximately 72 hours (three days). 

2.2 Recombinant human tumor necrosis factor-α, native human interferon-α and cell 
culture study groups 

Actively growing P3-X63.Ag8.653 mouse myeloma cells were seeded into 35 mm Petri 
dishes (Becton Dickinson, Franklin Lakes, NJ, USA) and incubated in each study group with 
three different concentrations of rTNF-α (Prospecbio, East Brunswick, NJ, USA). In the first 
study group the cells were incubated with 2, 10 and 20 IU/ml of rTNF-α, in the second with 
30, 40 and 50 IU/ml of rTNF-α, in the third with 100, 200 and 300 IU/ml of rTNF-α, and in 
the fourth study group with 400, 800 and 1200 IU/ml of rTNF-α. After the experiments with 
rTNF-α, in one study group the cells were incubated with a combination of 10 IU/ml of 
rTNF-α and 2000 IU/ML of nhIFN-α (Institute of Immunology Inc., Zagreb, Croatia). The 
combination was compared to the corresponding doses of single cytokines. Matched 
negative controls that consisted of P3-X63-Ag8.653 mouse myeloma cells cultured in the 
absence of cytokines were established for each of the different cytokine study groups. All 
experiments were replicated five times and 20 Petri dishes were used for each cytokine cell 
culture study group and their negative controls. Cell viability was assessed by Trypan blue 
exclusion in 24 hour intervals (days 1-4). 

2.3 Statistical analysis 

In proliferating cell lines, it is difficult to distinguish between early cell loss and prolonged 
lag phase in which cells are still adapting to their new environment (Wilson, 1994). The 
effects of different concentrations of rTNF-α and its combination with nhIFN-α were thus 
estimated with the use of whole growth curves to reduce the possibility of 
misinterpretation. Statistical evaluation was performed using SPSS® software package, 
version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows®. Analysis of variance (ANOVA) 
was used to assess the differences between and within different treatment groups and their 
negative control groups. P-values of < 0.05 were considered to be statistically significant. 

3. Results 
Treatment of P3-X63-Ag8.653 mouse myeloma cells with rTNF-α showed a statistically 
significant reduction in cell viability in comparison with negative control cells. The 
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reduction in cell viability occurred in dose-dependent manner, with higher doses having a 
greater effect (Table 1, Figures 1-4). Treatment of P3-X63-Ag8.653 mouse myeloma cells with 
400, 800 and 1200 IU/ml of rTNF-α showed a complete cessation of cell growth (Table 1), 
with the cells being unable to enter the log phase of the S-shaped growth curve (Figure 4). 
Treatment of P3-X63-Ag8.653 mouse myeloma cells with a combination of rTNF-α and 
nhIFN-α showed a statistically significant reduction in cell viability in comparison with 
negative control cells and cells treated exclusively with either rTNF-α or nhIFN-α. The 
addition of a small dose of rTNF-α (10 IU/ml) to the treatment of P3-X63-Ag8.653 mouse 
myeloma cells with a relatively high dose of nhIFN-α (2000 IU/ml) resulted in a further, 
although small, reduction in cell viability (Table 1, Figure 5). 
 

Cell study 
group Cytokine type 

Cytokine 
concentration 

(IU/ml) 

No. of cells (104/ml)
Mean +/- SE  
over days 0-4 

Statistical 
significance1 

rTNF-α (1)  Negative control 20.400 +/- 0.83306 P = 0.001 
 rTNF-α 2 20.187 +/- 1.65707  
 rTNF-α 10 16.675 +/- 1.99607  
 rTNF-α 20 13.425 +/- 0.54608  

rTNF-α (2)  Negative control 23.3250 +/- 1.96338 P = 0.000 
 rTNF-α 30 12.8750 +/- 0.55234  
 rTNF-α 40 10.4250 +/- 0.71709  
 rTNF-α 50 9.3750 +/- 0.20444  

rTNF-α (3)  Negative control 22.9000 +/- 0.79096 P = 0.000 
 rTNF-α 100 8.5125 +/- 0.32918  
 rTNF-α 200 5.9625 +/- 0.34403  
 rTNF-α 300 1.6750 +/- 0.07500  

rTNF-α (4)  Negative control 22.2000 +/- 1.16011 P = 0.000 
 rTNF-α 400 1.0375 +/- 0.05078  
 rTNF-α 800 0.9250 +/- 0.06673  
 rTNF-α 1200 0.6750 +/- 0.03644  

rTNF-α and 
nhIFN-α  Negative control 25.9625 +/- 0.62581 P = 0.000 

 rTNF-α 10 19.6375 +/- 1.07591  
 nhIFN-α 2000 5.8000 +/- 0.10346  

 rTNF-α and 
nhIFN-α 10 and 2000 4.8500 +/- 0.35609  

1Comparison between active treatment overall and the corresponding negative control in each cell 
study group. 

Table 1. Effect of recombinant human tumor necrosis factor-α (rTNF-α) at different 
concentrations, native human interferon-α (nhIFN-α) and the combination of rTNF-α and 
nhIFN-α on in-vitro P3-X63-Ag8.653 mouse myeloma cell growth. 

As expected, when the cell numbers for each cell study group of P3-X63-Ag8.653 mouse 
myeloma cells treated with the different concentrations of rTNF-α and with the combination 
of rTNF-α and nhIFN-α or their negative controls were plotted on a logarithmic scale for the 
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whole 96 hours (four days) period over which cell viability was measured, the growth 
curves were S-shaped. P3-X63-Ag8.653 mouse myeloma cells started to enter the log phase 
at approximately 24 hours (one day) and reached the plateau phase at approximately 72 
hours (three days) from incubation with the different concentrations of rTNF-α and with the 
combination of rTNF-α and nhIFN-α. The intermediate portions (log phase) of the S-shaped 
growth curves, approximately between 24 and 72 hours, were linear. The slopes of the 
growth curves in the treated cell culture study groups and their negative controls were not 
identical (Figures 1-5). 

 
Fig. 1. The effect of 2, 10 and 20 IU/ml of human recombinant TNF-α (rTNF-α) on in-vitro 
P3-X63-Ag8.653 mouse myeloma cell growth plotted on a logarithmic scale (logarithmic 
number of P3-X63-Ag8.653 cells/ml), showing a dose-dependent reduction in cell viability 
over four days of treatment. The reduction in cell growth observed with rTNF-α was 
statistically significant in comparison with negative control (P = 0.001). Legend: black, day 0; 
green, day 1; light blue, day 2; dark blue, day 3; violet, day 4. 
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whole 96 hours (four days) period over which cell viability was measured, the growth 
curves were S-shaped. P3-X63-Ag8.653 mouse myeloma cells started to enter the log phase 
at approximately 24 hours (one day) and reached the plateau phase at approximately 72 
hours (three days) from incubation with the different concentrations of rTNF-α and with the 
combination of rTNF-α and nhIFN-α. The intermediate portions (log phase) of the S-shaped 
growth curves, approximately between 24 and 72 hours, were linear. The slopes of the 
growth curves in the treated cell culture study groups and their negative controls were not 
identical (Figures 1-5). 

 
Fig. 1. The effect of 2, 10 and 20 IU/ml of human recombinant TNF-α (rTNF-α) on in-vitro 
P3-X63-Ag8.653 mouse myeloma cell growth plotted on a logarithmic scale (logarithmic 
number of P3-X63-Ag8.653 cells/ml), showing a dose-dependent reduction in cell viability 
over four days of treatment. The reduction in cell growth observed with rTNF-α was 
statistically significant in comparison with negative control (P = 0.001). Legend: black, day 0; 
green, day 1; light blue, day 2; dark blue, day 3; violet, day 4. 
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Fig. 2. The effect of 30, 40 and 50 IU/ml of human recombinant tumor necrosis factor-α 
(rTNF-α) on in-vitro P3-X63-Ag8.653 mouse myeloma cell growth plotted on a logarithmic 
scale (logarithmic number of P3-X63-Ag8.653 cells/ml), showing a dose-dependent 
reduction in cell viability over four days of treatment. The reduction in cell growth observed 
with rTNF-α was statistically significant in comparison with negative control (P = 0.000). 
Legend: black, day 0; green, day 1; light blue, day 2; dark blue, day 3; violet, day 4. 
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Fig. 3. The effect of 100, 200 and 300 IU/ml of human recombinant TNF-α (rTNF-α) on in-
vitro P3-X63-Ag8.653 mouse myeloma cell growth plotted on a logarithmic scale 
(logarithmic number of P3-X63-Ag8.653 cells/ml), showing a dose-dependent reduction in 
cell viability over four days of treatment. The reduction in cell growth observed with rTNF-
α was statistically significant in comparison with negative control (P = 0.000). Legend: black, 
day 0; green, day 1; blue, day 2; light violet, day 3; dark violet, day 4. 
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Fig. 4. The effect of 400, 800 and 1200 IU/ml of human recombinant TNF-α (rTNF-α) on in-
vitro P3-X63-Ag8.653 mouse myeloma cell growth plotted on a logarithmic scale 
(logarithmic number of P3-X63-Ag8.653 cells/ml), showing a dose-dependent reduction in 
cell viability over four days of treatment. The reduction in cell growth observed with  
rTNF-α was statistically significant in comparison with negative control (P = 0.000).  
Legend: black, day 0; green, day 1; light blue, day 2; dark blue, day 3; violet, day 4. 
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Fig. 5. The effect of 10 IU/ml of human recombinant TNF-α (rTNF-α), 2000 IU/ML of native 
human leukocyte interferon-α (nhIFN-α), and of a combination of 10 IU/ml of rTNF-α and 
2000 IU/ML of nhIFN-α on in-vitro P3-X63-Ag8.653 mouse myeloma cell growth plotted on 
a logarithmic scale (logarithmic number of P3-X63-Ag8.653 cells/ml), showing a reduction 
in cell viability over four days of treatment. The reduction in cell growth observed after 
treatment with rTNF-α, nhIFN-α, and with the combination of rTNF-α and nhIFN-α, was 
statistically significant in comparison with negative control (P = 0.000). Legend: black, day 0; 
green, day 1; light blue, day 2; dark blue, day 3; violet, day 4. 

4. Discussion 
Treatment with rTNF-α at different doses had a negative effect on in vitro P3-X63-Ag8.653 
mouse myeloma cell growth. A statistically significant dose-dependent reduction in cell 
viability was observed in P3-X63-Ag8.653 mouse myeloma cells treated with rTNF-α in 
comparison with negative controls. Additionally, a slightly enhanced reduction in P3-X63-
Ag8.653 mouse myeloma cell viability was observed in cells treated with the combination of 
rTNF-α and nhIFN-α, in comparison with negative controls and cells treated exclusively 
with either rTNF-α or nhIFN-α. 

The results of this study are surprising, as the treatment of P3-X63-Ag8.653 mouse myeloma 
with rTNF-α showed statistically significant reduction in cell viability compared with 
untreated control cells, with higher doses having greater effect. These results are in 
contradiction with numerous reports describing TNF-α as a survival and proliferation factor 
in MM (Harrison et al., 2006; Hideshima et al., 2004; Jourdan et al., 1999; Yasui et al., 2006; 
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Westendorf et al., 1996). However, TNF-α has previously also been described as an 
apoptotic factor in MM. The TNF-dependent trimerization of TNF receptors may lead to the 
recruitment of TRADD (TNF-R1 associated death domain protein), FADD (Fas-associated 
death domain protein) or RIP (receptor interacting protein) adapter proteins, resulting in 
activation and acceleration of caspase cascade (Baker & Reddy, 1996; Dai et al., 2003; 
Jourdan et al., 1999). This mechanism may further lead to apoptosis in MM cells (Jourdan et 
al., 1999).  

Treatment of P3-X63-Ag8.653 mouse myeloma cells with the combination of rTNF-α and 
nHIFN-α resulted in an enhancement of the reduction in cell viability in comparison with 
negative control cells and cells treated exclusively with either rTNF-α or nhIFN-α. The 
nHIFN-α used in this study contains traces of a number of other cytokines produced by 
human peripheral blood leukocytes infected by Sendai virus (Šantak et al., 2007, Zidovec & 
Mažuran, 1999). The differences between the slopes of the S-shaped growth curves in the 
rTNF-α treated P3-X63-Ag8.653 mouse myeloma cell cultures and their controls, and equally 
prominent differences between the slopes of the growth curves of cells treated with the 
combination of rTNF-α and nHIFN-α and corresponding doses of single cytokines and their 
controls, may indicate that the active mechanisms associated with rTNF-α and nHIFN-α, 
and involved in reduction of cell viability, share some similarities and may possibly benefit 
from the synergy between rTNF-α, various subtypes of IFN-α and the small amounts of a 
number of other cytokines in the nHIFN-α preparation (Desmyter et al., 1968; Plesničar et 
al., 2009). In this context, it would be interesting to identify whether TNF-α and IFN-α share 
any signaling pathways leading to the reduction in MM cell viability and MM cell death. 

Contrary to expectations, in this study treatment of P3-X63-Ag8.653 mouse myeloma cells 
with rTNF-α showed no increase, but a significant dose-dependent reduction in their cell 
viability. The P3-X63-Ag8.653 mouse myeloma cells propagate in suspension and show 
lymphocyte-like morphology (Kearney et al., 1979), and with this in mind, these cells may 
perhaps be useful in assessment of the effects rTNF-α may have on the growth of clonogenic 
B-cells in blood of patients with MM. Clonogenic B-cells represent the proliferating 
compartment in MM and possibly also a biologically distinct, drug-resistant MM progenitor 
population responsible for cell growth in tumor relapse after the treatment (Matsui et al., 
2004; Matsui et al., 2008). In comparison to terminally differentiated plasma cells in MM, 
clonogenic B-cells appear to be relatively resistant to a number of anti-cancer agents, 
including dexamethasone, bortezomib, lenalidomide, and 4-hydroxycyclophosphamide 
(Agarwal & Matsui, 2010; Matsui et al., 2008). Possible similarities between P3-X63-Ag8.653 
mouse myeloma cells and clonogenic B-cells in patients with MM, and because clonogenic 
B-cells are insensitive to standard cytotoxic chemotherapy and dexamethasone (Matsui et 
al., 2008), render the results observed in this study quite intriguing.  

It is known that the activity of TNF-α as a survival and proliferation factor for MM is a part 
of a complex network of interactions between MM plasma cells, stromal cells and other cells 
in BM (Jourdan et al., 1999; Matsui et al., 2008). In this in vitro study, P3-X63-Ag8.653 mouse 
myeloma cells were grown in suspension culture, probably resembling the circumstances in 
which clonogenic B-cells in patients with MM grow without influences of BM 
microenvironment (Matsui et al., 2008). In a number of studies, serum levels of TNF-α were 
shown to be increased in patients with active MM and manifest bone disease, and to be 
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associated with poor prognosis (Alexandrakis et al., 2004; Fillela et al., 1996; Jourdan et al., 
1999). Hypothetically, it may be possible to speculate that the increased serum levels of 
TNF-α in patients with active MM represent a part of a complex negative control loop 
mechanism that regulates and negatively affects the quantity of circulating clonogenic B-
cells in such patients. 

A heterologous system was used to evaluate the effects of rTNF-α and its combination with 
nHIFN-α on MM cells in-vitro. Recombinant human tumor necrosis factor-α and nHIFN-α 
used in this study were active in P3-X63-Ag8.653 mouse myeloma cells, again confirming 
the observations that cytokines synthesized in cells of one species may have a considerable 
effect in cells of another closely related species (Desmyter et al., 1968; Greenberg & Mosny, 
1977; Ozdemir et al., 2004). Moreover, MM cells are difficult to grow in vitro (Barker et al., 
1993). An important advantage of the P3-X63-Ag8.653 mouse myeloma cell line may also lie 
in its easy reproducibility, unlimited supply, infinite storability and recoverability, and 
consequently in important cost savings (Drexler & Matsuo, 2000). 

The results of this study point to the importance of the study of differential effects TNF-α 
may exert on malignant cells in MM during specific phases of their development and 
differentiation. It is possible that TNF-α may have a role in future carefully planned 
personalized therapy approaches based on genetic features, age, and other risk factors in 
patients with MM (Durie, 2008; Ludwig et al., 2008). Such therapy could perhaps include 
patients’ own TNF-α, IFN-α, other substances and their combinations, provided that 
effective procedures for the establishment and maintenance of ex vivo cell cultures of 
patients’ own cytokine-producing cells become available. 

5. Conclusion 
The results of this study point to the importance of assessing the role of TNF-α in study and 
therapy of MM. Additional studies with other cytokines and human MM cells are required 
to obtain further information.  
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1. Introduction 
Multiple myeloma (MM) is a clonal B cell malignant disease that is characterized by the 
proliferation of plasma cells in the bone marrow (BM) in association with monoclonal 
protein in the serum and/or urine, immune paresis, skeletal destruction, renal dysfunction, 
anemia, hypercalcemia and lytic bone diseases (Kyle & Rajkumar, 2004; Sirohi & Powles, 
2004). Although the introduction of conventional chemotherapy, high-dose therapy with 
hematopoietic stem cell transplantation (HSCT), and the development of novel molecular 
target agents has resulted in a marked improvement in overall survival, the disease still 
remains incurable (Attal & Harousseau, 2009; Lonial & Cavenagh, 2009). Alternative 
approaches are clearly needed to prolong the disease-free survival as well as the overall 
survival of patients with MM. To prolong the survival of patients with MM who are 
undergoing allogeneic HSCT, donor lymphocyte infusion can be used successfully as a 
salvage therapy, which is based on the graft-versus myeloma effect in some cases of MM 
that relapse after allogeneic HSCT (Harrison & Cook, 2005; Perez-Simon et al., 2003). This 
role of immune effector cells provides the framework for the development of immune-based 
therapeutic options that use antigen-presenting cells (APCs) with increased potency, such as 
dendritic cells (DCs), in MM (Harrison & Cook, 2005). 

DCs are the most potent APCs for initiating cellular immune responses through the 
stimulation of naive T cells. Immature DCs are good at antigen uptake and processing, but 
for a stimulatory T cell response they must mature to become fully activated DCs, which 
express high levels of cell surface-related major histocompatibility complex (MHC)-antigen 
and costimulatory molecules. Because of their ability to stimulate T cells, DCs act as a link in 
antitumor immune responses between innate immunity and adaptive immunity 
(Banchereau & Steinman, 1998). These DCs play a central role in various immunotherapy 
protocols by generation of cytotoxic T lymphocytes (CTLs) (Reid, 2001). DC-based vaccines 
have become the most attractive tool for cancer immunotherapy and have been used in the 
treatment of more than 20 malignancies, most commonly melanoma, renal cell carcinoma, 
prostate cancer and colorectal carcinoma (Palucka et al., 2011; Ridgway, 2003). In MM, 
cellular immunotherapy using DCs is emerging as a useful immunotherapeutic modality to 
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treat MM (Ridgway, 2003). Since tumor antigen-loaded DCs are expected to be able to 
stimulate tumor-specific CTLs and to overcome T cell tolerance in tumor patients, the 
development of DC vaccines that can consistently eliminate minimal residual neoplastic 
disease remains an important goal in the field of tumor immunology (Banchereau & 
Palucka, 2005). 

2. Stream of DC research in MM 
MM is believed to induce immunoparesis that interferes with DC function, which 
diminishes the effective antitumor immune responses in these patients. Usually, ex vivo DCs 
are generated from circulating blood precursors (i.e. monocytes) or bone marrow progenitor 
cells and are educated with tumor antigens prior to vaccination to patients. Ex vivo 
generated DCs can be loaded with myeloma-associated antigens as vaccines for patients 
with MM. The use of immature DCs or mature DCs, the way to induce DC maturation, 
types of tumor antigens, the techniques to load tumor antigens to DCs, routes of 
administration, dosing schedules are being investigated (Figdor et al., 2004; Nestle et al., 
2001). 

2.1 Idiotype and idiotype-pulsed DCs in MM 

B cell malignancies are distinct from other types of cancer in that a tumor-specific antigen 
can be defined, namely the variable (V)-regions of the monoclonal immunoglobulin (Ig) that 
each B cell tumor clone produces. These V-region antigenic determinants are called 
idiotopes, and the sums of the idiotopes represent the idiotype (Id) of the monoclonal Ig. Id 
has distinct advantages as a tumor-specific antigen, which can be readily isolated from the 
plasma of MM patients (Hart & Hill, 1999). The Id protein has been used for 
immunotherapy both in vitro and in vivo in MM, and has demonstrated a successful 
response in follicular lymphoma and a unique expression of Id on the malignant B cell clone 
(Bergenbrant et al., 1996; Kwak et al., 1995). The first reported in 1971 demonstrated that Id 
is immunogenic in mice of the same inbred strain in which the myeloma cell originally 
developed (Sirisinha & Eisen, 1971). In addition, Id vaccination could induce both antibody 
and Id-specific T cells including CD4+ T cell and CD8+ T cell response by the presentation of 
Id protein on MHC class I and II of professional APCs. Id-specific CD4+ T cells appeared to 
be more frequent than CD8+ cells to response against Id protein. Id-specific CTL lines could 
be generated that killed autologous primary myeloma cells in vitro, and killing activity was 
induced by only MHC class I–restricted (Li et al., 2000), while in the other report both class 
I– and class II–restriction was observed (Wen et al., 2001). In MM, a number of studies 
using id vaccination in alone or in combination with cytokines and/or conjugate has been 
investigated. The Id protein was used as an autologous myeloma protein either alone 
(Bergenbrant et al., 1996) or combination with cytokine IL-2 with or without granulocyte-
macrophage colony-stimulating factor (GM-CSF) (Hansson et al., 2007; Osterborg et al., 
1998; Rasmussen et al., 2003) or conjugation with keyhole limpet hemocyanin (KLH) to 
vaccinate myeloma patients (Coscia et al., 2004; Massaia et al., 1999). In general, Id-specific 
responses were observed with variable frequency, in which T cell and B cell responses were 
detected in vitro following Id vaccination, but clinical responses were unsatisfactory and the 
long time response was not observed. 
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Autologous DCs that were generated from MM patients have been shown to efficiently 
endocytose different classes of Id protein, and autologous Id-specific CTLs lines containing 
both CD4+ and CD8+ T cells that were generated by Id-pulsed DCs significantly recognized 
and killed the autologous primary myeloma cells in vitro (Butch et al., 2001; Wen et al., 
2001). Until now, the various studies of DC-based Id vaccination in MM have been reported 
(Bendandi et al., 2006; Lim & Bailey-Wood, 1999; Liso et al., 2000; Reichardt et al., 2003; 
Rollig et al., 2011; Titzer et al., 2000; Yi et al., 2002, 2010). Although Id-specific CTLs and 
immune response could be induced in some patients, clinical responses have been observed 
rarely in few patients after vaccination (Titzer et al., 2000). The Id-pulsed DC in combination 
with KLH (Liso et al., 2000; Yi et al., 2010), cytokine IL-2 (Yi et al., 2002) were used for 
vaccination in MM patients to improve the effectiveness of Id-pulsed DC vaccine. However, 
even both cellular and antibody responses have been observed, the clinical response also 
was not improvement following vaccinations. The reasons for these results may be 
attributed mainly to the Id protein as a weak antigen, and the use of immature DCs in some 
studies (Lim & Bailey-Wood, 1999; Osterborg et al., 1998; Wen et al., 1998). 

2.2 Myeloma-associated antigens-based DC immunotherapy 

Tumor-associated antigens (TAAs) have been identified in many tumor types including 
solid tumors and hematological malignancies. The highly specific TAAs such as the antigen 
that are present in one or only a few individuals and not found in normal cells for a 
particular tumor, or are only present in a number of related tumors from different patients 
or overexpress in increasing amounts in malignant cells were the greatest potential for 
clinically useful assays. Successful immunotherapy requires these sources of TAAs, which 
provide immune responses against the tumor cells or the cancer tissues that express the 
TAA on the tumors. A variety of myeloma-associated antigens have been identified in MM 
patients, which possibility provides an immune response by DC-based vaccine. Many 
potential TAAs in MM have been investigated including polymorphic epithelial mucin 
(MUC1), human telomerase reverse transcriptase (hTERT), PRAME, HM1.24, SP17, Wilms’ 
tumor I (WTI), Dickkopf-1 (DKK1), heat shock protein (HSP) gp96 or member of cancer 
germ-like family (MAGE, GAGE, BAGE, LAGE, NY-ESO-1) (Batchu et al., 2005; Brossart et 
al., 2001; Hundemer et al., 2006; Lim et al., 2001; Qian et al., 2007; Szmania et al., 2006). T 
cells from myeloma patients can recognize a variety of TAAs, which suggesting that the T-
cell has the capacity to kill myeloma cells selectively if these clonal populations can be 
activated and expanded effectively by a potent TAA. Among the various TAAs, some have 
been tested as peptide vaccines and only a few of them has been tested in vitro to induce 
TAA-specific CTLs response via loading the potent TAA to DCs in MM. The first TAAs 
pulsed with DCs in MM was MUC1, which was expressed on all of MM cell lines and 
primary myeloma cells and in sera of MM patients. Vaccination with MUC1 antigen has not 
been studied in MM patients, but MUC1-specific CTLs that were induced in vitro using 
peptide-pulsed DCs or plasma cell RNA-loaded DCs efficiently killed not only target cells 
pulsed with the antigenic peptide but also MM cells (Brossart et al., 2001; Milazzo et al., 
2003). NY-ESO-1 is the most immunogenic of the cancer testis antigens, which are expressed 
in a variety of tumors, while their presence in normal tissue is limited to the testis and 
placenta (Szmania et al., 2006). In MM, expression of NY-ESO-1 has been correlated with 
more advanced disease (van Rhee et al., 2005). Spontaneous humoral and CD8+ T cell-
mediated responses to NY-ESO-1 have been identified in patients with advanced disease 
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treat MM (Ridgway, 2003). Since tumor antigen-loaded DCs are expected to be able to 
stimulate tumor-specific CTLs and to overcome T cell tolerance in tumor patients, the 
development of DC vaccines that can consistently eliminate minimal residual neoplastic 
disease remains an important goal in the field of tumor immunology (Banchereau & 
Palucka, 2005). 

2. Stream of DC research in MM 
MM is believed to induce immunoparesis that interferes with DC function, which 
diminishes the effective antitumor immune responses in these patients. Usually, ex vivo DCs 
are generated from circulating blood precursors (i.e. monocytes) or bone marrow progenitor 
cells and are educated with tumor antigens prior to vaccination to patients. Ex vivo 
generated DCs can be loaded with myeloma-associated antigens as vaccines for patients 
with MM. The use of immature DCs or mature DCs, the way to induce DC maturation, 
types of tumor antigens, the techniques to load tumor antigens to DCs, routes of 
administration, dosing schedules are being investigated (Figdor et al., 2004; Nestle et al., 
2001). 

2.1 Idiotype and idiotype-pulsed DCs in MM 

B cell malignancies are distinct from other types of cancer in that a tumor-specific antigen 
can be defined, namely the variable (V)-regions of the monoclonal immunoglobulin (Ig) that 
each B cell tumor clone produces. These V-region antigenic determinants are called 
idiotopes, and the sums of the idiotopes represent the idiotype (Id) of the monoclonal Ig. Id 
has distinct advantages as a tumor-specific antigen, which can be readily isolated from the 
plasma of MM patients (Hart & Hill, 1999). The Id protein has been used for 
immunotherapy both in vitro and in vivo in MM, and has demonstrated a successful 
response in follicular lymphoma and a unique expression of Id on the malignant B cell clone 
(Bergenbrant et al., 1996; Kwak et al., 1995). The first reported in 1971 demonstrated that Id 
is immunogenic in mice of the same inbred strain in which the myeloma cell originally 
developed (Sirisinha & Eisen, 1971). In addition, Id vaccination could induce both antibody 
and Id-specific T cells including CD4+ T cell and CD8+ T cell response by the presentation of 
Id protein on MHC class I and II of professional APCs. Id-specific CD4+ T cells appeared to 
be more frequent than CD8+ cells to response against Id protein. Id-specific CTL lines could 
be generated that killed autologous primary myeloma cells in vitro, and killing activity was 
induced by only MHC class I–restricted (Li et al., 2000), while in the other report both class 
I– and class II–restriction was observed (Wen et al., 2001). In MM, a number of studies 
using id vaccination in alone or in combination with cytokines and/or conjugate has been 
investigated. The Id protein was used as an autologous myeloma protein either alone 
(Bergenbrant et al., 1996) or combination with cytokine IL-2 with or without granulocyte-
macrophage colony-stimulating factor (GM-CSF) (Hansson et al., 2007; Osterborg et al., 
1998; Rasmussen et al., 2003) or conjugation with keyhole limpet hemocyanin (KLH) to 
vaccinate myeloma patients (Coscia et al., 2004; Massaia et al., 1999). In general, Id-specific 
responses were observed with variable frequency, in which T cell and B cell responses were 
detected in vitro following Id vaccination, but clinical responses were unsatisfactory and the 
long time response was not observed. 
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Autologous DCs that were generated from MM patients have been shown to efficiently 
endocytose different classes of Id protein, and autologous Id-specific CTLs lines containing 
both CD4+ and CD8+ T cells that were generated by Id-pulsed DCs significantly recognized 
and killed the autologous primary myeloma cells in vitro (Butch et al., 2001; Wen et al., 
2001). Until now, the various studies of DC-based Id vaccination in MM have been reported 
(Bendandi et al., 2006; Lim & Bailey-Wood, 1999; Liso et al., 2000; Reichardt et al., 2003; 
Rollig et al., 2011; Titzer et al., 2000; Yi et al., 2002, 2010). Although Id-specific CTLs and 
immune response could be induced in some patients, clinical responses have been observed 
rarely in few patients after vaccination (Titzer et al., 2000). The Id-pulsed DC in combination 
with KLH (Liso et al., 2000; Yi et al., 2010), cytokine IL-2 (Yi et al., 2002) were used for 
vaccination in MM patients to improve the effectiveness of Id-pulsed DC vaccine. However, 
even both cellular and antibody responses have been observed, the clinical response also 
was not improvement following vaccinations. The reasons for these results may be 
attributed mainly to the Id protein as a weak antigen, and the use of immature DCs in some 
studies (Lim & Bailey-Wood, 1999; Osterborg et al., 1998; Wen et al., 1998). 

2.2 Myeloma-associated antigens-based DC immunotherapy 

Tumor-associated antigens (TAAs) have been identified in many tumor types including 
solid tumors and hematological malignancies. The highly specific TAAs such as the antigen 
that are present in one or only a few individuals and not found in normal cells for a 
particular tumor, or are only present in a number of related tumors from different patients 
or overexpress in increasing amounts in malignant cells were the greatest potential for 
clinically useful assays. Successful immunotherapy requires these sources of TAAs, which 
provide immune responses against the tumor cells or the cancer tissues that express the 
TAA on the tumors. A variety of myeloma-associated antigens have been identified in MM 
patients, which possibility provides an immune response by DC-based vaccine. Many 
potential TAAs in MM have been investigated including polymorphic epithelial mucin 
(MUC1), human telomerase reverse transcriptase (hTERT), PRAME, HM1.24, SP17, Wilms’ 
tumor I (WTI), Dickkopf-1 (DKK1), heat shock protein (HSP) gp96 or member of cancer 
germ-like family (MAGE, GAGE, BAGE, LAGE, NY-ESO-1) (Batchu et al., 2005; Brossart et 
al., 2001; Hundemer et al., 2006; Lim et al., 2001; Qian et al., 2007; Szmania et al., 2006). T 
cells from myeloma patients can recognize a variety of TAAs, which suggesting that the T-
cell has the capacity to kill myeloma cells selectively if these clonal populations can be 
activated and expanded effectively by a potent TAA. Among the various TAAs, some have 
been tested as peptide vaccines and only a few of them has been tested in vitro to induce 
TAA-specific CTLs response via loading the potent TAA to DCs in MM. The first TAAs 
pulsed with DCs in MM was MUC1, which was expressed on all of MM cell lines and 
primary myeloma cells and in sera of MM patients. Vaccination with MUC1 antigen has not 
been studied in MM patients, but MUC1-specific CTLs that were induced in vitro using 
peptide-pulsed DCs or plasma cell RNA-loaded DCs efficiently killed not only target cells 
pulsed with the antigenic peptide but also MM cells (Brossart et al., 2001; Milazzo et al., 
2003). NY-ESO-1 is the most immunogenic of the cancer testis antigens, which are expressed 
in a variety of tumors, while their presence in normal tissue is limited to the testis and 
placenta (Szmania et al., 2006). In MM, expression of NY-ESO-1 has been correlated with 
more advanced disease (van Rhee et al., 2005). Spontaneous humoral and CD8+ T cell-
mediated responses to NY-ESO-1 have been identified in patients with advanced disease 
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(Szmania et al., 2006; van Rhee et al., 2005). Although the clinical trial using NY-ESO-1 with 
DCs has not been tested, the in vitro monocyte-derived DCs transduced with the PTD-NY-
ESO-1 protein can induce CD8+ cellular antitumor immunity superior to that achieved with 
NY-ESO-1 protein alone (Batchu et al., 2005). Sperm protein 17 (Sp17), the other 
immunogenic TAA, has been used as a tumor antigen to load into DCs. Sp17-specific HLA 
class I-restricted CTLs were successfully generated by DCs that have been loaded with a 
recombinant Sp17 protein and the CTLs were able to kill autologous tumor cells that 
expressed Sp17 (Chiriva-Internati et al., 2002). The over-expression of hTERT on MM 
compared to normal cells indicated that this telomerase could be used as tumor antigen to 
induce antitumor immune responses (Vonderheide et al., 1999). hTERT was capable of 
triggering antitumor CTL responses and kill hTERT+ tumor cells (Vonderheide et al., 1999). 
Recently, the activated T lymphocytes that were stimulated by DCs loaded with hTERT- and 
MUC1-derived nonapeptides were successfully able to kill myeloma cell line (Ocadlikova et 
al., 2010). DKK1, a novel protein that is not expressed in most normal tissues but is 
expressed in almost myeloma cells, could be a potentially important antigenic target for 
antimyeloma immunotherapy (Qian et al., 2007). DKK1-specific CTLs that were generated 
by DCs pulsed with DKK1 peptides were specifically lysed autologous primary myeloma 
cells and DKK1-positive cell line (Qian et al., 2007). In general, TAAs could be a major 
interest in immunotherapy in MM. However, problems that should be solved before starting 
the clinical trials include defining whether a specific TAA is a suitable and safe for 
immunotherapy of patients with MM. One problem was that TAA susceptible of inducing 
autoimmunity provided that autoimmunity remains limited to some tissues or is 
controllable. The other problem was that some members such as Sp17 and MUC1 have been 
detected in normal tissues; therefore, it remains to be elucidated whether specific CTLs are 
able to recognize only myeloma cells. Furthermore, although the other TAA such as PRAME 
and Sp17 could be over-expressed on almost MM cell lines, only a small number of tumor 
samples from MM patients showed a similar level, limiting its usefulness as an isolated TAA 
in MM. To overcome the effect of TAAs-based immunotherapy, trials involving more than 
one TAA need to be designed. Taken together, the data support DC immunotherapy with 
TAAs as being a promising immunotherapy to support to clinical trials in MM. 

2.3 Whole tumor antigen-based DC immunotherapy 

An alternative to Id protein- or TAA-based immunotherapy in MM is to use other tumor 
antigens that derived from whole tumor preparation to improve the efficacy of the DC 
vaccination in patients with MM. Although a single TAA has the possibility to induce the 
antitumor immune responses against MM, tumors may escape immune recognition by 
down-regulating expression of a particular antigen. In contrast, DCs loaded with antigens 
derived from whole tumor cells can improve the antitumor response and that limits the risk 
for immunological escape. There have been increasing reports of these alternative 
approaches, such as DCs pulsed with myeloma lysates (Hayashi et al., 2003; Lee et al., 2007; 
Wen et al., 2002), DCs pulsed with myeloma apoptotic bodies (Nguyen-Pham et al., 2011; 
Yang et al., 2010; Yang et al., 2011), DCs transfected with myeloma-derived RNA (Milazzo et 
al., 2003), DCs pulsed with myeloma-derived HSP gp96 (Qian et al., 2005; Qian et al., 2009), 
or DC-myeloma cell hybrids (Gong et al., 2002; Hao et al., 2004; Vasir et al., 2005). These 
techniques have the advantage of allowing the presentation of multiple epitopes to MHC on 
DCs, therefore can induce polyclonal T cell response from many potentially unknown TAAs 
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and reduce the probability of immune escape by single TAA. The first study reported that 
bone marrow mononuclear cells from the patients with MM contained more than 90% 
CD138+CD38+ myeloma plasma cells and CTLs that were generated by DCs loaded with 
myeloma cell lysates demonstrated much stronger cytotoxicity against autologous plasma 
cells than did those by Id protein-pulsed DCs, which suggested the superiority of the 
myeloma cell itself as a source of a tumor antigen compared with the Id protein (Wen et al., 
2002). In other myeloma model, DCs pulsed with purified and optimized myeloma cell 
lysate were shown to generate CTLs that killed autologous tumor cells but not against 
mismatch HLA cell lines or K562 cell lines in vitro (Lee et al., 2007). The apoptotic bodies 
derived from either myeloma cell lines or patient’s myeloma cells also have been used as 
tumor antigen to loading with DCs. Interestingly, apoptotic bodies were shown to be more 
effective than cell lysate at inducing CTLs against autologous myeloma cells (Hayashi et al., 
2003). Heat shock proteins (HSPs) are a class of functionally related proteins whose 
expression is increased when cells are exposed to elevated temperatures or other stress. 
Tumor-derived HSPs, such as HSP70 and gp96, are immunogenic and potent in stimulating 
the generation of tumor-specific CTLs. Myeloma-derived gp96 has been obtained and used 
to pulse DCs to generate the specific CTLs in MM. The specific CTLs was able to lyse 
myeloma tumor cells but not normal blood cells in a MHC class I–restricted manner and 
provide a rationale for gp96-based immunotherapy in MM (Qian et al., 2005; Qian et al., 
2009). In other way, a promising vaccine strategy in which the autologous DCs were fused 
with patient-derived tumor cells has been developed. DC fused with tumor can stimulate 
both helper and cytotoxic T cell responses through the presentation of internalized and 
newly synthesized antigens (Vasir et al., 2005). In mouse MM models, vaccination with DCs 
fused with either myeloma cells or tumor cells that were genetically modified to express 
CD40L resulted in eradication of disease in tumor-bearing animal and protective against 
subsequent tumor challenge in animals (Gong et al., 2002; Hao et al., 2004). Recently, a phase 
1 study in which patients with MM underwent serial vaccination with the DC fused with 
MM cell fusions in conjunction with GM-CSF (Rosenblatt et al., 2011) resulted in the 
expansion of circulating CD4+ and CD8+ lymphocytes reactive with autologous myeloma 
cells in 11 of 15 MM patients and a majority of patients with advanced disease demonstrated 
disease stabilization. In general, the production of DC vaccine by using whole tumor 
antigens has become promising in order to induce immunotherapy against MM. 

3. Innovative researches in the field of DC vaccination 
3.1 Immune disorder in MM 

Usually, hematologic malignancies elicit measurable, albeit weak, immunogenic responses 
that are generally unable to mediate tumor destruction. They are able to escape immune 
surveillance by down-regulation of immune markers such as costimulatory molecules and 
MHC class I and II molecules as well as through the production of immunosuppressive 
cytokines by the tumor cells or by activation of suppressor cells such as regulatory T cells 
(Treg) and myeloid-derived suppressor cells (MDSCs) (Kim et al., 2007). In particularly, MM 
induces immune paresis (Quach et al., 2010). Patients with MM have basically dysfunctional 
DCs that are functionally defective, evidenced by the decreased number of circulating 
precursors of DCs as well as impaired T cell stimulatory capacity (Brown et al., 2001; Ratta 
et al., 2002; Tucci et al., 2011). DCs in MM patients are a target of tumor-associated 
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(Szmania et al., 2006; van Rhee et al., 2005). Although the clinical trial using NY-ESO-1 with 
DCs has not been tested, the in vitro monocyte-derived DCs transduced with the PTD-NY-
ESO-1 protein can induce CD8+ cellular antitumor immunity superior to that achieved with 
NY-ESO-1 protein alone (Batchu et al., 2005). Sperm protein 17 (Sp17), the other 
immunogenic TAA, has been used as a tumor antigen to load into DCs. Sp17-specific HLA 
class I-restricted CTLs were successfully generated by DCs that have been loaded with a 
recombinant Sp17 protein and the CTLs were able to kill autologous tumor cells that 
expressed Sp17 (Chiriva-Internati et al., 2002). The over-expression of hTERT on MM 
compared to normal cells indicated that this telomerase could be used as tumor antigen to 
induce antitumor immune responses (Vonderheide et al., 1999). hTERT was capable of 
triggering antitumor CTL responses and kill hTERT+ tumor cells (Vonderheide et al., 1999). 
Recently, the activated T lymphocytes that were stimulated by DCs loaded with hTERT- and 
MUC1-derived nonapeptides were successfully able to kill myeloma cell line (Ocadlikova et 
al., 2010). DKK1, a novel protein that is not expressed in most normal tissues but is 
expressed in almost myeloma cells, could be a potentially important antigenic target for 
antimyeloma immunotherapy (Qian et al., 2007). DKK1-specific CTLs that were generated 
by DCs pulsed with DKK1 peptides were specifically lysed autologous primary myeloma 
cells and DKK1-positive cell line (Qian et al., 2007). In general, TAAs could be a major 
interest in immunotherapy in MM. However, problems that should be solved before starting 
the clinical trials include defining whether a specific TAA is a suitable and safe for 
immunotherapy of patients with MM. One problem was that TAA susceptible of inducing 
autoimmunity provided that autoimmunity remains limited to some tissues or is 
controllable. The other problem was that some members such as Sp17 and MUC1 have been 
detected in normal tissues; therefore, it remains to be elucidated whether specific CTLs are 
able to recognize only myeloma cells. Furthermore, although the other TAA such as PRAME 
and Sp17 could be over-expressed on almost MM cell lines, only a small number of tumor 
samples from MM patients showed a similar level, limiting its usefulness as an isolated TAA 
in MM. To overcome the effect of TAAs-based immunotherapy, trials involving more than 
one TAA need to be designed. Taken together, the data support DC immunotherapy with 
TAAs as being a promising immunotherapy to support to clinical trials in MM. 

2.3 Whole tumor antigen-based DC immunotherapy 

An alternative to Id protein- or TAA-based immunotherapy in MM is to use other tumor 
antigens that derived from whole tumor preparation to improve the efficacy of the DC 
vaccination in patients with MM. Although a single TAA has the possibility to induce the 
antitumor immune responses against MM, tumors may escape immune recognition by 
down-regulating expression of a particular antigen. In contrast, DCs loaded with antigens 
derived from whole tumor cells can improve the antitumor response and that limits the risk 
for immunological escape. There have been increasing reports of these alternative 
approaches, such as DCs pulsed with myeloma lysates (Hayashi et al., 2003; Lee et al., 2007; 
Wen et al., 2002), DCs pulsed with myeloma apoptotic bodies (Nguyen-Pham et al., 2011; 
Yang et al., 2010; Yang et al., 2011), DCs transfected with myeloma-derived RNA (Milazzo et 
al., 2003), DCs pulsed with myeloma-derived HSP gp96 (Qian et al., 2005; Qian et al., 2009), 
or DC-myeloma cell hybrids (Gong et al., 2002; Hao et al., 2004; Vasir et al., 2005). These 
techniques have the advantage of allowing the presentation of multiple epitopes to MHC on 
DCs, therefore can induce polyclonal T cell response from many potentially unknown TAAs 
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and reduce the probability of immune escape by single TAA. The first study reported that 
bone marrow mononuclear cells from the patients with MM contained more than 90% 
CD138+CD38+ myeloma plasma cells and CTLs that were generated by DCs loaded with 
myeloma cell lysates demonstrated much stronger cytotoxicity against autologous plasma 
cells than did those by Id protein-pulsed DCs, which suggested the superiority of the 
myeloma cell itself as a source of a tumor antigen compared with the Id protein (Wen et al., 
2002). In other myeloma model, DCs pulsed with purified and optimized myeloma cell 
lysate were shown to generate CTLs that killed autologous tumor cells but not against 
mismatch HLA cell lines or K562 cell lines in vitro (Lee et al., 2007). The apoptotic bodies 
derived from either myeloma cell lines or patient’s myeloma cells also have been used as 
tumor antigen to loading with DCs. Interestingly, apoptotic bodies were shown to be more 
effective than cell lysate at inducing CTLs against autologous myeloma cells (Hayashi et al., 
2003). Heat shock proteins (HSPs) are a class of functionally related proteins whose 
expression is increased when cells are exposed to elevated temperatures or other stress. 
Tumor-derived HSPs, such as HSP70 and gp96, are immunogenic and potent in stimulating 
the generation of tumor-specific CTLs. Myeloma-derived gp96 has been obtained and used 
to pulse DCs to generate the specific CTLs in MM. The specific CTLs was able to lyse 
myeloma tumor cells but not normal blood cells in a MHC class I–restricted manner and 
provide a rationale for gp96-based immunotherapy in MM (Qian et al., 2005; Qian et al., 
2009). In other way, a promising vaccine strategy in which the autologous DCs were fused 
with patient-derived tumor cells has been developed. DC fused with tumor can stimulate 
both helper and cytotoxic T cell responses through the presentation of internalized and 
newly synthesized antigens (Vasir et al., 2005). In mouse MM models, vaccination with DCs 
fused with either myeloma cells or tumor cells that were genetically modified to express 
CD40L resulted in eradication of disease in tumor-bearing animal and protective against 
subsequent tumor challenge in animals (Gong et al., 2002; Hao et al., 2004). Recently, a phase 
1 study in which patients with MM underwent serial vaccination with the DC fused with 
MM cell fusions in conjunction with GM-CSF (Rosenblatt et al., 2011) resulted in the 
expansion of circulating CD4+ and CD8+ lymphocytes reactive with autologous myeloma 
cells in 11 of 15 MM patients and a majority of patients with advanced disease demonstrated 
disease stabilization. In general, the production of DC vaccine by using whole tumor 
antigens has become promising in order to induce immunotherapy against MM. 

3. Innovative researches in the field of DC vaccination 
3.1 Immune disorder in MM 

Usually, hematologic malignancies elicit measurable, albeit weak, immunogenic responses 
that are generally unable to mediate tumor destruction. They are able to escape immune 
surveillance by down-regulation of immune markers such as costimulatory molecules and 
MHC class I and II molecules as well as through the production of immunosuppressive 
cytokines by the tumor cells or by activation of suppressor cells such as regulatory T cells 
(Treg) and myeloid-derived suppressor cells (MDSCs) (Kim et al., 2007). In particularly, MM 
induces immune paresis (Quach et al., 2010). Patients with MM have basically dysfunctional 
DCs that are functionally defective, evidenced by the decreased number of circulating 
precursors of DCs as well as impaired T cell stimulatory capacity (Brown et al., 2001; Ratta 
et al., 2002; Tucci et al., 2011). DCs in MM patients are a target of tumor-associated 
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suppressive factors, such as interleukin (IL)-10, transforming growth factor beta (TGF-), 
vascular endothelial growth factor (VEGF), and IL-6, resulting in their aberrant functions 
and impaired development of effector functions in tumor-specific lymphocytes (Brown et 
al., 2001; Ratta et al., 2002). In addition, the survival and proliferation of tumor cells is 
partially facilitated by the impaired endogenous immune surveillance against tumor 
antigens (Zou, 2005). Myeloma cells can produce immunoinhibitory cytokines, such as TGF-
, IL-10, IL-6 and VEGF, which play major roles in the pathogenesis of MM (Brown et al., 
2001; Ratta et al., 2002). These tumor-derived factors can also modulate anti-tumor host 
immune responses, including the abrogation of DC function, by constitutive activation of 
the signal transducer and activator of transcription 3 (STAT3) (Yu et al., 2007). Impairment 
in both humoral and cellular immunity in MM is associated with impaired B cell 
differentiation and antibody responses (Brown et al., 2001), reduced T cell numbers 
specifically CD4+ T cells and abnormal Th1/Th2 CD4+ T cell ratio (Ogawara et al., 2005), 
impaired CTL responses (Maecker et al., 2003), and dysfunction of NK cells (Jarahian et al., 
2007) and NKT cells (Dhodapkar et al., 2003). In addition, dysregulation of natural 
CD4+CD25+T regulatory (Treg) has been reported (Prabhala et al., 2006). Tregs are a group 
of immuno-suppressive T cells that have been implicated in the suppression of tumor 
immunity (Curiel, 2007). A higher number of Tregs were reported in myeloma capable of 
suppressive activity at T cell stimulation (Beyer et al., 2006). Recently, a human study 
reported that the proportion of CD4+FOXP3+ Treg cells was increased in MM patients at 
diagnosis and Treg cells from patients with MM were functionally intact as they were able 
to inhibit proliferation of both CD4 and CD8 T cells (Brimnes et al., 2010). More recently, the 
discovery of myeloid-derived suppressor cells (MDSCs) revealed these cells as potent 
suppressors of tumor immunity and, therefore, a significant impediment to cancer 
immunotherapy (Ostrand-Rosenberg & Sinha, 2009). MDSCs are a heterogeneous 
population of cells of myeloid origin, which are present and accumulate in most cancer 
patients and experimental animals with cancer, and which are considered as a major 
contributor to the profound immune dysfunction of most patients with sizable tumor 
burdens (Ostrand-Rosenberg & Sinha, 2009). MDSC levels in cancer patients are driven by 
tumor burden and by the diversity of factors produced by the tumor and by host cells in the 
tumor microenvironment (Gabrilovich & Nagaraj, 2009). MDSCs suppress antitumor 
immunity through a variety of diverse mechanisms (Gabrilovich & Nagaraj, 2009). MDSCs 
can suppress the activation of T cells, B cells, natural killer (NK) cells and NKT cells. In 
contrast, MDSCs can enhance the induction of Tregs. Antigen presentation is also limited by 
the expansion of MDSC at the expense of DCs. Recently, an increase in the proportion of 
CD14+HLA-DR-/low MDSC in patients with MM at diagnosis was described, illustrating that 
this cell fraction is also distorted in patients with MM (Brimnes et al., 2010). Taken together, 
the immune paresis in patients with MM suggested that DC-based vaccine therapies in MM 
need to be boosted with other alternative approaches or potent DCs may be needed to 
increase the effectiveness of vaccination. 

3.2 Key points to improve DC vaccination in MM 

For improving clinical outcomes using DC-based immunotherapy, there have been 
increasing reports of alternative approaches, such as better cytokine combinations to 
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enhance DC function, effective tumor antigens to induce specific CTLs, or modifying signal 
transcriptions to overcome defective DC function. Our experience in the DC research field 
has revealed several key points to improve DC vaccination in cancer patients (Fig. 1). 

 
Fig. 1. Key points to improve DC vaccination in cancer patients. Abbreviations: CTL, 
cytotoxic T lymphocyte; DCs, dendritic cells; TA, tumor antigen; LNs, lymph nodes; Treg, 
regulatory T cell; MDSC, myeloid-derived suppressor cell. 

As described above, the results of immunotherapy with Id-pulsed DCs have been 
unsatisfying. An alternative to Id protein is to use other tumor antigens that improve the 
efficacy of the DC vaccination in patients with MM. The selected antigen should possess the 
best characteristics to induce high cross presentation, be tumor specific, be easily available, 
but be unable to induce immune suppression. Whole tumor antigens is the best tumor 
antigen, which has been selected by many investigators including myeloma cell lysates 
(Kortylewski et al., 2005; Lee et al., 2007; Nefedova et al., 2005; Nefedova & Gabrilovich, 
2007; Wang et al., 2006; Wang et al., 2006), apoptotic bodies from myeloma cell line (Lee et 
al., 2007; Nguyen-Pham et al., 2011; Yang et al., 2010), and apoptotic allogeneic myeloma 
cells from other patients with matched subtype (Yang et al., 2011). In practical terms, there 
are a number of patients with MM, who have less than 50% of myeloma cells in the bone 
marrow at the time of diagnosis or during progression of the disease. When mononuclear 
cells from the bone marrow are used as a source of tumor antigens, there is the potential of 
contamination with normal cells, especially lymphocytes. Thus, it is necessary to use 
purified and optimized myeloma cells, if possible, as a source of tumor antigen for the 
generation of myeloma-specific CTLs stimulated by DCs (Lee et al., 2007). We have shown 
that the function of the DCs was affected by the concentration of myeloma cell lysates (i.e., 
higher concentrations of lysates suppress T cell stimulatory capacities more than lower 
concentration of lysates). Also, the optimization of the lysate concentration did not 
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suppressive factors, such as interleukin (IL)-10, transforming growth factor beta (TGF-), 
vascular endothelial growth factor (VEGF), and IL-6, resulting in their aberrant functions 
and impaired development of effector functions in tumor-specific lymphocytes (Brown et 
al., 2001; Ratta et al., 2002). In addition, the survival and proliferation of tumor cells is 
partially facilitated by the impaired endogenous immune surveillance against tumor 
antigens (Zou, 2005). Myeloma cells can produce immunoinhibitory cytokines, such as TGF-
, IL-10, IL-6 and VEGF, which play major roles in the pathogenesis of MM (Brown et al., 
2001; Ratta et al., 2002). These tumor-derived factors can also modulate anti-tumor host 
immune responses, including the abrogation of DC function, by constitutive activation of 
the signal transducer and activator of transcription 3 (STAT3) (Yu et al., 2007). Impairment 
in both humoral and cellular immunity in MM is associated with impaired B cell 
differentiation and antibody responses (Brown et al., 2001), reduced T cell numbers 
specifically CD4+ T cells and abnormal Th1/Th2 CD4+ T cell ratio (Ogawara et al., 2005), 
impaired CTL responses (Maecker et al., 2003), and dysfunction of NK cells (Jarahian et al., 
2007) and NKT cells (Dhodapkar et al., 2003). In addition, dysregulation of natural 
CD4+CD25+T regulatory (Treg) has been reported (Prabhala et al., 2006). Tregs are a group 
of immuno-suppressive T cells that have been implicated in the suppression of tumor 
immunity (Curiel, 2007). A higher number of Tregs were reported in myeloma capable of 
suppressive activity at T cell stimulation (Beyer et al., 2006). Recently, a human study 
reported that the proportion of CD4+FOXP3+ Treg cells was increased in MM patients at 
diagnosis and Treg cells from patients with MM were functionally intact as they were able 
to inhibit proliferation of both CD4 and CD8 T cells (Brimnes et al., 2010). More recently, the 
discovery of myeloid-derived suppressor cells (MDSCs) revealed these cells as potent 
suppressors of tumor immunity and, therefore, a significant impediment to cancer 
immunotherapy (Ostrand-Rosenberg & Sinha, 2009). MDSCs are a heterogeneous 
population of cells of myeloid origin, which are present and accumulate in most cancer 
patients and experimental animals with cancer, and which are considered as a major 
contributor to the profound immune dysfunction of most patients with sizable tumor 
burdens (Ostrand-Rosenberg & Sinha, 2009). MDSC levels in cancer patients are driven by 
tumor burden and by the diversity of factors produced by the tumor and by host cells in the 
tumor microenvironment (Gabrilovich & Nagaraj, 2009). MDSCs suppress antitumor 
immunity through a variety of diverse mechanisms (Gabrilovich & Nagaraj, 2009). MDSCs 
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enhance DC function, effective tumor antigens to induce specific CTLs, or modifying signal 
transcriptions to overcome defective DC function. Our experience in the DC research field 
has revealed several key points to improve DC vaccination in cancer patients (Fig. 1). 

 
Fig. 1. Key points to improve DC vaccination in cancer patients. Abbreviations: CTL, 
cytotoxic T lymphocyte; DCs, dendritic cells; TA, tumor antigen; LNs, lymph nodes; Treg, 
regulatory T cell; MDSC, myeloid-derived suppressor cell. 
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(Kortylewski et al., 2005; Lee et al., 2007; Nefedova et al., 2005; Nefedova & Gabrilovich, 
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al., 2007; Nguyen-Pham et al., 2011; Yang et al., 2010), and apoptotic allogeneic myeloma 
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generation of myeloma-specific CTLs stimulated by DCs (Lee et al., 2007). We have shown 
that the function of the DCs was affected by the concentration of myeloma cell lysates (i.e., 
higher concentrations of lysates suppress T cell stimulatory capacities more than lower 
concentration of lysates). Also, the optimization of the lysate concentration did not 
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demonstrate any inferiority in functions, such as T cell stimulatory capacities and 
cytotoxicities, of the DCs compared with other antigens, such as apoptotic bodies of 
myeloma cells or formalin-fixed myeloma cells. CTLs that were generated by purified and 
optimized myeloma cell lysates pulsed with DCs demonstrated much stronger cytotoxicity 
against autologous plasma cells. These findings indicate that it is important to optimize the 
concentration of myeloma cell lysates that were loaded onto DCs to potentiate their 
function.  

The use of whole tumor cells, instead of single antigens, may help to enhance antitumor 
effects but target multiple tumor variants and counteract tumor immune evasion. However, 
it is impractical to obtain sufficient amounts of purified autologous myeloma cells for tumor 
antigens in the clinical setting of patients with MM. As an alternative source of tumor-
relevant antigens, allogeneic tumor cells or established cancer cell lines have been used to 
overcome this limitation in various tumors (Koido et al., 2005; Lee et al., 2007; Palucka et al., 
2006; Yang et al., 2010). Allogeneic myeloma cell lines used as universal tumor antigens 
could substitute for an original tumor cell collection and make the culture of tumor cells 
easier. In clinical practice, allogeneic myeloma cell lines might be an effective source of 
universal tumor antigen that could be used to load DCs for the generation of myeloma-
specific CTLs in MM patients. Tumor antigens that derived from irradiated allogeneic 
myeloma cell line when loaded with DCs could generate myeloma-specific CTLs against 
autologous myeloma cells in patients with MM (Nguyen-Pham et al., 2011; Yang et al., 
2010). These findings suggest that allogeneic myeloma cell lines are potent immunogens 
capable of inducing functional CTLs against patients' own tumor cells. The success of using 
an allogeneic myeloma cell line as tumor antigen led to the possibility that allogeneic 
myeloma cells could be also used as a viable source of tumor antigen in the context of 
appropriate major MHC alleles to autologous CTLs. We investigated the possibility of DC 
therapy using autologous DC loaded with apoptotic allogeneic myeloma cells from the 
matched monoclonal subtype of myeloma patients and showed that the CTL generated by 
these tumor antigens loaded-DCs could generate myeloma-specific CTLs against autologous 
myeloma cells in patients with MM (Yang et al., 2011). These findings suggested that the 
allogeneic matching monoclonal immunoglobulin subtype of myeloma is an effective tumor 
antigen capable of inducing functional CTLs against patients' own tumor cells. 

The suppressive effects of tumor cells during DC generation have been explained previously 
by the ability of the tumor microenvironment to suppress DC differentiation (Savill et al., 
2002; Yu et al., 2007). The suppression is due to the activation of STAT3 and the production 
of immunosuppressive factors, such as VEGF, IL-10, and IL-6. These factors can influence 
STAT3 and extracellular signal-regulated kinase (ERK) phosphorylation, resulting in 
hyperactivation of STAT3 and ERK, which may be responsible for defective DC 
differentiation (Kitamura et al., 2005; Yu et al., 2007). In addition to generation of potent and 
specific tumor antigen-loaded DCs for vaccination, alternative methods have attempted to 
restore defective DC function and to enhance DC function in MM. Enhanced immune-
mediated antitumor effects of DCs have been reported following the inhibition of the janus-
activated kinase 2 (JAK2)/STAT3 pathway (Nefedova et al., 2005), inhibition of p38 or 
activation of the MEK/ERK or mitogen-activated protein kinase (MAPK) pathways, and 
neutralizion of IL-6 (Wang et al., 2006). Recently, we reported that the inhibitory factors and 
abnormal signaling pathways of DCs during maturation with tumor antigen might be 
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responsible for the defective activity of DCs in MM, and suggested that the way to 
overcome these abnormalities is by neutralizing the signaling that would lead to a 
suppressed immune response (Yang et al., 2009). More recently, we are developing of the 
strategies that recovering dysfunction of DCs caused from loading tumor antigen through 
the treatment of a combination of the selective JAK/STAT3 signaling pathway inhibitor (JSI-
124) and the proteasome inhibitor (Bortezomib) onto myeloma cells (Lee et al., 2011). We 
reported that pretreatment of myeloma cells with combination of JSI-124 and bortezomib 
can recover DC dysfunction from loading the dying myeloma cells through the up-
regulation of Hsp90 and the down-regulation of STAT3 phosphorylation and inhibitory 
cytokines production, and these DCs can generate to potent myeloma-specific CTLs. 

For effective induction of tumor-specific immune responses in the field of DC vaccination, 
the DCs should have potency to stimulate T cells, to produce high levels of Th1 polarized 
cytokines (IL-12p70), to trigger Th1 polarizing capacity, and to migrate through lymphatic 
vessels to interact with T cells. Therefore, the strategy to generate the fully functional and 
potential DCs has been developed. The initial success of the therapeutic vaccines involving 
immature or partially-mature ”first-generation” DCs has been reported (Hsu et al., 1996). 
However, such DCs express suboptimal levels of co-stimulatory molecules, and constitute a 
weaker immunogen than the subsequently-implemented mature DCs, constituting the 
"second generation" of clinically-applied DCs (sDCs). sDC vaccines induced by the IL-
1/TNF-/IL-6/prostaglandin E2 (PGE2) cytokine cocktail have been developed (Jonuleit et 
al., 1997). Such DCs are fully-mature DCs with high expression of co-stimulatory molecules, 
high expression of CCR7, and high migratory responsiveness to LN-associated chemokines; 
they have been widely tested in clinical trials. However, to date, the sDC vaccines have 
limitations that include the mediation of Th2 polarization, promotion of DC secretion of the 
immunosuppressive cytokine IL-10, inability to induce effectively the Th1-type response 
(because PGE2 abolishes the secretion of IL-12p70), and high activity of such DCs in 
activating Treg cells (Banerjee et al., 2006; Kalinski et al., 1997, 2001; Yamazaki et al., 2006). 
Several investigators, including our group, have tried to develop the potent DCs for 
inducing effective tumor-specific immune responses. In an attempt to increase DC potency 
using cytokine combinations, -type-1-polarized DCs (DC1s) that are induced to mature 
using the DC1-inducing cytokine cocktail IL-1, TNF-, IFN-, IFN-, and 
polyinosinic:polycytidylic acid [poly(I:C)]) has been developed to generate strong functional 
CTLs in several diseases, on average 20-fold higher compared to sDCs (Lee et al., 2008; 
Mailliard et al., 2004). Recently, we successfully generated DC1s from a patient with MM 
with high expression of costimulatory molecules, significant production of IL-12p70, and 
potent generation of myeloma specific CTLs (Yang et al., 2010, 2011). The potential of 
polarized DC1s to produce IL-12 has important implications for the use of DCs as cancer 
vaccines. 

The other strategy to induce potent DCs from patients with MM was the use of a ”helper” 
cell to promote type 1 polarization of DCs. DCs and NK cells reciprocally activate each other 
during the immune response. Recent data from our and other groups demonstrate that such 
NK–DC interaction promotes the subsequent induction of tumor-specific responses of CD4+ 
and CD8+ T cells, allowing NK cells to act as ”helper” cells in the development of the type 1 
DCs in responses against cancer (Mailliard et al., 2003; Nguyen-Pham et al., 2010, 2011). 
Resting NK cells that are activated in the presence of TLR agonist, IL-2, and IFN- can 
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demonstrate any inferiority in functions, such as T cell stimulatory capacities and 
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responsible for the defective activity of DCs in MM, and suggested that the way to 
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suppressed immune response (Yang et al., 2009). More recently, we are developing of the 
strategies that recovering dysfunction of DCs caused from loading tumor antigen through 
the treatment of a combination of the selective JAK/STAT3 signaling pathway inhibitor (JSI-
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reported that pretreatment of myeloma cells with combination of JSI-124 and bortezomib 
can recover DC dysfunction from loading the dying myeloma cells through the up-
regulation of Hsp90 and the down-regulation of STAT3 phosphorylation and inhibitory 
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For effective induction of tumor-specific immune responses in the field of DC vaccination, 
the DCs should have potency to stimulate T cells, to produce high levels of Th1 polarized 
cytokines (IL-12p70), to trigger Th1 polarizing capacity, and to migrate through lymphatic 
vessels to interact with T cells. Therefore, the strategy to generate the fully functional and 
potential DCs has been developed. The initial success of the therapeutic vaccines involving 
immature or partially-mature ”first-generation” DCs has been reported (Hsu et al., 1996). 
However, such DCs express suboptimal levels of co-stimulatory molecules, and constitute a 
weaker immunogen than the subsequently-implemented mature DCs, constituting the 
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during the immune response. Recent data from our and other groups demonstrate that such 
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induce DCs from patients with MM maturation and enhance IL-12p70 production in vitro. 
These potent DCs can be developed to generate strong functional CTLs against myeloma 
cells compared to sDCs (Nguyen-Pham et al., 2011). 

Therapeutic DC vaccines against cancer not only need to be highly effective in inducing the 
expansion of tumor-specific T cells, but they also need to avoid interaction and induction of 
Tregs. Recently, the type 1-polarized DCs were demonstrated to suppress the secretion of 
CCL22 (Treg and Th2 type attracting chemokines), enhance the secretion of CCL5 and 
CXCL10 (Th1 and effector T cell-attracting chemokines), and suppress the induction of Tregs 
compared to sDCs or PGE2-matured DCs (Muthuswamy et al., 2008). DCs generated in vitro 
for vaccination protocols that can target a local lymph node are highly sought, but difficult 
to achieve in practice. Type 1-polarized DCs, with higher levels of IL-12p70 and potent CTL 
generation targeting, are, however, limited by their migratory capacity to primary lymph 
organs due to the relatively lower expression of CCR7 compared to sDCs. We recently 
reported on the nature of the enhancement of the migratory phenotype of DCs. The first 
important mediator in the mobilization of DCs to lymph nodes is CCR7. However, 
upregulation of CCR7 alone by DCs is insufficient to drive DC migration toward CCL19 and 
CCL21. Up-regulation of CD38 and down-regulation of CD74 regulate DC migration in vitro 
and in vivo (Faure-Andre et al., 2008; Frasca et al., 2006). By regulating CD38, CD74, and 
CCR7 expression on DCs, type I and II IFNs have synergistic effects in the presence of TLR 
agonists on the regulation of DC migration and may provide a novel approach to improving 
vaccination efficacy (Nguyen-Pham et al., 2011). 

Finally, to enhance the antitumor effectiveness of DC-based vaccines in preclinical in vivo 
mouse models, we have developed several models of combination therapy of DCs with an 
immunomodulatory drugs, such as cyclophosphamide or lenalidomide. Cyclophosphamide 
is frequently used to enhance or augment the antitumor effects in cancer immunotherapy 
(Ghiringhelli et al., 2004; Mihalyo et al., 2004). The possible effect of cyclophosphamide to 
enhance the antitumor efficacy of DC vaccine may be due to the increasing proportion of 
IFN- secreting lymphocytes in combination with the suppressing proportion of 
CD4+CD25+FoxP3+ Treg cells in tumor-bearing mice (Liu et al., 2007). The result of a clinical 
trial using allogeneic DC vaccine combined with low-dose cyclophosphamide has revealed 
that the combination therapy could induce stronger antitumor response compared with DC 
vaccine alone (Holtl et al., 2005). Recently, we developed a combination therapy in mouse 
cancer model which showed that a single administration of low-dose cyclophosphamide 
before the first DC vaccination augmented the antitumor effects of DC vaccine to eradicate 
tumor completely and consequently prolonged the survival of vaccinated mice (Pham et al., 
2010). We are now developing a clinical trial in MM patients using this combination therapy. 

4. DC-based vaccine in published clinical trials 
Clinical trials of DC-based vaccine for MM have been restricted until now. The trial protocol 
and responses are summarized in Table 1. Almost of the clinical trials were related with 
using Id-pulsed DC alone or in combination with adjuvant such as cytokines or KLH. In the 
decade after the first DC-based Id vaccination was started at Stanford University, the results 
of clinical trials were limited. In general, the majority of clinical trials conducted using  
Id-pulsed DCs showed immune responses. However, the clinical responses were 
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unsatisfactory, mainly due to the poor immunogenicity of the Id protein. More recent results 
demonstrated improved clinical response by DC-based Id vaccination (Rollig et al., 2010; Yi 
et al., 2010). Therefore, DC-based Id vaccination is a possible way to induce the specific T 
cell responses in myeloma patients. Further trials with increasing numbers of patients are 
needed to increase the rate of responses. 

Most recently, a phase I study was undertaken, in which patients with MM were vaccinated 
with an autologous DC/tumor cell fusion in combination with GM-CSF administration on 
the day of DC vaccination (Rosenblatt et al., 2011). Vaccine generation was successful in  
17 of the 18 patients. The expansion of circulating CD4+ and CD8+ T cells reactive with 
autologous myeloma cells in 11 of 15 evaluable patients were detected. A majority of 
patients (11 of 16) with advanced disease demonstrated disease stabilization, with three 
patients showing ongoing stable disease at 12, 25, and 41 months. Interestingly, antibody 
response against some TAAs, such as regulators of G-protein signaling 19 (RGS19), HSP90, 
BRCA1-associated protein (BRAP) was also detected. So, vaccination with DC/MM fusions 
was feasible and may provide a new source of DC-based vaccines for the development of 
immunotherapy against MM. 

A commercial product is currently being tested in a phase III trial (MylovengeTM, Dendreon 
Corp, Seattle, WA, USA). Mylovenge (APC8020) is conducted by pulsing autologous DCs 
with the patient's Id. A recent report of this commercial product showed that the long-term 
survival of those receiving the vaccine compared to all other patients with MM who 
underwent autologous HSCT (Lacy et al., 2009). This approach needs further testing in a 
phase III trial to confirm the clinical response and define the role of this DC vaccine in MM. 
We are also conducting a phase I/II clinical trial using type 1-polarized DCs loading with 
tumor antigens derived either from allogeneic myeloma cell line or patient’s autologous-
/allogeneic- myeloma cells in combination with chemotherapy in patients with MM after 
autologous HSCT. 

5. Future perspectives 
Despite their relative limitations, the data from recent clinical studies have suggested that 
DC-based vaccine may be a potential therapy in inducing the rate of tumor responses and 
prolonging the survival of patients with MM. In an attempt to increase DC-based potency 
and improve immune responses following vaccination, further investigations of additional 
tools to identify the alternative tumor antigens uniquely or specifically expressed on 
myeloma cells are needed, to recover or restore the dysfunction of DCs in MM patients, to 
induce T cells with the desirable effector functions rather than regulatory functions, to 
migrate into lymph nodes to stimulate T cells, and to clarify the ability of tumor specific 
CTLs to recognize and kill tumor cells. In our expectation, type 1-polarized DCs can be 
developed to generate strong functional CTLs. The allogeneic myeloma cell lines or 
allogeneic myeloma cells might be an effective source of universal tumor antigen that could 
be used to load to the DC1s for the successful generation of myeloma-specific CTLs. 
Eventually, the combination therapy, in which a DC vaccine is combined with either 
alternative therapy including chemotherapy, radiation therapy, molecular target therapy or 
other immunotherapy (adoptive therapy, NK cells therapy) or with adjuvant, will provide 
vigorous and maintained immune responses with the benefit clinical efficacy. 
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Author DC type TA Adjuvant Immune responses Clinical responses 
Liso et al. imDC Id  KLH 4/24 Id-specific  17/26 SD 
Lim et al. imMo-DC Id KLH 5/6 Id-specific; 2/6 Id-

specific IFN-; 3/6  
increase in Id-specific  
CTL frequency 

6/6 PD 

Reichardt 
et al. 

imDC Id none 2/12 Id-specific 
proliferation; 1/3 Id-
specific CTL 

2 relapse; 8/10 PD; 
2/10 SD 

Titzer  
et al. 

CD34-DC Id none 4/10 Id-specific T cell 
proliferation; 1/10 
decreased BM 
plasmacytosis 

1/10 SD; 9/10 PD 

Cull et al. imMo-DC Id none 2/2 Id-specific T cell 
proliferation; no Id-
specific CTL response 

2/2 PD 

Yi et al. mMo-DC Id Il-2 2/5 Id-specific T cell 
proliferation; 5/5 Id-
specific B cell  
proliferation;  
4/5 Id-specific IFN- 

1/3 PR; 3/5 SD; 1/5 
PD 

Bendandi 
et al. 

mMo-DC Id none 4/4 anti-KLH response; 
2/4 Th1 cytokines 
response 

1/4 SD; 3/4 PD 

Lacy  
et al. 

APC8020 
(Mylovenge)

Id none None reported 6/26 CR; 2/26 PR; 
19/27 SD 
Overall survival: 5.3 
years of follow-up for 
alive patients 

Lacy  
et al. 

CD40 L-DCs Id KLH 9/9 Id-specific IFN-; 5/9 
Id-specific CTL response; 
8/9 anti-KLH response 

6/9 SD; 3/9 slowly PD 
4/6 continue SD after 
5 years 

Rosenblatt 
et al. 

DC/tumor 
fusion 

 GM-CSF 11/15 CD4 and CD8 
response with autologous 
myeloma cells; 5/5 tested 
anti-MUC1 response 

11/16 SD (3/11 > 1 
years SD; 8/11 2.5-5 
months SD) 

Rollig  
et al. 

mMo-DC Id KLH 5/9 Id-specific T cell 
proliferation;  
8/9 Id-specific  
cytokines response;  
 

3/9 M protein 
decrease; 5/9 M 
protein stable 

Table 1. Summary of Clinical trials of DC-based vaccine for MM. Abbreviations: DC, 
dendritic cell; TA, tumor antigen; imDC, immature DC; Mo-DC, monocyte-derived DC; Id, 
idiotype; mMo-DC, mature Mo-DC; KLH, keyhole limpet hemocyanin; CTL, cytotoxic T 
lymphocyte; PD, progressive disease; PR, partial response; SD, stable disease; CR, complete 
response 
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1. Introduction 
Multiple myeloma (MM) is a B cell malignancy involving the post germinal centre B cells. 
The disease is characterized by the presence of blood and urinary monoclonal proteins, 
osteolytic bone lesions and infiltration of bone marrow with malignant plasma cells of low 
proliferative index. Multiple myeloma is mainly a disease of elderly males, but, there is 
evidence to support that there is increasing incidence in younger individuals as well. 
American blacks are more prone than American whites. MM is the most common non 
Hodgkin’s haematological malignancy, contributing 13% of all malignancies and 1% of all 
neoplasias. The median survival is 3-4 years, but with autologous stem cell transplantation 
and high dose chemotherapy, the median survival has increased to 5-7 years [1]. 

Most, if not all, multiple myeloma evolve from a premalignant condition known as 
‘Multiple Gammapathy of Undetermined Significance (MGUS)’. It then progresses via a 
‘smouldering multiple myeloma’ stage, to a full blown disease and finally to an 
‘extramedullary MM’ condition, where the malignant cells are no longer dependent on the 
bone marrow microenvironment for their proliferation. On a cellular scale, the origin of MM 
is thought to be post germinal centre B cell or memory B cell, indicated by the presence of 
hypermutated immunoglobulin gene. Evidence also supports the stem cell origin of the 
disease, as indicated by activated Wnt and Hedgehog signalling in the subset of cells in MM 
primary samples [2].  

Cornelius Celsus, a Roman physician, first described the features of inflammation 
(inflammation - to set on fire) with the following signs: heat (calor), pain (dolour), redness 
(rubor) and swelling (tumour). The main purpose of inflammation is to protect the host 
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1. Introduction 
Multiple myeloma (MM) is a B cell malignancy involving the post germinal centre B cells. 
The disease is characterized by the presence of blood and urinary monoclonal proteins, 
osteolytic bone lesions and infiltration of bone marrow with malignant plasma cells of low 
proliferative index. Multiple myeloma is mainly a disease of elderly males, but, there is 
evidence to support that there is increasing incidence in younger individuals as well. 
American blacks are more prone than American whites. MM is the most common non 
Hodgkin’s haematological malignancy, contributing 13% of all malignancies and 1% of all 
neoplasias. The median survival is 3-4 years, but with autologous stem cell transplantation 
and high dose chemotherapy, the median survival has increased to 5-7 years [1]. 

Most, if not all, multiple myeloma evolve from a premalignant condition known as 
‘Multiple Gammapathy of Undetermined Significance (MGUS)’. It then progresses via a 
‘smouldering multiple myeloma’ stage, to a full blown disease and finally to an 
‘extramedullary MM’ condition, where the malignant cells are no longer dependent on the 
bone marrow microenvironment for their proliferation. On a cellular scale, the origin of MM 
is thought to be post germinal centre B cell or memory B cell, indicated by the presence of 
hypermutated immunoglobulin gene. Evidence also supports the stem cell origin of the 
disease, as indicated by activated Wnt and Hedgehog signalling in the subset of cells in MM 
primary samples [2].  

Cornelius Celsus, a Roman physician, first described the features of inflammation 
(inflammation - to set on fire) with the following signs: heat (calor), pain (dolour), redness 
(rubor) and swelling (tumour). The main purpose of inflammation is to protect the host 
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organism from the microbes and other noxious stimuli. However, when the infection cannot 
be controlled or when there is a constant presence of the damaging stimuli, inflammatory 
process gets deregulated, resulting in a condition called chronic inflammation, which is 
destructive to the host organism. Thus inflammation is aptly termed as a 'double edged 
sword'. The link between inflammation and cancer was first established in 1897, by a 
German pathologist named Dr. Rudolf Virchow. He found that leukocytes infiltrate tumour 
tissue and therefore, termed tumours as 'wounds that do not heal'. Since then there has been 
much evidence to link inflammation and cancer, so as to be able to add inflammation as one 
of the hallmarks of cancer [3-5].  

In the linking of inflammation and cancer, two pathways are said to exist - extrinsic and 
intrinsic. In the extrinsic pathway, chronic inflammation leads to autoimmune diseases, 
which eventually culminate in cancer. For example, H.pylori infection in the stomach, 
Hepatitis B and Hepatitis C infections in the liver, inflammatory bowel diseases and 
inflammation of the prostate gland (prostatitis); lead to incidences of gastric cancer, 
hepatocarcinoma, colon cancer and prostate cancer, respectively. In fact, about 20% of all 
cancers are said to arise in an inflammatory environment. In the intrinsic pathway, 
activation of oncogenes or inactivation of the tumour suppressor genes, causing both cancer 
and inflammation, which complement each other [6, 7]. Irrespective of the pathways 
involved, the perpetrators of the cancer related inflammation are inflammatory cells and 
inflammatory mediators, such as cytokines, chemokines, growth factors, all of which finally 
converge on a few transcription factors [8]. Not surprisingly, agents modulating cancer-
related inflammation have been tried in cancer therapeutics [9]. 

MM cells depend largely on a bone marrow microenvironment for their growth and 
survival, until the last stage of the disease, where they invade other areas to be termed as 
extramedullary MM. The bone marrow microenvironment can be broadly divided into 
cellular and non-cellular components. Cellular components include myeloma cells, bone 
marrow stromal cells or bone marrow fibroblasts, haematopoietic precursor cells, 
osteoclasts, osteoblasts, endothelial cells and immune cells. Of these, the supportive role of 
stromal cells in MM has been studied extensively. The interactions between myeloma cells 
and osteoclasts have also been studied to an extent. The bone marrow stromal cells and 
osteoclasts provide the myeloma cells with the ability to grow and survive, either by direct 
adhesion and/or by secreting growth and survival cytokines. 

The non-cellular compartment is comprised of the extracellular matrix and the soluble 
factors. Extracellular matrix consists of various proteins like collagen, fibronectin and 
laminin. The extracellular matrix not only acts as depots for the growth factors, but also 
provides the myeloma cells with the ability to resist cell death induced by 
chemotherapeutic agents. The survival advantage offered by the bone marrow 
microenvironment to the MM cells is achieved by 1. the soluble growth factors which are 
secreted by various cellular components, 2. insoluble growth factors that are bound to the 
extracellular matrix component and 3. adhesion molecules that help MM cells adhere to 
the extracellular matrix and the cellular compartment. In fact, in a recent study, 22 out of 
the 51 multiple myeloma growth factor genes that could be interrogated by affymetrix 
were found to be significantly overexpressed by at least one bone marrow environment 
population compared to others [10].  
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The stromal derived factor (SDF/CXCL12), secreted by the bone marrow stromal cells, plays 
an important role in the homing of MM cells to the bone marrow, which expresses receptor 
CXCR4. Moreover, adhesion of MM cells to stromal cells or fibronectin, induces 
chemoresistance in MM cells, mediated by integrins [11]. The adhesion molecules namely, 
very late antigen (VLA-4), vascular cell adhesion molecule (VCAM-1) and lymphocyte 
function–associated antigen 1 (LFA-1), intercellular adhesion molecule (ICAM–1), mediate 
integrin induced chemoresistance [12]. The resistance is mediated partly due to the 
activation of NF-κB, which upregulates anti-apoptotic gene products. MM samples are 
found to have various mutations activating both classical and alternative NF-κB. Apart from 
the mutations, the NF-κB pathway can also be stimulated by B cell growth factors like BAF 
and APRIL, which are secreted by the bone marrow microenvironment [13].  

Adhesion of MM cells to the stromal cells, induces the latter to secrete IL-6. IL-6 is the main 
growth factor for the MM cells. IL-6 then induces JAK/STAT 3, PI3/AKT and MAPK 
survival pathways. STAT 3 transcription factor upregulates its targets, namely, cyclin D1 
and Mcl-1, which promote cell proliferation and antiapoptosis respectively. In addition to 
the IL-6 induced activation of STAT 3, DNA methylation is found to silence the negative 
regulators of STAT 3. On the other hand, IGF secreted by bone marrow stromal cells induces 
PI3/AKT pathways [14]. AKT promotes cell proliferation by phosphorilating GSK3β, which 
regulates cyclin D1 proteolysis. Activated MAPK pathway leads to the activation of ERK, 
promoting MM growth and survival [15]. The following section will elaborate on the very 
common and important inflammatory player, involved in the progression of MM. 

2. Role of proinflammatory cytokines and growth factors 
2.1 Interleukin - 6 

Interleukin-6, a pleotropic cytokine, is involved in processes such as haematopoiesis, 
immunity and inflammation. It was discovered as a factor secreted from mitogen 
stimulated T cells, which helps mature B cells transform into antibody producing plasma 
cells [16]. Because of its pleotropic nature, various laboratories were working with its 
different functions, giving it different names: B cell stimulating factor II (BSF II) as it 
stimulated B cells to turn into plasma cells and secrete antibodies, interferon-ß2 [17] as it 
was thought to have the properties of interferon but later it was proven that IL-6 does not 
have properties of interferon, 26 kDa protein - named after its molecular weight, a 
hybridoma/plasmacytoma growth factor as it induced plasmacytoma in balb/c mice 
injected with mineral oil [18] and a hepatocyte-stimulating factor as it stimulated 
hepatocytes to produce acute phase proteins [19].  

IL-6 binds to its receptor, which is either membrane bound or in soluble form. It then 
activates ubiquitously expressed receptor gp130 [20]. Once gp130 gets activated, IL-6 acts by 
three of the following signalling pathways: JAK-STAT pathway, MAPK-ERK and PI3-AKT 
pathway. Most of the actions of IL-6 are executed by JAK-STAT pathway [21]. IL-6 is found 
to be involved in the growth of many solid tumours like prostate cancer and renal cancer. 
Pathogenesis of Kaposi sarcoma has been proven to be due to the secretion of IL-6 [22-24]. 
IL-6 is also involved in the growth of many haematological malignancies. 

IL-6 is one of the main growth factors in multiple myeloma [25]. In fact, IL-6 knock out mice 
failed to develop MM [26]. Moreover, the serum level of IL-6 and soluble IL-6 receptor has 
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been proven to be a prognostic marker for tumour load, disease progression and survival 
[27-31]. Moreover, serum levels of IL-6 in patients with smouldering MM and monoclonal 
gammapathy of undetermined significance are comparable with healthy individuals, 
indicating the important role of IL-6 in the disease progression [32].  

Initially, it was thought based on the following findings that myeloma cells secrete and 
respond to IL-6 in an autocrine manner. Firstly, IL-6 induces in vitro growth of freshly 
isolated MM cells. Secondly, MM cells express the IL-6 receptor (IL-6R). Thirdly, purified 
MM cells produce IL-6 and lastly, in vitro growth of MM cells is inhibited by anti-IL-6 
antibodies [33]. But, again controversies prevailed among the research laboratories on the 
autocrine secretion of IL-6 by myeloma cells. Because, though all myeloma derived cell lines 
and patients cells express IL-6 receptor, only subsets of cell lines express IL-6 mRNA [34]. It 
was also found that bone marrow stromal cells are the main source of IL-6 [35-37]. 
Interestingly, when myeloma cells were co-cultured with bone marrow stromal cells, they 
tend to adhere to each other tightly and the IL-6 secretion by these cells reaches the peak. 
But, when the bone marrow stromal cells were fixed by paraformaldehyde, there was no 
increase in the level of IL- 6, confirming that the source of IL-6 was bone marrow stromal 
cells and not myeloma cells. Moreover, it was found that the stromal cells secrete IL-6 when 
stimulated by the adhesion of myeloma cells to the stromal cells. This is evident from 
experimental setup where these cells were cultured in transwell chambers without any 
physical contact with the myeloma cells. As a result, the bone marrow cells failed to secrete 
IL-6, emphasising the importance of adhesion molecules in the cross talk between the group 
of cells and pathophysiology of myeloma [38]. The adhesion mediated secretion of IL-6 was 
found to be NF-κB dependent [39].  

In addition to bone marrow stromal cells, adhesion of myeloma cells to the peripheral blood 
derived osteoclastic cells protected myeloma cells from serum deprivation induced 
apoptosis and doxorubicin induced apoptosis. Osteoclasts produced osteopontin (OPN) and 
IL-6, and adhesion of MM cells to osteocleasts increased IL-6 production from osteoclasts. In 
addition, IL-6 and osteopontin in combination, enhanced MM cell growth and survival. 
However, the effects of osteoclasts on MM cell growth and survival were only partially 
suppressed by a simultaneous addition of anti–IL-6 and anti-osteopontin antibodies and 
were completely abrogated by inhibition of cellular contact between MM cells and 
osteoclasts. Osteoclasts enhance MM cell growth and survival through a cell-cell contact-
mediated mechanism that is partially dependent on IL-6 and osteopontin [40]. 

The IL-6 induced survival of myeloma cells is mediated by STAT3, which upregulates anti-
apoptotic proteins Bcl-XL and Mcl-1 and cell cycle proteins like cyclin D1, c-Myc and Pim. 
The IL-6 induced proliferation is mediated by MAPK-ERK pathway [41]. A PI3-AKT 
pathway mediates proliferation and induces survival by phosphorilating Bad and activating 
cell cycle proteins and NF-κB. Gene expression profiling studies demonstrated that out of 
138 genes shown to be regulated by IL-6 in myeloma cells, 54% regulated cell cycle 
progression. This finding emphasises the role of IL-6 in myeloma cell proliferation [42]. IL-6 
was shown to inhibit Fos induced apoptosis [43]. IL-6 can inhibit dexamethasone induced 
apoptosis of myeloma cells by gp130 induced activation of SHP2, which deactivates related 
adhesion focal tyrosine kinase (RAFTK) [44, 45] and activates the PI3/AKT pathway [46]. 
Partial reduction in the levels of IL-6 can sensitise the myeloma cells to chemotherapeutic 
agents [47, 48]. 
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Various strategies, including IL-6 antagonist, IL-6 receptor inhibitor (CNTO 328), antisense 
oligonucleotides against IL-6 and IL-6 super antagonist (SANT7), have been tried for MM, 
but even after effectively blocking IL-6 receptor by the monoclonal antibody, the results 
were disappointing in clinical trials [49]. Accordingly, in the presence of bone marrow 
stromal cells, IL-6 receptor inhibition did not induce apoptosis, indicating the significance of 
the pleotropism offered by other growth and survival factors present in the bone marrow 
microenvironment [50, 51].  

2.2 TNFα 

In 1894, William Coley noticed that an injection of bacterial extracts into the tumour, could 
induce necrosis of tumours [52]. O’Malley et al. demonstrated that serum from mice injected 
with bacterial endotoxin can induce tumour regression [53]. The factor that can induce anti-
cancer activity in vivo and in vitro, present in the sera of mice treated with endotoxin or 
LPS, was identified as Tumour Necrosis Factor α [54, 55]. The gene expressing human TNFα 
was cloned in 1984 [56]. Thereafter, the recombinant TNFα was used for experimental and 
therapeutic purposes. The therapeutic dose of TNFα induced serious hemodynamic 
instability and septic shock-like symptoms preclinically. TNFα can induce necrosis of the 
tumour by selective destruction of the blood vessels, only when injected at higher 
concentrations loco-regionally [57]. Its induction of apoptosis is highly context dependent. 
Physiologically, TNFα is an important cytokine regulating inflammation, immunity and 
haematopoiesis. Its deregulation is involved in lots of inflammatory and autoimmune 
conditions like rheumatoid arthritis and Crohn’s disease. Recent research has realised the 
potent protumerigenic effect of TNFα [58]. TNFα KO and TNFα-R1 KO mice do not develop 
chemical carcinogen induced skin cancers [59, 60]. TNFα-R1 KO mice do not develop 
chemical carcinogen induced liver cancer [61]. TNFα antagonists are in various stages of 
clinical trials for a variety of cancers. 

In MM, TNFα is not a strong growth factor, but it is an important factor secreted from 
myeloma cells to act on BMSCs to stimulate the secretion of IL-6. TNFα induces the 
expression of adhesion molecules on both myeloma cells and BMSCs. TNFα secreted by 
myeloma cells acts both directly and by increasing the adhesion between myeloma cells and 
the bone marrow stromal cells to secrete IL-6 by an NF-κB mediated mechanism in bone 
marrow stromal cells. TNFα is very potent when compared to other growth factors [62]. 
TNFα also participates in transendothelial migration of myeloma cells by acting via TNF-R2 
and upregulating the secretion of MCP-1 in myeloma cells [63]. Clinically, the agents which 
are known to inhibit TNFα; namely, thalidomide and its derivates and bortezomib, have 
significant anti-myeloma activity.  

2.3 BAFF and APRIL  

BAFF and APRIL also belong to the TNF family of cytokines. They act by binding to 
receptors TACI (transmembrane activator and calcium modulator, and cyclophilin ligand 
interactor), BCMA (B-cell maturation antigen) and BAFF-R (BAFF Receptor) which is 
specific for BAFF. Myeloma cells express these receptors in a heterogeneous manner [64]. In 
fact, patient groups whose myeloma cells had low expression of TACI receptor were less 
differentiated and showed attenuated dependence on the bone marrow and portending 
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poor prognosis; whereas patients whose myeloma cells express high levels of TACI receptor 
showed mature plasma cell signature exhibiting good prognosis [65]. There is evidence for 
these cytokines being secreted from myeloma cells [64, 66], bone marrow cells [67] and 
osteoclastic cells [65]. BAFF and APRIL seem to induce myeloma cell growth and inhibit 
dexamethasone induced apoptosis. BAFF and APRIL activate NF-κB, PI3kinase/AKT, and 
MAPK pathways in myeloma cells and induce a strong upregulation of the Mcl-1 and Bcl-2 
anti-apoptotic proteins [68, 69]. Cell adhesion induced bone marrow cells secrete BAFF, 
which acts on myeloma cells to regulate their growth and survival [67]. Interestingly, 
bortezomib has been found to inhibit BAFF and APRIL induce proliferation of myeloma 
cells [66]. 

2.4 Insulin-like Growth Factor 1 (IGF-1) 

Recent studies have delineated the role of IGF-1 in MM. IGF-1 was shown to be a strong 
indicator of prognosis in MM patients [70]. In the bone marrow milieu, IGF-1 is mainly 
produced and secreted from bone marrow stromal cells and mediates cell growth and 
survival in MM cells both in vitro [71, 72] and in vivo [73-75]. IGF-1 and its receptor were 
shown to be acting as growth factors [76] and preferentially expressed in MM cells [77] as 
compared to B-Lymphoblastoid cell lines. 

IGF-1 inhibits Dexametasone-induced apoptosis in MM cell lines [78]. IGF-1 augments the 
proliferative and anti-apoptotic effects of IL-6 [71, 79] . Although IL-6 has mostly been 
described as a proliferation factor for MM, it has become clear that IGF-1 has an equally 
important proliferative and anti-apoptotic effect [80-82]. It could be that IGF-1 plays an even 
more pivotal role in the survival of MM cells, as IL-6 independent lines still respond to IGF-
1 [80, 82]. Another group demonstrates that IGF-1 serves as a chemoattractant for MM cells 
[73]. In vivo induction of the receptor IGF-1R helps murine multiple myeloma cells in their 
homing and growth in the bone marrow [83].  

IGF-1 transduces its signal by receptor phosphorylation of the insulin response substrate 1 
and its activation of PI-3K and subsequently Akt kinase (PI-3K pathway). In fact, IGF-I 
increases adhesion of MM cell lines to fibronectin (FN) in a time and dose-dependent 
manner, as a consequence of IGF-1R activation and subsequent activation of β1- integrin 
and PI3-kinase/AKT signalling [84]. Several important biological characteristics have 
been associated with this segment of the PI-3K pathway [85]. Akt subsequently 
phosphorylates Bad, a member of the Bcl-2 family, producing an anti-apoptotic effect. The 
second pathway associated with IGF-I stimulation signals through the Shc, Grb-2, Sos 
complex, resulting in activation of Ras and subsequently the mitogen-activated protein 
kinase (MAPK) signalling cascade.  

IGF-1 is also shown to mediate the activation of NF-κB [86], induce the phosphorylation of 
FKHR (forkhead) transcription factor, upregulate a series of intracellular anti-apoptotic 
proteins (including FLIP, survivin, cIAP-2, A1/Bfl-1 and XIAP) and decrease drug 
sensitivity of MM cells [75]. Caveolin-1, which is usually absent in blood cells, is expressed 
in MM cells and plays a crucial role in IGF-1-mediated signalling cascades [87]. Specifically, 
IGF-1 induces HIF-1α, which triggers VEGF expression [88, 89]; consequently, inhibition of 
IGFR-1 activity markedly decreases VEGF secretion in MM/BMSC co-cultures [75].  
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Therapies targeting IGF-1, such as inhibitors of IGF-1 receptor, have already shown 
preclinical anti-MM activity and will soon undergo clinical evaluation [75]. IGF-1R 
inhibition with neutralizing antibody, antagonistic peptide, or the selective kinase inhibitor 
NVP-ADW742 has in vitro activity against MM cell types and in orthotopic xenograft MM 
model had synergistic anti-tumour activity in combination with conventional 
chemotherapy. Another study [90] reports that IGF-1R inhibition blunts tumour cell 
response to other growth factors, overcomes the drug resistance phenotype conferred by the 
bone microenvironment and abrogates the production of proangiogenic cytokines. These 
sets of studies provide in vivo proof of the principle for therapeutic use of selective IGF-1R 
inhibitors in cancer. 

2.5 Fibroblast Growth Factor (FGF) 

Besides bone marrow microvessel density (MVD), serum levels of FGF, along with VEGF, 
are predicted to be prognostic markers of MM disease activity [91, 92]. Expression of bFGF 
correlates with clinical characteristics of MM and its high level also indicates poor prognosis 
[93]. However, the levels of bFGF may serve as a predictor for good response to the 
treatment of MM with Thalidomide [94]. Patients responsive to Thalidomide may have 
significantly higher concentrations of bFGF than non-responsive patients, but this 
observation is not consistent even between the same authors [95, 96]. Stimulation of BMSCs 
with FGF-2 induced a time and dose-dependent increase in IL-6 secretion, a well studied 
cytokine, which was completely abrogated by anti-bFGF antibodies. Conversely, stimulation 
with IL-6 enhanced bFGF expression and secretion by myeloma cell lines as well as MM 
patient cells, suggested a paracrine interaction between the myeloma and the stromal cells 
with respect to the above cytokines [97]. 

The FGF receptor 3 (FGFR3) is now recognized as a potential oncogene. Ectopic expression 
of FGFR3 originates from the translocation t(4;14) occurring in 10-25% of MM patients [98, 
99]. Gain of function mutations in FGF receptors, especially FGFR3, have been widely 
implicated and studied in MM pathogenesis [98]. Suppression of FGFR3 using short hairpin 
RNAs (shRNAs), lead to apoptosis and anti-tumour effects in MM [100, 101].  

FGF binding to the FGFR, results in dimerization of the receptor and autophosphorylation 
of the FGFR dimer at intracellular tyrosine residues. The activated receptor either binds 
directly to signalling molecules or recruits adapter molecules to link the activated receptor 
to downstream targets at the cell membrane.  

Three FGF signalling downstream pathways have been identified in MM [102]: the Ras 
mitogen-activated protein kinase (MAPK) pathway, the phosphoinositol pathway and the 
signal transducer and activator of transcription (STAT) pathway.  

2.6 Transforming Growth Factor (TGF-β) 

Transforming Growth Factor beta (TGF-β) is a growth factor that controls proliferation, 
cellular growth and differentiation [103], and embryonic development [104]. During 
tumourigenesis, the TGF-β signalling pathway becomes mutated and TGF-β no longer 
controls the cell cycle [105, 106]. The cancer cells along with the surrounding stromal cells 
(fibroblasts) proliferate unchecked. Both these cells increase their production of TGF-β, 
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poor prognosis; whereas patients whose myeloma cells express high levels of TACI receptor 
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sensitivity of MM cells [75]. Caveolin-1, which is usually absent in blood cells, is expressed 
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IGF-1 induces HIF-1α, which triggers VEGF expression [88, 89]; consequently, inhibition of 
IGFR-1 activity markedly decreases VEGF secretion in MM/BMSC co-cultures [75].  
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Therapies targeting IGF-1, such as inhibitors of IGF-1 receptor, have already shown 
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99]. Gain of function mutations in FGF receptors, especially FGFR3, have been widely 
implicated and studied in MM pathogenesis [98]. Suppression of FGFR3 using short hairpin 
RNAs (shRNAs), lead to apoptosis and anti-tumour effects in MM [100, 101].  

FGF binding to the FGFR, results in dimerization of the receptor and autophosphorylation 
of the FGFR dimer at intracellular tyrosine residues. The activated receptor either binds 
directly to signalling molecules or recruits adapter molecules to link the activated receptor 
to downstream targets at the cell membrane.  

Three FGF signalling downstream pathways have been identified in MM [102]: the Ras 
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signal transducer and activator of transcription (STAT) pathway.  
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Transforming Growth Factor beta (TGF-β) is a growth factor that controls proliferation, 
cellular growth and differentiation [103], and embryonic development [104]. During 
tumourigenesis, the TGF-β signalling pathway becomes mutated and TGF-β no longer 
controls the cell cycle [105, 106]. The cancer cells along with the surrounding stromal cells 
(fibroblasts) proliferate unchecked. Both these cells increase their production of TGF-β, 
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which acts on the surrounding stromal cells, immune cells, endothelial and smooth-muscle 
cells, causing immunosuppression [106, 107] and tumour angiogenesis, and increasing the 
invasiveness [108, 109] and motility [110] of cancer.  

TGF-β also plays a role in the suppression of bone formation in MM bone lesions [111]. 
Overproduction of TGF-beta 1 in MM patients was reported by Kroning et al. [112]. TGF-β is 
mainly produced by BMSCs, but is also secreted by malignant plasma cells and can regulate 
interleukin-6 (IL-6) secretion [113]. According to Cook et al., TGF-β produced by MM cells 
plays a significant role in suppressing host T cells and immune responses [114, 115]. TGF-β 
inhibition was able to suppress MM cell growth within the bone marrow while preventing 
bone destruction in MM-bearing animal models [116]. 

3. Role of chemokines  
In MM, chemokines mainly help homing the myeloma cells to the bone marrow 
microenvironment. Their role in proliferation and survival of myeloma cells is only 
moderate. This effect can be either direct or mediated indirectly by inducing the secretion of 
IL-6, VEGF, or any other growth factor involved in the growth and survival of myeloma 
cells. The role of chemokines, especially that of MIPs, in osteolytic bone lesions is well 
established. Homing is defined by transendothelial migration of cells from the blood stream 
towards the chemokine gradient. This involves adhesion of cells to the endothelial layer, 
transendothelial migration and eventually residing in the microenvironment. So, it is 
apparent that bone marrow endothelial cells play an active role in the migration of plasma 
cells. They do so by secreting various chemokines and expressing adhesion molecules; 
thereby helping myeloma cells to migrate towards them. Upon adherence, MM cells will 
extravasate using their MMP arsenal to move through the basal lamina of bone marrow 
sinusoids. This process is also aided by the chemokine gradient in the bone marrow 
microenvironment because certain chemokine are said to be present in higher 
concentrations in the bone marrow microenvironment than in bone marrow endothelial cells 
which make sure that the cells are confined to the bone marrow microenvironment. 

3.1 Macrophage Inflammatory protein: (MIP-1, CCL3) 

MIP1 belongs to the CC family of chemokine and mainly acts via CCR1, CCR5 and CCR9 
receptors. Myeloma cells have been shown to express both the receptors (CCR1, CCR5) and 
the chemokine [117, 118]. Controversial findings on the effect of growth and survival of 
myeloma cells could be due to usage of different experimental models and design [118, 119], 
but its role in migration and homing of myeloma cells, and in the progression of the 
myeloma bone disease, are clearly demonstrated. SCID mice injected with stable MIP1 
knock-down clones of ARH cell line showed comparably less adhesion to the bone marrow, 
reduced survival and less bone pathology when compared to wild type ARH cell line 
injected group [117].  Suzanne Lentzsch et al. showed in vitro evidence that MIP1α can 
induce myeloma cell migration. Interestingly, they also showed that MIP1α can induce 
proliferation and survival of myeloma cells by inducing MAPK/ERK pathway, PI3/AKT 
pathway [118]. There is a study in which the various effects of MIP1α on 5TMM has been 
dissected. MIP1α induced migration has been attributed to the CCR5 and CCR1 receptor 
mediated signalling. Both the receptors mediate the MIP1α induced bone marrow 
angiogenesis and at least CCR1 mediates this effect directly [119]. 
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3.2 MCP1 (or monocyte chemoattractant protein - CCL2)  

As mentioned earlier, endothelial cells play an active role in the extravasation of myeloma 
cells and eventually their homing to the microenvironment. Murine endothelial cells are 
shown to secrete CCL2 and murine myeloma cells express the cognate receptor CCR2. 
Myeloma cells migrated towards the endothelial cell conditioned medium and this 
migration was inhibited by using antibodies against MCP1 [120]. Human bone marrow 
stromal cells also secrete MCP1, MCP2 and MCP 3, and myeloma cells migrate towards a 
stromal cell conditioned medium. This effect was inhibited by using antibodies against the 
MCPs and maximal inhibition was observed when all the three MCPs were blocked 
together, suggesting the role of various MCPs in myeloma homing [121]. 

3.3 CXC chemokines and CXCR3 receptor involvement in MM 

CXCR3 receptor is expressed by activated T cells. It binds to CXC chemokines namely,: 
CXCL11 or Interferon-inducible T-cell Alpha Chemoattractant (I-TAC), Mig 
(Monocyte/macrophage-activating IFNϒ-inducible protein)/CXCL9 and IP10 (IFNϒ -
inducible 10 kDa protein)/CXCL10. Myeloma cells derived from patients with myeloma, as 
well as myeloma derived cell lines, express CXCR3 receptor and they respond to their 
ligands by inducing tyrosine kinase phosphorylation and secreting MMP2 and MMP9 [122]. 
Bone marrow endothelial cells also secrete CXC chemokines and certain myeloma cells 
expressing their cognate receptors migrate in response to these chemokines [123]. 

3.4 Stromal Derived Factor (SDF-1α/CXCL12) 

Stromal derived factor is a member of CXC family of cytokines and its cognate receptor is 
CXCR4. CXC12/CXCR4 is the most extensively studied chemokine/receptor system with 
respect to cancer. It has been implicated in progression, migration, invasion and metastasis 
of various cancers. The role of CXC12/CXCR4 has been well established in the homing of 
haematopoietic progenitor cells. Bone marrow plasma and bone marrow stromal cells 
secrete this chemokine, with the myeloma cells from the patient sample and myeloma 
derived cell lines expressing the cognate receptors. The chemokine mediates the secretion of 
IL-6 and VEGF, and induces proliferation, migration and inhibits dexamethasone induced 
cell death [124]. In the 5TMM model, bone marrow stromal cells and endothelial cells secrete 
SDF-1α and myeloma cells express the receptor. In vitro, SDF-1α induces moderate 
proliferation of myeloma cells, which was abrogated by blocking antibodies. 5T myeloma 
cells migrated towards a stromal cells conditioned medium which was partially inhibited by 
CXCR4 inhibitor. SDF also stimulated myeloma cells to secrete MMP9, demonstrated by 
zymography. Accordingly, SDF induces invasion and the CXCR4 inhibitor inhibits SDF 
induced invasion. In vivo, CXCR4 inhibitor inhibited the tumour burden and the immediate 
homing to about 40% [125].  

When the myeloma cells were mobilized, the CXCL12/CXCR4 axis is downregulated. There 
is a downregulation of very late antigen (VLA4) in the peripheral blood myeloma cells after 
mobilization. This results in a suppression of the adhesion of myeloma cells to the bone 
marrow stromal cells, which can be rescued by induction with IL-6 [126]. Moreover, bone 
marrow endothelial cells are also shown to secrete CXCL12 and induce migration of 
myeloma cells towards the bone marrow endothelial cells. Thus, angiogenesis induced 
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which acts on the surrounding stromal cells, immune cells, endothelial and smooth-muscle 
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inhibition was able to suppress MM cell growth within the bone marrow while preventing 
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IL-6, VEGF, or any other growth factor involved in the growth and survival of myeloma 
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apparent that bone marrow endothelial cells play an active role in the migration of plasma 
cells. They do so by secreting various chemokines and expressing adhesion molecules; 
thereby helping myeloma cells to migrate towards them. Upon adherence, MM cells will 
extravasate using their MMP arsenal to move through the basal lamina of bone marrow 
sinusoids. This process is also aided by the chemokine gradient in the bone marrow 
microenvironment because certain chemokine are said to be present in higher 
concentrations in the bone marrow microenvironment than in bone marrow endothelial cells 
which make sure that the cells are confined to the bone marrow microenvironment. 
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MIP1 belongs to the CC family of chemokine and mainly acts via CCR1, CCR5 and CCR9 
receptors. Myeloma cells have been shown to express both the receptors (CCR1, CCR5) and 
the chemokine [117, 118]. Controversial findings on the effect of growth and survival of 
myeloma cells could be due to usage of different experimental models and design [118, 119], 
but its role in migration and homing of myeloma cells, and in the progression of the 
myeloma bone disease, are clearly demonstrated. SCID mice injected with stable MIP1 
knock-down clones of ARH cell line showed comparably less adhesion to the bone marrow, 
reduced survival and less bone pathology when compared to wild type ARH cell line 
injected group [117].  Suzanne Lentzsch et al. showed in vitro evidence that MIP1α can 
induce myeloma cell migration. Interestingly, they also showed that MIP1α can induce 
proliferation and survival of myeloma cells by inducing MAPK/ERK pathway, PI3/AKT 
pathway [118]. There is a study in which the various effects of MIP1α on 5TMM has been 
dissected. MIP1α induced migration has been attributed to the CCR5 and CCR1 receptor 
mediated signalling. Both the receptors mediate the MIP1α induced bone marrow 
angiogenesis and at least CCR1 mediates this effect directly [119]. 
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3.2 MCP1 (or monocyte chemoattractant protein - CCL2)  
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cells and eventually their homing to the microenvironment. Murine endothelial cells are 
shown to secrete CCL2 and murine myeloma cells express the cognate receptor CCR2. 
Myeloma cells migrated towards the endothelial cell conditioned medium and this 
migration was inhibited by using antibodies against MCP1 [120]. Human bone marrow 
stromal cells also secrete MCP1, MCP2 and MCP 3, and myeloma cells migrate towards a 
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MCPs and maximal inhibition was observed when all the three MCPs were blocked 
together, suggesting the role of various MCPs in myeloma homing [121]. 
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of various cancers. The role of CXC12/CXCR4 has been well established in the homing of 
haematopoietic progenitor cells. Bone marrow plasma and bone marrow stromal cells 
secrete this chemokine, with the myeloma cells from the patient sample and myeloma 
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mobilization. This results in a suppression of the adhesion of myeloma cells to the bone 
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migration of myeloma cells is also mediated by CXCL12 chemokine [123]. The expression of 
CXCR4 was higher in bone marrow plasma cells of patients with myeloma than patients 
with MGUS. Moreover, the bone marrow plasma of myeloma patients has higher SDF-1α 
levels than that of peripheral blood of myeloma cells and bone marrow plasma of healthy 
individuals [127]. Consistent with its effect on migration, invasion, homing, proliferation 
and survival, CXCL12/CXCR4 axis induced MAPK/ERK, AKT, PKC and NF-kB pathways 
[124, 127]. 

4. Role of proinflammatory transcription factors  
4.1 STAT3 

STAT3 is a member of the STAT family of transcription factors. STAT family proteins were 
first discovered in the context of the specificity of the IFN signalling [128]. STAT3 was first 
described as a DNA-binding factor, in IL-6 stimulated hepatocytes, capable of selectively 
interacting with an enhancer element in the promoter region of acute-phase genes [129]. 

STAT3 is constitutively phosphorylated in v-Src–transformed cells and has been found to be 
necessary for the v-Src induced carcinogenesis. Expression of a constitutively active version 
of STAT3 on its own can lead to fibroblast transformation, showing that STAT3 is an 
oncogene [130]. Consistent with its role in various cancers, STAT3 regulates various genes 
involved in different aspects of cancer progression. Genes regulated by STAT3 that are 
involved in proliferation and growth include c-myc, cyclinD3, cyclin A, cdc25a, p21, 
cyclinD1, Pim-1 and Pim-2. Genes regulated by STAT3 that are involved in survival include 
proteins belonging to the family of Bcl-2 and IAPs, namely, Bcl-2, Bcl-xL, Mcl-1 and 
survivin. STAT3 has also been shown to downregulate the Fas cytokine. STAT3 mediated 
angiogenesis is mediated by VEGF; STAT3 also regulates MMP family members MMP2 and 
MMP9 [131]. STAT3 is vital for development, seen from STAT3 knock out mice which 
succumb to embryonic lethality [132]. However, disruption of STAT3 function either by 
deleting the gene or by introducing the dominant negative form of STAT3, leads to only a 
few phenotypical changes [133]. These findings are critical for the development of 
therapeutic strategies with high therapeutic index. In MM, STAT3 plays an important role in 
survival. It upregulates anti-apoptotic proteins like Bcl2, Bcl-XL and Mcl-1 [134-136]. 
Constitutive expression of STAT3 confers myeloma cells resistance to apoptosis [137]. Out of 
all the anti-apoptotic proteins regulated by STAT3, Mcl-1 seems to be more important. 
While antisense inhibition of Bcl-xL did not inhibit survival, knock down of Mcl-1 was 
sufficient to inhibit survival in myeloma cells. Overexpression of Mcl-1 was able to promote 
proliferation of multiple myeloma cells lines, even in the absence of IL-6 [138].  

Knock down of Bcl-2 can augment dexamethasone induced apoptosis [139], but again, the 
importance of STAT3 in regulating the anti-apoptotic proteins and thereby the survival of 
myeloma cells remains controversial in the light of a lack of correlation between the 
constitutive expression of STAT3 and the anti-apoptotic proteins [140]. However, it is clear 
that STAT3 is not the only factor which regulates the survival of myeloma cells because 
myeloma cells become independent of a IL-6-gp130-STAT3 pathway in the presence of bone 
marrow stromal cells [51]. Almost 48% of MM patients have constitutively activated STAT3 
[140]. There has been no activating mutations of STAT3 detected in MM. But, there has been 
epigenetic silencing of negative regulators of STAT3, namely, SHP1 and SOCS in MM. 27 of 

Targeted Inhibition of Multiple Proinflammatory  
Signalling Pathways for the Prevention and Treatment of Multiple Myeloma 

 

103 

34 (79.4%) myeloma samples showed SHP1 hypermethylation. At least in U266 MM cells, 
methylation of SHP1 may be responsible for constitutive STAT3 activation, because 
treatment with 5-azacytidine, a DNA demethylator, led to a progressive demethylation of 
SHP1 and a parallel downregulation of phosphorylated STAT3 [15]. SOCS-1 is 
hypermethylated in 23 out of 35 (62.9%) MM patient samples and consistently expression of 
this protein is upregulated after treatment with demethylators. So, it can be concluded that 
suppression of the expression of negative regulators of IL6-JAK-S TAT pathway by 
epigenetic silencing increases the sensitivity of myeloma cells to IL-6 induced proliferation 
and survival [141]. Moreover, overexpression of SOCS using adenoviral vector inhibited the 
IL-6 induced proliferation in IL-6 dependent multiple myeloma cells, hinting at another 
strategy to inhibit IL-6 induced downstream signal transduction pathways [142]. 

There are lots of therapeutic strategies that are being developed to target JAK-STAT3 
pathway in MM. In fact, the novel agents that are being used nowadays namely, 
thalidomide and its derivatives and bortezomib, act partially to disrupt the NF-κB induced 
activation of IL-6 and thereby STAT3 activation. Numerous drugs that inhibit IL-6-JAK-
STAT3 pathway at various levels induce apoptosis, both in vitro and in vivo [143-175].  

4.2 NF-κB pathway 

NF-κB is a Rel family of transcription factors consisting of p50, p52, c-Rel, p65/RelA and 
RelB subunits [176, 177]. It was discovered by Dr. Baltimore and colleagues in 1986 as a 
DNA binding protein, recognising specific sequences in the immunoglobulin kappa light 
chain joining (J) segment gene region in B cells [178].  

Various inflammatory stimuli activate the NF-κB pathway. There are two pathways 
involved in the activation of the NF-κB pathway: the classical pathway and the alternative 
pathway.  

NF-κB is a main transcription factor regulating various genes involved in inflammation. NF-
κB has been casually implicated in various types of tumours [179]. Selective deletion of NF-
κB in hepatocytes or inhibition of TNF-α production by neighbouring parenchymal cells, 
induced programmed cell death of transformed hepatocytes and reduced the incidence of 
liver tumours. Paracrine activation of NF-κB in initiated cells was not important in the early 
stages of liver tumour development, but it was crucial for malignant conversion [180]. In 
colitis associated cancer model of mice, selective deletion of IKK-β in inflammatory cells that 
are surrounding the enterocytes reduced the mRNA of inflammatory cytokine levels and 
subsequently decreased the tumour formation. However, selective deletion of IKK-β in 
enterocytes did not reduce inflammatory features, but it induced enhanced cell death in 
enterocytes leading to a decrease in the incidence of colon cancer [181]. It is quite obvious 
from these experiments that NF-κB affects both tumour cells and inflammatory stromal cells 
to induce and promote cancer. NF-κB acts on enteroctyes to inhibit apoptosis and also acts 
on inflammatory cells to stimulate the secretion of various mediators of inflammation which 
inturn acts on the enteroctyes to induce cancer. However, in some tissues, NF-κB acts to 
prevent cancer. For example, inhibition of NF-κB in keratinocytes leads to squamous cell 
carcinoma of skin [182]. In MM, patient samples show a constitutive activation of NF-κB to a 
variable degree [183]. How these cells activate NF-κB in a constitutive manner is still under 
investigation. Soluble cytokines belonging to TNFα super family including TNF-α, BAFF, 
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migration of myeloma cells is also mediated by CXCL12 chemokine [123]. The expression of 
CXCR4 was higher in bone marrow plasma cells of patients with myeloma than patients 
with MGUS. Moreover, the bone marrow plasma of myeloma patients has higher SDF-1α 
levels than that of peripheral blood of myeloma cells and bone marrow plasma of healthy 
individuals [127]. Consistent with its effect on migration, invasion, homing, proliferation 
and survival, CXCL12/CXCR4 axis induced MAPK/ERK, AKT, PKC and NF-kB pathways 
[124, 127]. 

4. Role of proinflammatory transcription factors  
4.1 STAT3 

STAT3 is a member of the STAT family of transcription factors. STAT family proteins were 
first discovered in the context of the specificity of the IFN signalling [128]. STAT3 was first 
described as a DNA-binding factor, in IL-6 stimulated hepatocytes, capable of selectively 
interacting with an enhancer element in the promoter region of acute-phase genes [129]. 

STAT3 is constitutively phosphorylated in v-Src–transformed cells and has been found to be 
necessary for the v-Src induced carcinogenesis. Expression of a constitutively active version 
of STAT3 on its own can lead to fibroblast transformation, showing that STAT3 is an 
oncogene [130]. Consistent with its role in various cancers, STAT3 regulates various genes 
involved in different aspects of cancer progression. Genes regulated by STAT3 that are 
involved in proliferation and growth include c-myc, cyclinD3, cyclin A, cdc25a, p21, 
cyclinD1, Pim-1 and Pim-2. Genes regulated by STAT3 that are involved in survival include 
proteins belonging to the family of Bcl-2 and IAPs, namely, Bcl-2, Bcl-xL, Mcl-1 and 
survivin. STAT3 has also been shown to downregulate the Fas cytokine. STAT3 mediated 
angiogenesis is mediated by VEGF; STAT3 also regulates MMP family members MMP2 and 
MMP9 [131]. STAT3 is vital for development, seen from STAT3 knock out mice which 
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34 (79.4%) myeloma samples showed SHP1 hypermethylation. At least in U266 MM cells, 
methylation of SHP1 may be responsible for constitutive STAT3 activation, because 
treatment with 5-azacytidine, a DNA demethylator, led to a progressive demethylation of 
SHP1 and a parallel downregulation of phosphorylated STAT3 [15]. SOCS-1 is 
hypermethylated in 23 out of 35 (62.9%) MM patient samples and consistently expression of 
this protein is upregulated after treatment with demethylators. So, it can be concluded that 
suppression of the expression of negative regulators of IL6-JAK-S TAT pathway by 
epigenetic silencing increases the sensitivity of myeloma cells to IL-6 induced proliferation 
and survival [141]. Moreover, overexpression of SOCS using adenoviral vector inhibited the 
IL-6 induced proliferation in IL-6 dependent multiple myeloma cells, hinting at another 
strategy to inhibit IL-6 induced downstream signal transduction pathways [142]. 

There are lots of therapeutic strategies that are being developed to target JAK-STAT3 
pathway in MM. In fact, the novel agents that are being used nowadays namely, 
thalidomide and its derivatives and bortezomib, act partially to disrupt the NF-κB induced 
activation of IL-6 and thereby STAT3 activation. Numerous drugs that inhibit IL-6-JAK-
STAT3 pathway at various levels induce apoptosis, both in vitro and in vivo [143-175].  

4.2 NF-κB pathway 

NF-κB is a Rel family of transcription factors consisting of p50, p52, c-Rel, p65/RelA and 
RelB subunits [176, 177]. It was discovered by Dr. Baltimore and colleagues in 1986 as a 
DNA binding protein, recognising specific sequences in the immunoglobulin kappa light 
chain joining (J) segment gene region in B cells [178].  

Various inflammatory stimuli activate the NF-κB pathway. There are two pathways 
involved in the activation of the NF-κB pathway: the classical pathway and the alternative 
pathway.  

NF-κB is a main transcription factor regulating various genes involved in inflammation. NF-
κB has been casually implicated in various types of tumours [179]. Selective deletion of NF-
κB in hepatocytes or inhibition of TNF-α production by neighbouring parenchymal cells, 
induced programmed cell death of transformed hepatocytes and reduced the incidence of 
liver tumours. Paracrine activation of NF-κB in initiated cells was not important in the early 
stages of liver tumour development, but it was crucial for malignant conversion [180]. In 
colitis associated cancer model of mice, selective deletion of IKK-β in inflammatory cells that 
are surrounding the enterocytes reduced the mRNA of inflammatory cytokine levels and 
subsequently decreased the tumour formation. However, selective deletion of IKK-β in 
enterocytes did not reduce inflammatory features, but it induced enhanced cell death in 
enterocytes leading to a decrease in the incidence of colon cancer [181]. It is quite obvious 
from these experiments that NF-κB affects both tumour cells and inflammatory stromal cells 
to induce and promote cancer. NF-κB acts on enteroctyes to inhibit apoptosis and also acts 
on inflammatory cells to stimulate the secretion of various mediators of inflammation which 
inturn acts on the enteroctyes to induce cancer. However, in some tissues, NF-κB acts to 
prevent cancer. For example, inhibition of NF-κB in keratinocytes leads to squamous cell 
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APRIL, lymphotoxin b, are known to activate NF-κB and are present in the bone marrow 
microenvironment. Adhesion of myeloma cells to the bone marrow stromal cells and 
osteoclasts also activates the NF-κB pathway in both myeloma cells and osteoclasts, and 
bone marrow stromal cells. 

Moreover, around 15-20% of myeloma samples and 40% of the cell lines show activating 
mutations in the NF-κB pathway [13, 184, 185]. There could be some unidentified genetic 
mutations or epigenetic modifications that might explain the constitutive activation in the 
remaining tumours. Gain of function mutations include ones encoding receptors known to 
activate NF-κB namely, CD40, LTβR, TAC1, NIK (NF-κB-inducing kinase), and direct 
mutations involving NF-κB1 p50/p105 and NF-κB2 p52/ p100. Loss of function mutations 
include those that involve negative regulators of NF-κB activation namely, TRAF3, TRAF2, 
CYLD and cIAP1/cIAP2, inactivation of TRAF3 being the most common. These mutations 
activate both classical and alternative pathways of NF-κB. CD40, LTβR, TAC1 and receptor 
overexpression may be sufficient to activate the NF-κB pathway or might enhance the 
sensitivity of MM cells to factors in the tumour microenvironment. Overexpression of NIK 
or NF-κB1 p105 directly leads to constitutive activation of NF-κB. Deletion of sequences in 
the p100 IκB-like domain of NF-ΚB2 promotes processing of p100 to p52 and activation of 
the alternative NF-κB pathway [184, 185]. Activating mutations of the NF-κB pathway helps 
the myeloma cells become independent of the bone marrow, as they overcome the need for 
external cytokines activating the pathway [13].  

Activation of NF-κB in myeloma cells induces proliferation, survival and chemoresistance. 
When compared to chemosensitive myeloma cell lines, chemoresistant myeloma cells express 
higher levels of NF-κB, suggesting a link between NF-κB and development of chemoresistance 
[186, 187]. Moreover, dexamethasone induced apoptosis is associated with a decrease in the 
NF-κB DNA binding activity. Interestingly, NF-κB can also serve as a prognostic indicator for 
response to dexamethasone. Only patients who responded to dexamethasone, demonstrated 
decreased NF-κB DNA binding activity in their samples. Enforced ectopic expression of Bcl-2 
in myeloma cells conferred resistance to dexamethasone induced apoptosis, and this was also 
associated with enhanced NF-κB DNA binding [187]. Inhibition of NF-κB by IKK inhibitor 
abrogates the protective effect of IL-6 on dexamethesone induced apoptosis. It also potentiated 
TNFα induced apoptosis in myeloma cells. NF-κB inhibition abrogated the TNFα induced 
upregulation of ICAM-1, both in myeloma cells and in bone marrow stromal cells. It also 
inhibited the myeloma cell adhesion induced IL-6 secretion by bone marrow stromal cells and 
resulting proliferation of myeloma cells. These findings indicate that pro-survival functions of 
the bone marrow microenvironment are abrogated upon NF-κB inhibition. The novel 
therapeutic agents namely, bortezomib and thalidomide and its derivatives, act at least 
partially by inhibiting NF-κB [188].  

5. Role of matrix proteinases, angiogneic and adhesion molecules  
5.1 Matrix metalloproteinase  

Matrix metalloproteinase belong to a family of proteases, capable of degrading all kinds of 
extracellular matrix proteins. In 1962, Gross et al. discovered MMP, when they found 
collagenase activity in the tail of a tadpole during metamorphogenesis [189]. These proteins 
function not only to remodel the extracellular matrix, but also are involved in the cleavage 
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and thereby activation and inactivation of various biologically significant proteins like 
chemokines and growth factors. In the context of cancer, both the cancer cells and stromal 
cells secrete MMPs. Their involvement in invasion and metastasis was examined in various 
clinical models. Recent evidence suggests the role of MMPs in various hallmarks of cancer 
progression [190]. Culture supernatants of bone marrow derived stromal cells from multiple 
myeloma patients were found to have higher levels of MMP-1 and MMP-2 than control 
samples [191]. Moreover, endothelial cells secrete hepatocyte growth factor, which acts on 
myeloma cells to stimulate the secretion of MMP-9 [192]. 5T MM bone marrow expresses 
various MMPs, such as MMP2, MMP8, MMP9 and MMP13. Adequate inhibition of these 
MMPs by a broad spectrum MMP inhibitor SC-964 suppresses angiogenesis, reduces 
tumour load and osteolytic lesions [193]. 

5.2 Vascular Endothelial Growth Factor (VEGF) 

VEGF is a signal protein that stimulates formation of new blood vessels, through 
vasculogenesis and angiogenesis. The activity of VEGF is mediated through three receptor 
tyrosine kinases: VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1) and VEGFR-3 [194]. Dysregulation 
of VEGF has been shown to be a major contributor to tumour angiogenesis as well, 
promoting tumour growth, invasion and metastasis [195]. Upon stimulation by VEGF, 
bovine capillary endothelial cells were shown to proliferate and show signs of capillary-like 
tube structures [196]. Significantly elevated levels of VEGF are observed in a variety of 
haematologic malignancies [197-201]. Several studies link VEGF inactivation to anti-tumour 
effects [202]. Angiogenesis appears to play a role in haematological malignancies [203]. 
There is growing evidence that increased bone marrow angiogenesis occurs in myeloma 
[204, 205] and is related to disease activity [206, 207]. Angiogenesis in myeloma also appears 
to be correlated with the Plasma Cell Labelling Index, PCLI [206]. Micro vessel density 
(MVD) increases five-to-six fold in magnitude with progression from gammopathy of 
undetermined significance (MGUS) or non-active MM to the active MM [93, 208]. Moreover, 
after chemotherapy, MVD decreases significantly in patients in complete or partial 
remission [209]. MM cells release angiogenic factors, such as FGF and VEGF [93, 210], and 
are shown to induce angiogenesis in vivo in the Chick Chorioallantoic Membrane assay [93]. 
They secrete matrix metalloproteinase-2 and -9 (MMP-2 and MMP-9) and urokinase-type 
plasminogen activator [93] and cytokines recruiting inflammatory cells, such as mast cells, 
that then induce angiogenesis through secretion of angiogenic factors in their granules [211]. 
A better understanding of some of the above angiogenic factors would help in developing 
novel therapeutic targets against MM. A few of the widely prominent angiogenic factors are 
reviewed in detail in the following section. 

A number of studies implicate dysregulation of VEGF in MM pathogenesis and associated 
clinical features, including lytic lesions of the bone and immune deficiency. VEGF protein 
was found in malignant cells from 75% of MM patients studied [212]. Increased serum levels 
of VEGF have been correlated with a poor prognosis in patients with advanced stages of 
MM [213]. In fact, Iwasaki T et al. report predicting treatment responses and disease 
progression in myeloma using serum vascular endothelial growth factor [214]. Another 
patient study claims that the levels of VEGF, along with FGF, parallel disease activity [210]. 
VEGF may also affect the immune response in MM patients. Sera from MM patients' bone 
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marrow inhibits antigen presentation by dendritic cells (DCs); conversely, anti-VEGF 
antibodies neutralized this inhibitory effect, confirming that VEGF mediates 
immunosuppression in MM patients [215]. The cytokine is probably involved in the 
progression of MM to plasma cell leukaemia (PCL) [216]. Not just the ligand, its receptor 
VEGFR-1 is also widely expressed on both MM cell lines and patient MM cells, confirmed 
both by reverse-transcriptase polymerase chain reaction (RT-PCR) analyses and 
immunoprecipitation [217-219]. VEGF is generally present in the bone marrow (BM) 
microenvironment of patients with MM and associated with neovascularization at sites of 
MM cell infiltration [220]. The induction of VEGF enhances the microvascular density of 
bone marrow and accounts for the abnormal structure of myeloma tumour vessels 
[221]http://www.nejm.org.libproxy1.nus.edu.sg/doi/full/10.1056/NEJMra1011442 - ref12. 
VEGF increases both osteoclastic bone-resorbing activity [222] and osteoclast chemotaxis 
[223], and inhibits maturation of dendritic cells [224]. As marrow neovascularization 
parallels disease activity in MM, it is reasonable to postulate that the vascular growth factor 
is acting in an autocrine fashion. However, MM cells express VEGF receptors only weakly, if 
at all. Therefore, the mechanism may be paracrine and result from a VEGF-induced time 
and dose-dependent increase in stromal cell secretion of interleukin-6 (IL-6), a known MM 
growth factor [225]. Another cytokine, TNFα, has been reported to be involved in the control 
of VEGF production by myeloma cells [226]. Moreover, VEGF directly, or indirectly through 
its stimulatory activity on TNF-α and IL-β1, stimulates the activation of osteoclasts and thus 
contributes to the lytic lesions in MM [222]. 

Other factors modulating VEGF secretion include Interleukins: IL-1β [227], IL-10 and IL-13 
[228]; secretion of IL-6 [218, 225, 229] or VEGF by both BMSCs and tumour cells 
(paracrine/autocrine loop); hypoxia and the presence of mutant oncogenes (i.e., mutant Ras 
[mutRas] or Bcr-Abl, which up-regulate VEGF expression via HIF-1α protein); secretion of 
growth factors, such as insulin-like growth factor-1 (IGF-1) [88, 230], fibroblast growth 
factor- 4 (FGF-4) [231], platelet-derived growth factor (PDGF) [232], TGF-β [233], TNF-α 
[234] and gonadotropins [235]; c-maf–driven expression of tumour integrin β7 [236]; tumour 
cell expression of ICAM1 and LFA1 modulating adhesion to ECM and BMSCs, thereby 
increasing VEGF production and secretion; and CD40 activation, which induces p53-
dependent VEGF secretion. Binding of VEGF to MM cells triggers VEGFR tyrosine 
phosphorylation, activating several downstream signalling pathways, particularly involving 
phosphatidyl-inositol-3 kinase [237, 238]. PI3-kinase- dependent cascade mediates MM cell 
migration on fibronectin, evidenced by using the PI3-kinase inhibitor bis-indolylmaleimide I 
and LY294002 [237]. This signal transduction pathway is mediated by focal adhesion 
proteins [239], such as FAK, paxillin and cortactin, which are responsible for the 
stabilization of focal adhesion plaques and the reorganization of actin fibres [240]. VEGF 
also regulates MM cell survival by modulating the expression of Mcl-1 and survivin [241].  

MAP kinases (MAPK) are the final effectors of the signal to the nucleus, thereby activating 
genes for proliferation, migration and survival [242]. This increased migration and cell 
proliferation is because of the activation of VEGFR-2, since it is totally inhibited by a 
VEGFR-2 blocking antibody [243]. In fact, MEK-extracellular signal-regulated protein kinase 
(ERK) pathway is shown to mediate MM cell proliferation, evidenced by use of anti-VEGF 
antibody and PD098059 [217]. Approaches to disrupt the VEGF/VEGF receptor signalling 
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pathways range from small molecule VEGF/VEGFR inhibitors, anti-VEGF and anti-VEGF 
receptor antibodies, such as bevacizumab [244, 245], and VEGF transcription inhibitors. Of 
interest are various kinase inhibitors that block the signal transduction mediated by VEGF. 
The VEGF receptor tyrosine kinase inhibitor PTK787 is active preclinically and undergoing 
clinical protocol testing in MM [246, 247]. It acts directly on MM cells to inhibit VEGF-
induced MM cell growth and migration, and inhibits paracrine IL-6–mediated MM cell 
growth in the BM milieu. Pazopanib [248], another VEGF receptor tyrosine kinase inhibitor, 
has been studied for cancer therapy.  

5.3 Adhesion molecules 

Cell adhesion is a key physiological event involved in morphogenesis and histogenesis. 
Adhesion molecules mediate cell-cell and cell-ECM interactions [249], and are also involved in 
intracellular signalling after engagement with their receptors. Broadly, there are five groups of 
adhesion molecules. They are 1) the integrins-mediating cell-ECM and cell-cell adhesion 2) the 
cadherin family-mediating homotypic cell-cell adhesion 3) the selectin family-mediating 
heterotypic cell-cell adhesion 4) the immunoglobulin superfamily-mediating cell-cell adhesion 
and 5) other transmembrane proteoglycans, such as CD44 adhesion molecules and syndecan 
that mediate cell-extracellular matrix adhesion [12]. Dysregulated expression or function of 
adhesion molecules are involved in various steps of cancer progression. 

In MM, there is evidence that adhesion molecules mediate homing of MM cells to the bone 
marrow, secretion of cytokines and growth factors, and development of chemoresistance. 
Out of all the adhesion molecules, VLA-4 and VLA-5 expressed by the myeloma cells play a 
crucial role in the myeloma pathogenesis [250]. VCAM-1 and fibronectin are the receptors 
for VLA. VLA adheres to the bone marrow stromal cells by binding to VCAM, CS-1 
fragment and H1 region of fibronectin [251]. Inhibition of VLA using blocking antibodies 
inhibit the adhesion of myeloma cells to the bone marrow stromal cells and fibronectin 
[252]. VLA dependent adhesion to the bone marrow is regulated by the CXCL12/CXCR4 
axis [253]. This is further supported by the finding that disruption of CXCL12/CXCR4 axis 
results in downregulation of VLA-4 and decreased adhesive capacity in the mobilised 
myeloma cells when compared to premobilisation bone marrow myeloma cells [126]. 

VLA dependent adhesion of MM cells to the bone marrow stromal cells induces secretion of 
IL-6 by an NF-κB mediated mechanism [38, 39]. Drug-sensitive 8226 human myeloma cells, 
expressing both VLA-4 and VLA-5 receptors, are relatively resistant to the apoptotic effects of 
doxorubicin and melphalan, when pre-adhered to FN and compared with cells grown in 
suspension. Upon exposure to chemotherapeutic agents, myeloma cells expressing high levels 
of VLA-4 have survival advantage over those that express them at low levels. When the cells 
were removed from a chronic drug exposure, the VLA-4 expression decreased. However, there 
was no upregulation of common mediators of drug resistance like anti-apoptotic proteins and 
drug exporting glycoproteins in the cells. It was concluded that though the survival advantage 
offered by VLA-4 induced adhesion to fibronectin is less, it is significant in helping them 
survive the acute drug exposure and gives them adequate time to employ the classic 
mechanisms of drug resistance [254]. How adhesion of cells to fibronecin is rendering the cells 
resistance to chemotherapy, is still not completely understood. It was shown that adhesion of 
myeloma cells to fibronectin activates NF-κB and its regulated gene products, leading to drug 
resistance [255]. Moreover, it seems that IL-6 and fibronectin collaborate to stimulate STAT3 
and fibronectin augments IL-6 induced STAT3 activation [256]. 
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growth in the BM milieu. Pazopanib [248], another VEGF receptor tyrosine kinase inhibitor, 
has been studied for cancer therapy.  

5.3 Adhesion molecules 

Cell adhesion is a key physiological event involved in morphogenesis and histogenesis. 
Adhesion molecules mediate cell-cell and cell-ECM interactions [249], and are also involved in 
intracellular signalling after engagement with their receptors. Broadly, there are five groups of 
adhesion molecules. They are 1) the integrins-mediating cell-ECM and cell-cell adhesion 2) the 
cadherin family-mediating homotypic cell-cell adhesion 3) the selectin family-mediating 
heterotypic cell-cell adhesion 4) the immunoglobulin superfamily-mediating cell-cell adhesion 
and 5) other transmembrane proteoglycans, such as CD44 adhesion molecules and syndecan 
that mediate cell-extracellular matrix adhesion [12]. Dysregulated expression or function of 
adhesion molecules are involved in various steps of cancer progression. 

In MM, there is evidence that adhesion molecules mediate homing of MM cells to the bone 
marrow, secretion of cytokines and growth factors, and development of chemoresistance. 
Out of all the adhesion molecules, VLA-4 and VLA-5 expressed by the myeloma cells play a 
crucial role in the myeloma pathogenesis [250]. VCAM-1 and fibronectin are the receptors 
for VLA. VLA adheres to the bone marrow stromal cells by binding to VCAM, CS-1 
fragment and H1 region of fibronectin [251]. Inhibition of VLA using blocking antibodies 
inhibit the adhesion of myeloma cells to the bone marrow stromal cells and fibronectin 
[252]. VLA dependent adhesion to the bone marrow is regulated by the CXCL12/CXCR4 
axis [253]. This is further supported by the finding that disruption of CXCL12/CXCR4 axis 
results in downregulation of VLA-4 and decreased adhesive capacity in the mobilised 
myeloma cells when compared to premobilisation bone marrow myeloma cells [126]. 

VLA dependent adhesion of MM cells to the bone marrow stromal cells induces secretion of 
IL-6 by an NF-κB mediated mechanism [38, 39]. Drug-sensitive 8226 human myeloma cells, 
expressing both VLA-4 and VLA-5 receptors, are relatively resistant to the apoptotic effects of 
doxorubicin and melphalan, when pre-adhered to FN and compared with cells grown in 
suspension. Upon exposure to chemotherapeutic agents, myeloma cells expressing high levels 
of VLA-4 have survival advantage over those that express them at low levels. When the cells 
were removed from a chronic drug exposure, the VLA-4 expression decreased. However, there 
was no upregulation of common mediators of drug resistance like anti-apoptotic proteins and 
drug exporting glycoproteins in the cells. It was concluded that though the survival advantage 
offered by VLA-4 induced adhesion to fibronectin is less, it is significant in helping them 
survive the acute drug exposure and gives them adequate time to employ the classic 
mechanisms of drug resistance [254]. How adhesion of cells to fibronecin is rendering the cells 
resistance to chemotherapy, is still not completely understood. It was shown that adhesion of 
myeloma cells to fibronectin activates NF-κB and its regulated gene products, leading to drug 
resistance [255]. Moreover, it seems that IL-6 and fibronectin collaborate to stimulate STAT3 
and fibronectin augments IL-6 induced STAT3 activation [256]. 
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monoclonal antibody to alpha4 
integrin  
integrin-linked kinase inhibitor 
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[297297] 

Table 1. List of various pharmacological/biological agents modulating inflammatory 
mediators in MM 

6. Conclusions 
Understanding the various growth and survival pathways activated in both myeloma cells 
and various components of the bone marrow microenvironment is of paramount 
importance, not only to the basic understanding of the biology of MM, but also to effectively 
produce efficacious and safer anti-myeloma agents. In essence, myeloma is initiated by the 
primary genetic abnormalities and supported by the bone marrow microenvironment 
induced growth and survival. The secondary genetic mutations and epigenetic 
abnormalities emancipate myeloma cells of their dependence on the bone marrow 
microenvironment, which is when they progress to extramedullary MM. There are multiple 
signalling pathways activated, which serve overlapping functions. Combined inhibition of 
multiple signalling pathways offers better effects.  
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1. Introduction 
The Ubiquitin+Proteasome System (UPS) represents a successful anti-cancer strategy that 
has translated from preclinical studies to clinical development and significantly improved 
the survival of Multiple Myeloma (MM) patients (1). The proteasome is high molecular 
weight structure that contains multiple proteolytic sites and functions as the catalytic core of 
the UPS to degrade Ub~conjugated proteins (2-4). Inhibition of the proteasome’s 
chymotryptic-like peptidase activity blocks the entire UPS and leads to selective tumor cell 
death. Bortezomib is the first proteasome inhibitor used in human clinical trials and 
treatment leads to a reduction in tumor burden in MM patients (5,6). However, cellular 
resistance to proteasome-based therapy generally results and reduces the efficacy. 
Resistance to proteasome inhibitors may result from altered expression of either proteasome 
or non-proteasome encoding genes. SUMOylation is a post-translational modification that 
attaches a Small Ubiquitin-like MOdifier to target proteins and, similar to Ub, may target 
proteins for proteasomal degradation. Gene expression profiling of MM patient samples 
indicated that bortezomib resistance may be achieved through induction of non-proteasome 
components. Importantly, certain effectors of the SUMOylation pathway were induced in 
the samples of MM patients that did not respond to bortezomib. A molecular-based, 
biologically-relevant supervised approach was used to identify a compendium of genes 
within the SUMO+UPS that were induced in MM patients and correlated with a decreased 
response to bortezomib. This molecular approach is relevant to a heterogeneous disease like 
MM where patients with similar clinical and pathologic features have vastly different 
genetic mutations responsible for disease and varying responses to therapies and clinical 
outcomes. The potential role of the SUMOylation pathway is only beginning to emerge, 
however, evidence indicates that SUMOylation is induced in myelomagenesis and also in 
bortezomib-resistant cells. 

An aggresome is a proteinaceous inclusion body that forms when the cellular protein 
degradation machinery is impaired or overwhelmed and leads to an accumulation of 
proteins for disposal (7,8). Aggresome formation is thought to represent a cellular protective 
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response to the presence of abnormal, misfolded or damaged proteins within the cytoplasm 
that cannot be eliminated by the UPS. Aggresomes form adjacent to the microtubule-
organizing center (MTOC) and neighboring the centrosome. The microtubule-based motor 
protein dynein, heat shock proteins and the histone deacetylase 6 (HDAC6) have been 
reported as aggresome components (9). HDAC6 specifically functions as an adaptor protein 
between the dynein motor protein and accumulating polyubiquitinated substrate proteins. 
The protein aggregates that reside in an aggresome are sequestered in a cage that consists 
largely of intermediate filaments. Aggresome formation may serve as an alternative 
mechanism to eliminate the cytotoxic effect of accumulated Ub~protein conjugates. Recent 
evidence indicates that SUMOylation effectors and SUMO-modified proteins are related to 
aggresome formation. Inhibition of SUMOylation could preclude aggresome formation and 
consequently overcome bortezomib resistance.  

 The formation of the aggresome functions as a mechanism not only to sequester potentially 
cytotoxic aggregates but also to serve as a platform for the eventual autophagic clearance of 
these aggregates (10, 11). Autophagy is a catabolic process that involves the degradation of 
the cell's own constituents through the lysosomal machinery (12, 13). It is a tightly-regulated 
process that plays a normal part in cell growth, development, and homeostasis and 
maintains the balance between the synthesis, degradation and subsequent recycling of 
cellular products. It is a major mechanism by which a starving cell reallocates nutrients from 
unnecessary processes to more-essential processes. A variety of autophagic processes exist, 
all having in common the degradation of intracellular components through the lysosome. 
The most well-known mechanism of autophagy involves the formation of a membrane 
around a targeted region of the cell, separating the contents from the rest of the cytoplasm. 
The resultant vesicle then fuses with a lysosome and subsequently degrades the contents. 

Importantly, new evidence indicates upon proteasome inhibition, the accumulated 
Ub~protein conjugates are bound by autophagy cargo receptors for clearance (14, 15). Thus, 
it appears that aggresome formation is a prerequisite for autophagic clearance of 
Ub~protein conjugates (16). In addition, selective autophagy may serve to eliminate these 
aggregates and overcome proteasome inhibition and yield drug resistance. It remains to be 
determined whether SUMOylated proteins are also cleared by autophagic clearance. 
However, inhibition of the SUMOylation pathwya may prevent aggresome formation, 
impede their autophagic clearance of Ub~protein conjugates and overcome bortezomib 
resistance. Future studies will address these questions and may yield new therapeutic 
targets, novel anti-cancer agents and lead to improved strategies for the treatment of MM 
and other malignancies. 

2. Clinical success of proteasome inhibitor-based therapy in multiple 
myeloma 
Multiple myeloma (MM) is a hematologic neoplasm of B-cell origin characterized by the 
clonal proliferation and progressive accumulation of malignant plasma cells within the bone 
marrow. MM accounts for greater than 10% of all hematologic cancers and in spite of 
conventional high-dose chemotherapies, remains uniformly fatal, in part, because of either 
intrinsic (primary) or acquired (secondary) drug resistance. Recent advances in translational 
medicine have led to the development of molecularly-based targeted therapies as well as 
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highly effective synergistic drug combinations that have the potential to achieve a higher 
frequency of durable responses in a greater number of MM patients. Molecular, genomic 
and proteomic studies have further increased understanding of the biology of 
myelomagenesis, provided the basis for better prognostic classification in the context of 
uniform therapies and generated a sound rationale for combining targeted therapies in 
current and emerging clinical development. 

The 26S proteasome is a high-molecular weight, multi-subunit complex that consists of a 20S 
catalytic core and a 19S regulatory particle. Proteasomes are found in eukaryotes, 
archaebacteria and some bacteria. The 20S proteasome functions as the catalytic core of the 
ubiquitin-proteasome system to hydrolyze proteins into short polypeptide and is capable of 
hydrolyzing peptides C-terminal to chymotryptic, tryptic or acidic residues. 20S 
proteasomes are cylindrical structures composed of four stacked rings with each ring 
composed of seven individual subunits. The two inner rings are made of seven β subunits 
that contain the various active sites and the two outer rings are each composed of seven α 
subunits. The two outer rings comprised of α subunits are then bound at either pole by the 
19S regulatory particles. 

Proteasome inhibition is a promising therapeutic strategy for the treatment of an increasing 
number of B cell malignancies, especially MM. Bortezomib is a low molecular weight boron-
based agent that inhibits the chymotryptic-like activity of the proteasome. Inhibition of the 
chymotryptic-like activity inhibits all proteasome activity and acts as a blockade of the 
entire ubiquitin+proteasome pathway. The result is the intracellular accumulation of 
Ub~protein conjugates, activation of cellular stress sensors and eventually cell death. The 
selective cytotoxic effect of proteasome inhibition on tumor cells further validated protein 
degradation as a therapeutic target in oncology and has been translated in the treatment of 
certain malignancies. Bortezomib was US Food and Drug Administration (FDA) approved 
for the treatment of newly diagnosed, relapsed and refractory MM. The introduction of 
bortezomib into the treatment of MM resulted in a paradigm shift and significantly 
improved patient survival. The concurrent targeting of both the tumor cell as well as the 
surrounding bone marrow microenvironment may promote tumor cell death and efficacy. 
The FDA has recently approved a more effective three drug combination of bortezomib, 
lenalidomide and dexamethasone for the treatment of MM that may act on the malignant 
plasma cell and also to counteract the protective effect of the bone marrow milieu.  

Many MM patients, however, exhibit an intrinsic (primary) resistance and do not initially 
respond to bortezomib. Furthermore, in those patients that do respond, clinical efficacy is 
dampened by the inevitable emergence of acquired drug-resistance that eventually develops 
through unidentified mechanisms. While bortezomib has significantly transformed the 
management of MM, the mechanism(s) of action and bases of individual patient 
susceptibility remain unclear. These recent advances in mechanistic understanding and 
treatment modalities have extended median survival to >6 years and 10% of patients now 
survive >10 years. However, the vast majority of MM remains incurable even with these 
strategies.  

Though the catabolism of ubiquitinated substrates has been targeted therapeutically with 
significantly improved prognosis, patient response to bortezomib remains highly variable 
and cannot be predicted accurately. E3 Ub ligases are the specific components of the UPS 
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that recognize substrates for degradation and confer specificity on target selection for the 
UPS. Therefore, the expression of individual E3’s was analyzed using a microarray dataset 
obtained from MM patient tumor samples and found a striking variability in the expression 
level of individual E3 Ub ligases between normal plasma cells and patients MM cells. 
Specifically, RNF4, an E3 specific for poly-sumoylated proteins, was induced in MM 
patients and correlated with decreased patient response to the proteasome inhibitor 
bortezomib. Expression profiling of pretreatment tumor samples obtained from MM 
patients in independent clinical trials were used to generate a signature that correlated 
expression of SUMO+Ub+Proteasome pathway components with clinical outcome to predict 
patient response to bortezomib. 

3. The Ub+Proteasome System (UPS) and the Ub-like SUMOylation pathway 
The UPS regulates numerous critical cellular processes by maintaining the appropriate 
intracellular level of key proteins. Whereas de novo protein synthesis is a comparatively slow 
process, proteins are rapidly degraded at a rate compatible with the control of cell cycle 
transitions and cell death induction. The critical role played by Ub-mediated protein 
turnover in cell cycle regulation makes this process a high-value target for oncogenic 
mutations. SUMO proteins are similar to ubiquitin, and SUMOylation is directed by an 
three-step enzymatic cascade analogous to that involved in ubiquitination. SUMOylation is 
a highly dynamic, reversible, post-translational protein modification, similar to 
ubiquitination that attaches a family of polypeptides to target proteins to modify their 
function, subcellular localization or stability. A role for SUMOylation in the UPS has been 
established since SUMO attachment signals the recruitment of specific E3 Ub ligases to 
target proteins, e.g., PML, PEA, PARP-1 and HIF1-alpha, for ubiquitination and proteasomal 
degradation. Induction of individual SUMOylation and UPS effectors has been 
demonstrated in MM cell lines and patient samples and SUMO pathway induction has been 
correlated with resistance to bortezomib-based therapy. Similarly, proteasome components 
are induced in bortezomib-resistant cells ad ndecrease the toxic accumulation of 
Ub~conjugates. The mechanistic link of SUMOylation to proteasomal resistance is uncertain. 
An important unresolved issue is the clinical significance of sumoylation during 
proteasomal degradation and proteasome inhibitor-based therapy. SUMOylation was 
recently shown to have a role in proteasomal degradation since SUMO-2/3 attachment can 
signal Ub-dependent degradation. Novel RING family Ub ligases, e.g., RNF4, bear SUMO 
interaction motifs and have been implicated in the proteasomal degradation of SUMO-
modified target protein PML. Similarly, the E3 Ub ligase von Hippel–Lindau (VHL) has 
been reported to control the levels of sumoylated HIF-1α while VHL and RNF4 control the 
levels of HIF-2� to indicate that sumoylated HIF-2α is degraded through SUMO-targeted 
ubiquitination. SUMO modification as a signal for degradation is conserved in eukaryotes 
and Ub ligases that specifically recognize SUMO-modified proteins have been discovered 
from yeasts to humans. proteasome components to further link the pathways. Individual 
components of the sumoylation pathway serve as biomarkers to predict clinical response to 
bortezomib and provide evidence for targeting SUMO pathway to improve therapeutic 
outcome in myeloma in general and specifically in combination with proteasome inhibitors. 

SUMO modification as a signal for degradation is conserved in eukaryotes and Ub ligases 
that specifically recognize SUMO-modified proteins have been discovered from yeasts to 
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humans. E3 Ub ligases are engaged in the recognition of biologically relevant proteins that 
are degraded by the proteasome. While proteasome inhibition generates the accumulation of 
Ub~conjugated proteins and ultimately cell death, the selectivity of this process and the role 
of individual E3 ligases has not been previously addressed. We investigated whether UPS 
effectors and specifically, E3 ligases were differentially expressed in MM patients and 
whether expression correlated with resistance to bortezomib-based therapy. Recently, we 
demonstrated that genes encoding SUMOylation pathway effectors were induced during 
myelomagenesis and correlated with decreased patient survival.  

4. Aggresomes and proteasome-based therapy 
Aggresomes are novel cellular structures that employ HDAC6 to sequester and transport 
protein aggregates to the autophagy-lysosome system for efficient disposal. These poorly 
defined structures have been shown to consist of HDAC6, microtubules, heat shock proteins 
and ubiquitin. Aggresome formation is induced by a number of cellular and genotoxic 
stressors, including proteasomal inhibition. These structures may represent a potential 
compensatory mechanism to for cells to eliminate Ub~protein conjugates that accumulate 
upon proteasomal inhibiton. The result may be resistance to proteasome inhibitors and 
promote tumor survival. Similar to Ub, the small Ub-like MOdifier (SUMO) is attached to 
target certain proteins for proteasomal degradation but an association with aggresomes has 
not been established. The proteasome is limited in its capacity to degrade certain proteins, 
such as membrane-associated, oligomeric and protein aggregates. SUMOylation, like 
ubiquitination, may be mechanistically and biologically linked to aggresomes to promote 
the removal of toxic proteins that accumulate upon proteasomal inhibition. SUMOylation 
may also be required for the formation of aggresomes. Genetic or pharmacologic targeting 
of SUMOylation pathway effectors may impair functioning and formation of aggresomes to 
overcome drug resistance and enhance the cytotoxicity of proteasome inhibitors. 

5. Autophagy 
Removal of harmful protein aggregates is mediated by autophagy, a mechanism that 
sequesters cytosolic cargo and delivers it to the lysosome (17-20). Autophagy is of great 
importance for cellular homeostasis and survival, while its deregulation has been linked to 
pathological conditions, e.g., certain neurodegenerative diseases and cancer (21-23). The 
process of autophagy for many years has been thought of as a random degradative process 
to eliminate long-lived cell constituents. However, recent evidence indicates that autophagy 
can be selective and mediated through specialized Ub-binding cargo receptors. 

The involvement of Ub as a specificity factor for selective autophagy has resulted in a rapid 
emergence of studies that have demonstrated active communication between the UPS and 
the aggresome-autophagy-lysosomal system (25). The identification and characterization of 
autophagy receptors, such as p62/SQSTM1, NBR1, p97/ VCP which can simultaneously 
bind both Ub and autophagy-specific Ub-like modifiers, e.g., LC3/GABARAP, and possible 
SUMO has provided a molecular link between the UPS and autophagy (26-28). Since the 
UPS regulates the selective degradation of certain short-lived, mutant and misfolded 
proteins, autophagy may remove not only aggregates which are comprised of long-lived 
proteins but also UPS substrates. Selective autophagy may protect cells from oxidative and 
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that recognize substrates for degradation and confer specificity on target selection for the 
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and Ub ligases that specifically recognize SUMO-modified proteins have been discovered 
from yeasts to humans. proteasome components to further link the pathways. Individual 
components of the sumoylation pathway serve as biomarkers to predict clinical response to 
bortezomib and provide evidence for targeting SUMO pathway to improve therapeutic 
outcome in myeloma in general and specifically in combination with proteasome inhibitors. 
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humans. E3 Ub ligases are engaged in the recognition of biologically relevant proteins that 
are degraded by the proteasome. While proteasome inhibition generates the accumulation of 
Ub~conjugated proteins and ultimately cell death, the selectivity of this process and the role 
of individual E3 ligases has not been previously addressed. We investigated whether UPS 
effectors and specifically, E3 ligases were differentially expressed in MM patients and 
whether expression correlated with resistance to bortezomib-based therapy. Recently, we 
demonstrated that genes encoding SUMOylation pathway effectors were induced during 
myelomagenesis and correlated with decreased patient survival.  
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defined structures have been shown to consist of HDAC6, microtubules, heat shock proteins 
and ubiquitin. Aggresome formation is induced by a number of cellular and genotoxic 
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target certain proteins for proteasomal degradation but an association with aggresomes has 
not been established. The proteasome is limited in its capacity to degrade certain proteins, 
such as membrane-associated, oligomeric and protein aggregates. SUMOylation, like 
ubiquitination, may be mechanistically and biologically linked to aggresomes to promote 
the removal of toxic proteins that accumulate upon proteasomal inhibition. SUMOylation 
may also be required for the formation of aggresomes. Genetic or pharmacologic targeting 
of SUMOylation pathway effectors may impair functioning and formation of aggresomes to 
overcome drug resistance and enhance the cytotoxicity of proteasome inhibitors. 
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Removal of harmful protein aggregates is mediated by autophagy, a mechanism that 
sequesters cytosolic cargo and delivers it to the lysosome (17-20). Autophagy is of great 
importance for cellular homeostasis and survival, while its deregulation has been linked to 
pathological conditions, e.g., certain neurodegenerative diseases and cancer (21-23). The 
process of autophagy for many years has been thought of as a random degradative process 
to eliminate long-lived cell constituents. However, recent evidence indicates that autophagy 
can be selective and mediated through specialized Ub-binding cargo receptors. 

The involvement of Ub as a specificity factor for selective autophagy has resulted in a rapid 
emergence of studies that have demonstrated active communication between the UPS and 
the aggresome-autophagy-lysosomal system (25). The identification and characterization of 
autophagy receptors, such as p62/SQSTM1, NBR1, p97/ VCP which can simultaneously 
bind both Ub and autophagy-specific Ub-like modifiers, e.g., LC3/GABARAP, and possible 
SUMO has provided a molecular link between the UPS and autophagy (26-28). Since the 
UPS regulates the selective degradation of certain short-lived, mutant and misfolded 
proteins, autophagy may remove not only aggregates which are comprised of long-lived 
proteins but also UPS substrates. Selective autophagy may protect cells from oxidative and 
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genotoxic stresses. In addition, this process may remove Ub~ and SUMO~protein 
conjugates that accumulate upon proteasome inhibition and overcome the cytotoxic effect of 
bortezomib. Induction of selective autophagy may be induced in tumor cells to provide a 
mechanism of cell survival and drug resistance (29, 30). Selective autophagy represents a 
promising new pathway to investigate as means to overcome resistance to proteasome 
inhibitors and further advance the treatment of MM. 

6. Conclusions 
Multiple myeloma accounts for a substantial amount of all hematologic malignancies seen 
worldwide. In the US and Europe, the incidence of MM exceeds 40,000 cases annual. MM 
has assumed a position of prominence as a model system for preclinical studies, drug 
development and clinical trials. Unlike other malignancies, in which surgery and radiation 
are important treatment modalities, MM is nearly exclusively treated with stem cell 
transplantation (SCT) or synergistic chemotherapeutic combinations. SCT has produced 
statistically significant survival benefit for MM patients. However, a number of MM patients 
are not eligible for SCT either because of age, toxicities and many patients can relapse. 
Novel therapeutic agents such as the immunomodulatory agents and bortezomib have 
revolutionized therapy and improved overall survival. However, despite these advances, 
MM remains largely incurable as disease relapse is inevitable. Therefore, there is an urgent 
need for new, tolerable agents that demonstrate the ability to either overcome or prevent 
drug resistance. The role of the SUMOylation pathway in Multiple Myeloma is only 
beginning to be understood and appears to be a novel therapeutic target that can be used 
not only to treat MM but also to overcome drug resistance. Future studies will address the 
role of this emerging pathway in myelomagenesis. 
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1. Introduction 
1.1 Regulation of HIF function 

Hypoxia-inducible factor (HIF) is a transcription factor that is a master regulator of cellular 
responses to hypoxia and regulates many genes that are required for adaptation to hypoxia. 
1HIF is composed of two subunits, HIFα and HIFβ. HIFα is composed of three family 
members, HIF-1α, HIF-2α and HIF-3α. 2Among these family members, HIF-1α and HIF-2α 
play crucial roles in hypoxic responses. HIF activity is regulated via two mechanisms in 
response to hypoxia. First, HIFα expression is dependent on oxygen levels. 1 Under 
normoxic conditions, HIFα is hydroxylated at specific proline residues via prolyl-
hydroxylase domain proteins (PHDs). The enzymatic activities of PHDs are dependent on 
oxygen levels. Hydroxylation of the proline residues of HIFs increases the interaction of 
HIFα with the von Hippel-Lindau (VHL) proteins, which recruit an E3 ubiquitin-protein 
ligase. In turn, HIFα is ubiquitinated and subsequently degraded by the proteasome. In 
hypoxic conditions, PHD activity is suppressed and HIFα degradation is reduced. In 
addition to protein levels, oxygen levels control the transcriptional activities of HIFs. 2The 
factors that inhibit HIF (FIHs) play central roles in the process. At normoxic conditions, FIHs 
catalyze hydroxylation of asparagine residues of HIFα, which represses the interaction of 
HIF with the transcriptional coactivator CBP/P300. Using these mechanisms, HIF is 
activated during hypoxia under normal physiological conditions.  

2. Abnormal activation of HIFs in multiple myeloma 
Under physiological conditions, HIFs are active during hypoxia. However, HIFs can be 
activated in many types of cancer cells, even under normoxic conditions, by oncogene 
products, impaired activities of tumor suppressor genes,3 or the accumulation of metabolic 
glucose intermediates. 4 HIFs are known to be activated in multiple myeloma cells. The 
hypoxic microenvironment of multiple myeloma bone marrow and oxygen-independent 
mechanisms contribute to abnormal activation of HIFs in myeloma cells. Asosingh and 
colleagues reported HIF-1α expression in 5T2 MM cells in the mouse myeloma model. 
5These researchers showed that the hypoxic microenvironment of the bone marrow 
contributed to HIF-1 activation, especially in the initial stages of the disease. 5 Hypoxia-
induced HIF-1α expression in myeloma cells in multiple myeloma bone marrow was 
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reported by Hu et al, who used the murine 5T3MM myeloma model to demonstrate that the 
majority of myeloma cells localize in an extensively hypoxic region and show strong 
expression of HIF-1α. 6The correlation between bone marrow hypoxia and HIF-1 activation in 
multiple myeloma cells was detected in human clinical samples. 7 Colla and colleagues 
analyzed the expression of HIF-1α in bone marrow biopsies and demonstrated HIF-1α 
immunostaining in the nuclei of myeloma cells in all multiple myeloma patients. 7 
Additionally, Colla and colleagues analyzed oxygen levels of bone marrow samples from 
multiple myeloma patients and found that the bone marrow of the myeloma patients was 
hypoxic. The researchers speculated that this hypoxia may cause the accumulation of HIF-1α. 
However, the oxygen levels in the bone marrow of healthy volunteers were equivalent to 
those of myeloma patients. Therefore, it is not clear whether a reduced oxygen level in the 
bone marrow is the only inducer of HIF-1α expression. Colla and colleagues detected HIF-1α 
protein in isolated CD138-positive myeloma cells in approximately 28% of myeloma patients 
in normoxic conditions. 7 These observations suggest that the hypoxia-independent 
mechanisms regulate HIF-1α in multiple myeloma cells. Our group detected constitutive 
expression of HIF-1α in several multiple myeloma cell lines and in CD138-positive primary 
myeloma cells even in normoxic conditions. 8 We found that growth factors for myeloma cells, 
including insulin-like growth factor-1 (IGF-1) and IL-6, enhanced the expression of HIF-1α in 
myeloma cells through activation of AKT. LY294002, which is an inhibitor of PI3-kinase and 
AKT, inhibited IGF-1-induced HIF-1α elevation. 8 The oncogene product c-Myc is also 
involved in aberrant activation of HIF-1 under normoxia. 9 10Downregulation of c-Myc by 
chemical inhibitors or siRNA diminished HIF-1α expression levels in myeloma cells. 9 
Increased DNA methylation was detected in the promoter region of VHL11 and PHD12 genes 
in myeloma cells and may contribute to abnormal HIF activation. In addition to protein levels, 
transcriptional activity of HIFs is modulated in multiple myeloma cells. The inhibitor of 
growth family member 4 (ING4) is a tumor suppressor gene that is involved in the process. 
Colla et al. found that myeloma cells showed reduced ING4 expression, which inversely 
correlated with the expression of pro-angiogenic factors such as IL-8 and osteopontin. 13 Colla 
et al. concluded that ING4 suppressed HIF-1 function via PHD interactions.13 

Abnormal activation of HIF-2 is found in multiple myeloma cells. Martin et al. examined the 
expression of HIF-1α and HIF-2α with bone marrow trephine specimens from patients with 
multiple myeloma. 14 They detected weak HIF-1α expression in numerous types of bone 
marrow cells, whereas HIF-2α expression was strong and restricted to CD138-positive cells. 14 
Abnormal activation of HIF-2 was reported by another group. 15 In their study, the expression 
of HIF-1α and HIF-2 was assessed in the bone marrow of 106 multiple myeloma patients. 
Among the patients, HIF-1α and HIF-2 were expressed in 33% and 13.2%, respectively. 15The 
aforementioned findings indicate that HIF-1α and HIF-2 are activated in multiple myeloma 
cells using multiple mechanisms, including the hypoxic environment of the myeloma bone 
marrow, growth factors for myeloma cells and oncogene products (Fig.1).  

3. Role of abnormal HIF activation in the pathophysiology of MM 
HIFα forms a complex with the beta-subunit of HIF and binds conserved DNA sequences 
that are known as hypoxia-response elements (5’-RCGTG-3’) to regulate mRNA expression 
of target genes. 1HIFs regulate many genes that are required for adaptation to hypoxic 
conditions. Among the first group of genes regulated by HIF are pro-angiogenetic factors 
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Fig. 1. Abnormal activation of HIFs in multiple myeloma cells 
The bone marrow of multiple myeloma patients is hypoxic, which induces HIF activation in 
multiple myeloma cells. Growth factors activate HIFs via increased protein synthesis in 
myeloma cells. Overexpression of c-Myc and decreased ING4 enhance HIF activity. DNA 
methylation of the promoter regions of VHL and PDHs, which are required for HIF  
degradation, may enhance HIF levels. 

including vascular endothelial growth factor (VEGF), IL-8 and osteopontin. 13 HIFs regulate 
several chemokines and their receptors SDF-116 (also known as CXCL12) and CXCR4. 17 
Several anti-apoptotic proteins are also HIF targets. HIF-1 regulates the Bcl-2 family of anti-
apoptotic proteins: Bcl-xL18 and Mcl-1. 19 Furthermore, HIF-1 controls the expression of 
survivin, which is a member of the inhibitor for apoptosis family of proteins (IAPs). 20 Under 
hypoxic conditions, glucose metabolism is shifted from oxidative phosphorylation, which 
requires oxygen, to glycolysis. HIFs contribute to this metabolic shift21 via up-regulation of 
glycolytic enzymes including glucose transporters, hexokinase and pyruvate dehydrogenase 
kinase (PDK). 22-24In addition, HIFs suppress mitochondrial function to reduce oxidative 
phosphorylation. 21 

Aberrant HIF activation in multiple myeloma cells enhances the expression of these genes 
and contributes to the pathophysiology of multiple myeloma. HIFs enhance VEGF 
production in myeloma cells. 9In addition, HIF-1 may contribute to increased angiogenesis 
via up-regulation of IL-8 and osteopontin. 13 Osteopontin stimulates the survival and 
migration of endothelial cells to enhance angiogenesis. 25 HIF-2 activation induces CXCL12 
expression, which contributes to aberrant angiogenesis. 14 The promoter of CXCL12 has 
several hypoxia responsive elements (HREs). Treatment of myeloma cell lines with hypoxia 
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increases the binding of HIF-2 to HRE on the CXCL12 promoter and enhances 
transcriptional activity. Ectopic expression of HIF-2 in myeloma cells increases production 
of CXCL2. The role of CXCL12 in angiogenesis was revealed by a study using a mouse 
xenograft model. In this model, the addition of an agonist for CXCR4, which is a receptor for 
CXCL12, inhibited angiogenesis. 14 In addition to pathological angiogenesis, HIFs induce 
survival molecules in multiple myeloma cells. We found that activation of HIF-1 by IGF-1 
enhanced the expression of the anti-apoptotic protein survivin. 8 Recently, target genes of 
HIFs in multiple myeloma cells were analyzed using high-throughput methods. 7 Colla et al. 
compared the transcriptional profile of CD138-positive myeloma cells under normoxia and 
treated with the hypoxic mimetic drug CoCl2. They detected 714 genes that were 
significantly modulated by hypoxia including heme oxygenase-1, heat shock protein 90 
(Hsp90), VEGF and IL-8. 7 In summary, HIFs contribute to the pathogenesis of multiple 
myeloma by inducing the expression of their target genes to enhance angiogenesis in the 
bone marrow and suppressing apoptosis in myeloma cells (Fig. 2). 

 
Fig. 2. Pathological role of HIFs in multiple myeloma  
HIF activation induces the production of several pro-angiogenetic factors and enhances 
angiogenesis in the bone marrow. HIFs suppress apoptosis in myeloma cells by inducing 
anti-apoptotic factors. 

4. HIFs as therapeutic targets for multiple myeloma 
As described above, evidence has accumulated that implicates the important role of HIFs in 
the pathophysiology of multiple myeloma. These findings suggest the possibility for new 
therapeutic approaches that target hypoxic bone marrow microenvironments and HIFs. Our 
group showed that inhibition of HIF-1 function via the chemical inhibitor echinomycin26, 
which disrupts HIF binding to DNA, or siRNA against HIF-1α disrupted the anti-apoptotic 
effects of IGF-1. 8 Importantly, echinomycin enhanced melphalan-induced apoptosis in 
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primary CD138-positive myeloma cells. 8 Zhang et al. found that adaphostin, which is a 
tyrphostin kinase inhibitor, 27 28blocked expression of c-Myc and HIF-1α in several multiple 
myeloma cells. 9 They reported that adaphostin down-regulated c-Myc and HIF-1α in the 
xenograft mouse myeloma model. In this model, the compound suppressed VEGF secretion, 
tumor angiogenesis and tumor progression and increased the survival of the animals. 9 
Known anti-myeloma drugs inhibit function of HIFs. Bortezomib suppresses transcriptional 
activity of HIF-1. 29Lenalidomide inhibits the synthesis of HIF-1α in endothelial cells and 
suppresses the expression of HIF-1α in multiple myeloma cells. 30Recent studies also 
revealed that HIFs were molecular targets of a new generation of agents against multiple 
myeloma. A molecular chaperone, heat shock protein 90 (Hsp90), stabilizes a series of 
proteins that are required for cell cycle progression and survival. 31 In multiple myeloma 
cells, Hsp90 is known to enhance survival, and several inhibitors for HSp90 show anti-
myeloma effects. 31 Interestingly, HIF-1α is a target protein for Hsp90. 32 Treatment of 
myeloma cells with Hsp90 inhibitor blocked expression of HIF-1α expression. 32Together 
with these observations, there is evidence that Hsp90 inhibitor may exert anti-myeloma 
effects through the suppression of HIFs. Histone deacetylase (HDAC) inhibitors are 
attractive new-generation agents against multiple myeloma. 33 HDAC inhibitors suppress 
the growth and survival of myeloma cells in vitro. 34 Furthermore, several HDAC inhibitors 
are currently being used in clinical trials. 35Although the main target of HDAC inhibitors is 
histone deacetylase, the inhibitors modify the function of numerous proteins including 
HIFs. The HDAC inhibitor induces the degradation of HIF-1α independent of VHL function. 
36 37Taken together, HIFs may be a molecular target of HDAC inhibitors in multiple 
myeloma. Finally, TH-302, which is a hypoxia-activated prodrug, 38 shows significant anti-
myeloma effects in the murine myeloma model. 6 These results suggest that the hypoxic 
environment of multiple myeloma bone marrow might be an attractive therapeutic target. 

5. Conclusions 
The microenvironment of bone marrow is hypoxic in multiple myeloma and supports the 
survival and growth of myeloma cells, especially during the initial stage of the disease. 
Hypoxia enhances HIF activity and induces the production of pro-angiogenetic factors. 
Subsequently, angiogenesis in the bone marrow is enhanced and supports further growth of 
myeloma cells. 39 Growth factors for myeloma cells and intrinsic cellular changes (i.e., 
increased c-Myc expression and reduced ING4 levels) modify HIF activity and may 
contribute to increased angiogenesis. Furthermore, HIFs are survival factors for myeloma 
cells that induce the production of anti-apoptotic proteins and may be involved in the 
acquisition of drug-resistance. Treatments targeting both HIFs and hypoxic 
microenvironments represent novel strategies to improve treatment outcomes for multiple 
myeloma. 
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1. Introduction  
Multiple myeloma (MM) is an heterogeneous plasma cell disorder of unknown etiology, 
with a wide range of clinical manifestations and a highly variable disease course. Survival 
varies from a few months to more than ten years. The disease is characterized by bone 
marrow (BM) infiltration by malignant plasma cells usually secreting a serum or urine 
monoclonal immunoglobulin (Ig) component. Progress has been made in the understanding 
of its pathogenesis including knowledge of BM microenvironment and of cellular and 
genetic factors implicated in disease mechanisms that are not uniform in all patients, thus 
partly explaining disease variability. Furthermore, based on these, new very performing 
biology-based treatment modalities have been developed and are either already available 
for patients or under evaluation.  

Prognostic factors (PFs) are needed to predict disease behavior and chemosensitivity to a 
given regimen in order to schedule the most efficient therapeutic approach. They are useful 
both at diagnosis and during disease course, because ongoing biologic transformations are 
taking place, related to further disease manifestations after response or resistance to 
treatment.  

Existing PFs can be divided into those expressing host characteristics, reflecting tumor load 
and associated with malignant plasma cell or BM microenvironment peculiarities.  

In the present context, existing knowledge regarding PFs and risk stratification-systems in 
MM, as well as their contribution in clinical practice, will be summarised. The need for re-
evaluation of some established concepts or guidelines as a consequence of the recent 
therapeutic advances, will be discussed. Focus will be made on symptomatic MM only, 
because this is the field where PFs and risk-stratification systems can contribute the most to 
a better disease management. 
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2. Prognostic factors evaluated before treatment 
Routine clinical and laboratory data assessed upon initial evaluation of newly diagnosed 
symptomatic MM patients include an important number of prognostic factors (Figure 1). 
Their ability to predict disease outcome has usually been established by retrospective 
clinical observations. Other important markers of disease behavior emerged more recently 
and resulted from a better knowledge of disease biology and from advances in laboratory 
technology. Because of the clinical importance of the information they provide, their 
evaluation became strongly recommended (Dimopoulos et al, 2011; Munshi et al, 2011).  

Medical history and physical examination

Age
PS

CBC + smears, 
Ca, Cr, 

SPE & IFE,
IgG, IgA, IgM

sFLC
BM smears & biopsy + morphology; 

PCs immunophenotype?
Karyotype, 

Skeletal survey, 
MRI

albumin, β2Μ, 
LDH

Workout At Diagnosis

Prognostic Factors

FISH of PCs for t(4;14), t(14;16), and del(17p)

GEP studies
Labelling Index

DNA copy number alteration by CGH/SNP array
Cytokines, Growth factors  

PS: performance status, CBC: complete blood count, Ca: calcium, Cr: creatinine, Ig: immunoglobulin, PC: plasma 
cell, β2M: beta2-microglobulin, LDH: lactate dehydrogenase, sFLC: serum free light chain, MRI: magnetic 
resonance imaging, PET: positron emission tomography. FISH: fluorescence in situ hybridization, GEP: gene 
expression profiling, SNP: single nucleotide polymorphism  

Fig. 1. Recommended Workout And Prognostic Factors for MM Patients at Diagnosis.  

2.1 Prognostic factors expressing host characteristics 

2.1.1 Age 

The median age at the time of disease diagnosis is approximately 70 years and about 37% of 
patients are younger than 65 years (Durie et al, 2004; Durie et al, 2006). In several studies, 
younger age was associated with longer survival, both after conventional therapy and high-
dose treatment (Kyle R, 1995; Ludwig et al, 2008; Lenhoff et al, 2006). Indeed age is closely 
related to performance status and the presence of co-morbidities and consequently affects 
treatment choice. Elderly patients are weaker and present frequently other chronic diseases 
such as diabetes mellitus, increased blood pressure or cardiac diseases, thus eventually 
compromising the administration of simple drugs like corticosteroids that are an 
indispensable component of MM chemotherapy. They also develop more frequently than 
younger ones, post-therapy cytopenias and are more prone to infections. 
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2.1.2 Performance status 

Performance status (PS), assessed by the Eastern Cooperative Oncology Group (ECOG) or 
Karnofsky scale, has a considerable impact on patients’ outcome (Rajkumar & Buady, 2007). 
It was shown in a large unselected observational study that the adverse effect of PS on 
outcome was greater than any other single prognostic variable (Kyle et al, 2003). In addition, 
patients with a bad PS are not eligible for high dose treatment with autologous stem cell 
transplantation, independently of age.  

2.2 Prognostic factors derived from initial laboratory tests 

As already mentioned, during initial MM patients’ workout, routine haematology, 
biochemistry, immunology, histopathology, nuclear medicine and radiology tests are 
undertaken, both for diagnostic and prognostic purposes. Many of them are included in the 
Durie–Salmon staging system (Durie & Salmon, 1975) that has been for 30 years the 
standard risk-stratification model for MM patients and is still in use. It is a disease specific 
staging system that combines haemoglobin, calcium, paraprotein concentration and skeletal 
status by x-rays to separate MM patients into 3 distinct prognostic groups, further 
subdivided according to creatinine value. In addition, “disease mass” corresponding to each 
stage, was evaluated with complex mathematic calculations, thus suggesting that the 
aforementioned factors reflect to some extend tumour load, while renal status and extend of 
BM infiltration at aspiration’s site, do not. The major limitations of the Durie-Salmon staging 
were that evaluation of bone disease by x-rays is observer-dependent and that paraprotein 
quantification in light chain MM was evaluated by the amount of 24 hours proteinuria. 

2.2.1 Complete Blood Count (CBC) 

With regard to CBC assessed at diagnosis, anaemia is the most common finding. It confers 
an adverse prognosis without being an independent factor; it may reflect in part tumor 
burden although anaemia is mostly due to cytokines’ inhibitory activity and to impaired 
erythropoietin secretion or function. The other blood counts are usually normal. However, 
all kind of cytopenias (anemia, thrombocytopenia, neutropenia, lymphocytopenia), when 
observed, present a significant correlation with early death (Augustson et al, 2005). 
Thrombocytopenia in particular (Cavo et al, 1989) is a rare but powerful independent PF. 

2.2.2 Serum creatinine 

Renal impairment, due to excessive free light chain (FLC) secretion in urine, is associated 
with an adverse prognosis (Kyle et al, 2003; Drayson et al, 2005). Until 2001 FLC secretion 
was estimated by the amount of protein in the urine collected during 24 hours. During the 
past decade, a new assay was developed which allows precise quantification of serum free 
light chains (Bradwell, 2001). This method was shown useful for both diagnostic and 
prognostic purposes (see below in the current chapter).  

About 20% of patients have increased serum creatinine at the time of diagnosis, while 10% 
present acute renal failure and need haemodialysis. Their long term prognosis depends on 
renal recovery (Wirk et al, 2011), meaning that the correlation between increased creatinine 
and early death is mostly due to short term complications. Thus, the survival of patients 
with recovered kidney function is equivalent to those without renal failure.  
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2.2.3 Serum albumin 

Serum albumin, produced in the liver, regulates blood volume by maintaining blood 
compartment’s osmotic pressure and carries several molecules. The first reports of albumin 
being an important prognostic factor in MM patients came in the late 80s. (Simonsson et al, 
1988; Blade et al, 1989). These results were further validated later on (Kyle et al, 2003), 
leading to the incorporation of albumin into two staging systems, the SWOG (Jacobson et al, 
2003) and the currently widely used ISS (Greipp et al, 2005). 

2.2.4 Serum calcium 

Hypercalcemia is the most common metabolic disorder in MM patients. The main cause is 
bone destruction, which is induced by mediator proteins (RANKL, MIP-1a, DKK-1 and 
proinflammatory cytokines) produced by plasmacytes and stromal cells. Elevated serum 
calcium levels have a toxic effect on the kidneys, enhancing the damage caused by 
paraprotein. Inappropriate parathyroid hormone-like secretion may also contribute to 
increased calcium levels. 

The importance of elevated serum calcium as an adverse prognostic factor was recognized 
early and was incorporated into the Durie-Salmon staging system. In addition, calcium 
levels were shown to constitute an independent predictor of life quality (Wisløff et al., 2007).  

2.2.5 Imaging for the evaluation of bone disease 

X-rays of the spine, skull, chest, pelvis, humeri, and femora remain the standard to identify 
MM related bone lesions. Magnetic resonance imaging (MRI) is recommended to evaluate 
symptoms in patients with normal x-rays results and in all patients with findings suggesting 
the presence of solitary bone plasmacytoma. In Durie – Salmon staging, the presence of 
spontaneous fractures (bone scale 3) leads by itself to stage III disease, independently of any 
other factor. Accordingly, in a series of 158 consecutive MM patients from our department, 
those (24%) presenting spontaneous fractures at diagnosis had a worse outcome than the 
others (Figure 2), with a median disease specific survival of 38 versus 90 months (p=0.012).  

On the contrary, a recent study on the impact of bone lesions as evaluated by conventional 
radiography compared survival of patients with bone scale 0 and 1 (no lesions and diffuse 
osteoporosis) to the others, and failed to prove any difference (Li et al, 2010). 

Indeed, the evaluation of Durie-Salmon bone scale 0, 1 and 2 is much more subjective and 
depends on x-rays quality than scale 3 which involves the presence of fractures. In addition 
plain radiographs are relatively insensitive and can only demonstrate lytic bone disease 
when 30% or more of trabecular bone has been lost (Snapper I, 1971; Lecouvet et al, 1999). 
For all these reasons, Durie proposed in 2006, the incorporation into the system he had 
developed in the 70s, of MRI and positron emission tomography (PET) scan findings for the 
precise evaluation of lytic and other bone lesions (Durie BGM, 2006). The new staging was 
named Durie-Salmon Plus but was not widely adopted.  

MRI showed utility as a prognostic factor (Moulopoulos et al, 2005). The Hellenic MM 
working group evaluated 142 symptomatic MM patients with MRI. Focal marrow lesions 
were identified in 50% of patients, diffuse marrow replacement in 28%, a variegated pattern 
in 14%, and normal pattern in 8% of patients. Patients with diffuse pattern had a median 
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survival of 24 months, while it was longer than 50 months for the remaining patterns. It was 
shown in addition that patients with more than 7 focal lesions detected by MRI, had a worse 
outcome, while in contrast, the number of lesions on plain radiography did not contribute to 
prognosis (Walker et al, 2007). 
 

 
Fig. 2. Survival According to the Presence or Absence of Spontaneous Fractures. 

2.3 Prognostic factors related to tumor burden and growth fraction 

2.3.1 Beta-2-Microglobulin (β2Μ) 
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survival of 24 months, while it was longer than 50 months for the remaining patterns. It was 
shown in addition that patients with more than 7 focal lesions detected by MRI, had a worse 
outcome, while in contrast, the number of lesions on plain radiography did not contribute to 
prognosis (Walker et al, 2007). 
 

 
Fig. 2. Survival According to the Presence or Absence of Spontaneous Fractures. 
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22 
Normal LDH 
93% 

76 

ISS 2: 38% High LDH 10% 11 
Normal LDH 
90% 

40 

ISS 3: 34,3% High LDH 12% 17 
Normal LDH 
88% 

27 

Neben  
et al, 2010 

Low risk: ISS 1 
and absence of 
t(4;14) or 
del17p13 
High Risk: ISS 
2/3 and t(4;14) or 
del17p13 
Int risk: All 
others 

Low: 42%  
5 years OS (%) 

72 
Intermediate: 
44% 

62 

High: 14% 41 

Snozek  
et al, 2008 

Presence of 
0,1,2,3 of sFLC 
abnormal, β2Μ≥ 
3,5 g/dl, albumin 
3,5<g/dl 

0 factors: 12,6%  
5 years OS (%) 

41,5 
1 factor: 29,9% 32 
2 factors: 34,5% 24.5 
3 factors: 23,5% 13.4 

Kyrtsonis  
et al, 2007  

Low risk: sFLCR 
<median and ISS 
<3 
Int risk: Either 
sFLCR> median 
or ISS=3 
High risk: 
sFLCR> median 
and ISS=3 

Low: 29% 5 years OS (%) 90 
Intermediate: 
46% 

56 

High: 24% 24 

ISS: International Staging System, OS = overall survival, sFLCR = serum free light chain ratio,β2  

Μ: B2-microglobulin. 

Table 1. Risk-Stratification Models Attempting ISS Prognostication Improvement 

2.3.2 Lactate Dehydrogenase (LDH) 

Since the late 70s, the relationship between hematological malignancies and elevated LDH 
has been intensively studied (Talageri et al, 1977). In aggressive lymphoma patients, 
increased LDH was found linked to high tumor burden and turnover (Vezzoni MA et al, 
1983). Later on several investigators reported its prognostic value in MM patients 
(Simonsson et al, 1987; Barlogie et al, 1989), it was however not incorporated in any widely 
used staging system, although its ability to identify patients with an especially adverse 
outcome was shown (Dimopoulos et al, 1991; Kyrtsonis et al, 2007b). 
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2.3.3 Plasma cell proliferation 

Increased plasma cell proliferating potential determined by either labeling index, Ki-67 
immunostaining or flow cytometry predicts shorter survival.  

Plasma cell labeling index (PCLI) detects the percentage of cells in S-phase, by assessing 
bromodeoxyuridine uptake (Greipp et al, 1993). High PCLI was associated with both poor 
overall survival and progression-free survival (Boccadoro et al, 1989).  

Ki-67, a nuclear protein expressed in proliferating cells and absent from resting cells, 
constitutes an excellent marker of the neoplastic growth fraction. Increased Ki-67 
immunostaining on BM trephine biopsy specimens was found associated with shorter 
survival, hypodiploidy and identified an adverse prognostic group within ISS stage 1 
patients (Gastinne et al, 2010).  

Plasma cell proliferation can also be evaluated by flow cytometry using fluorescent dye 
which stains nucleic acids to detect the proportion of cells that actively double their DNA 
(Trendle et al, 1999). Actively proliferating cells’ immunophenotype was characterized and 
is CD45brightCD11apos (Robillard et al, 2005). 

2.4 Prognostic factors reflecting cell and microenvironment characteristics 

In this part, prognostic factors related to plasma cell appearance, secretion, expression, 
genetic lesions and interaction with the BM microenvironment will be presented. 

2.4.1 Plasma cell morphology 

In older studies, special attention was given to PCs morphology on BM smears (Fritz et al, 
1984). The presence of 2% or more plasmablasts in the plasma-cell population, was 
associated with a shorter survival (Greipp et al, 1998; Rajkumar et al, 1999). Plasmablasts 
were characterized as follows: fine reticular chromatin pattern in the nucleus; large nucleus 
less-abundant cytoplasm (Figure 3). In addition plasmablastic morphology was associated 
with increased presence of cytogenetic abnormalities. 

 
Fig. 3. Presence of Plasma Cells With Plasmablastic Morphology on BM Smears 
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2.4.2 Immunoglobulin heavy and light chain secretion 

The hallmark of MM is the secretion of monoclonal Ig by BM infiltrating PCs. Paraprotein 
can be detected by serum protein electrophoresis (SPEP) and immunofixation (IFE) and 
quantified nephelometrically or by SPEP densitometry. About 20% of patients secrete light 
chains only (LCO) that can be assessed by serum/urine IFE and precisely quantified by the 
serum free-light-chain (FLC) assay. Although serum monoclonal Ig quantification was one 
of Durie and Salmon staging system’s risk factors and was included in older prognostic 
algorithms (Bettini R, 1983), it was shown that MM aggressiveness or tumor load is not 
necessarily related to the amount of serum Ig heavy chain and subsequent stratification 
models did not retain it as a risk parameter (Kyrtsonis et al, 2009). However, paraprotein 
type was shown to influence survival; IgG patients enjoy the longest one, followed by IgA 
while LCO patients have the shortest (Drayson et al, 2006) 

With regard to the amount of Ig light chains secreted by malignant plasma cells, they were 
traditionally grossly evaluated by 24h proteinuria. In 2001, a new assay was introduced 
which allows precise quantification of serum free light chains (Bradwell et al, 2001; Bradwell 
et al, 2003). This highly sensitive method offered significant improvement in identifying and 
monitoring patients with oligo–secretory and LCO disease. In the next years, serum free 
light chain ratio (sFLCR) was shown a powerful and independent prognostic factor in newly 
diagnosed MM patients (Kyrtsonis et al, 2007; Snozek et al, 2008). Furthermore, the addition 
of sFLCR to factors of disease activity (LDH, β2Μ, genetic abnormalities) provided powerful 
prognostic models (Kyrtsonis et al, 2007b; Kumar et al, 2010). 

Immunoassays using antibodies that target junctional epitopes between the heavy and light 
chains of each Ig molecule were recently manufactured for the analysis of Ig heavy 
chain/light chain (HLC) pairs (Hevylite™). These assays allow the precise quantification of 
the absolute value of the monoclonal IgGκ, IgGλ, IgAκ and IgAλ separately and of their 
deriving ratios (Keren 2009; Bradwell 2010). Preliminary results suggest that HLC and their 
ratios are prognostic with regard to time to treatment (Avet-Loiseau et al, 2009b) and overall 
survival (Koulieris et al, 2010; Ludwig et al, 2010). 

2.4.3 Plasma cell genetic abnormalities 

Chromosomal abnormalities may be evaluated by conventional karyotype, fluorescence in 
situ hybridization (FISH), comparative genomic hybridization, or by single nucleotide 
polymorphism (SNP). Classical cytogenetic analysis is rarely successful because of the low 
plasma cell proliferation rate; however, any chromosomal abnormality that is detected on 
standard cytogenetic analysis is associated with a worse outcome. Monosomy or partial 
deletion of chromosome 13 (del13q14) is a recurrent chromosomal aberration of adverse 
prognosis, observed in approximatively 50% of patients with abnormal karyotypes. The 
frequency of the aforementioned finding is much higher when evaluated by FISH that is 
more sensitive and significantly increases the proportion of patients with chromosomal 
aberrations. However, It seems that the adverse prognostic effect of 13q deletions, as 
detected by FISH, is related to other associated abnormalities, such as t(4;14) translocation 
and partial deletion on chromosome 17p and that patients who have only a chromosome 
13 deletion have the same prognosis as those who do not have this abnormality (Avet-
Loiseau et al, 2007; Kyrtsonis et al, 2010b). Specific translocations in the Ig heavy chain 
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region that are detected by FISH, such as t(4;14), deletion 17p13, and chromosome 1 
abnormalities, are associated with a poor prognosis and high risk, while standard-risk 
disease is defined by the presence of hyperdiploidy or t(11;14) (Fonseca et al, 2009; Avet-
Loiseau, 2010b). The reported adverse impact of other rarer translocations such as t(14;16) 
is still under investigation due to the absence of large testing series. Prognostic 
information provided by GEP and SNP studies recognizes abnormalities throughout the 
whole genome, but they require plasma cell purification and highly specified centers; they 
are not routinely available for clinical prognostic evaluation. 

2.4.4 plasma cell immunophenotype 

Multiparameter flow cytometry (MFC) immunophenotyping can recognize normal plasma 
cell (N-PC) from malignant ones (MPC) according to cell surface markers (CD19, CD38, 
CD45, CD56). It was shown that symptomatic MM patients who have more than 5% N-
PC/MPC at diagnosis present unique clinical, biological, and cytogenetic signature 
characterized by higher haemoglobin levels, less extended BM PC infiltration, lower 
paraprotein levels, and absence of high-risk cytogenetic abnormalities[t(4;14), t(14;16), 
del17p] (Paiva et al, 2009).  

The presence or absence of combined specific cell surface markers predicts outcome. Thus, 
positive staining for CD19 and CD28, as well as absence of CD117 detected on clonal PC 
were associated with significantly shorter survival (Bahlis et al, 2007; Paiva et al, 2011).  

Ploidy status evaluation, determination of the percentage of S-phase PC and stringent 
complete remission (sCR) categorization (Durie et al, 2006) are additional prognostic tools 
provided by MFC immunophenotype.  

2.4.5 Prognostic factors derived from plasma cells and microenvironment cells 
interactions 

The contribution of the medullary milieu to MM pathogenesis, was extensively studied 
during the past 30 years (Mitsiadis et al, 2006). Numerous cytokines and growth factors that 
sustain myeloma cell survival and proliferation are secreted upon plasma cells’ adhesion to 
stromal cells. The serum concentrations of some of these, namely soluble interleukin-6 
receptor (Pulki et al, 2006; Kyrtsonis et al, 2006) and soluble syndecan-1 (Seidel et al 2001, 
Kyrtsonis et al, 2004), are strongly prognostic for adverse survival.  

The formation of new vessels and interactions between plasma cells and osteoclasts (OCs) 
are other important microenvironment processes accompanied by the secretion of cytokines 
and soluble factors that may also constitute prognostic factors. Bone marrow neo-
vascularization is required to support neoplastic cells’ metabolic requirements. The 
microvessel density correlates with disease stage and prognosis (Vacca et al, 1994; Kumar et 
al, 2004). Evolution from monoclonal gammopathy of unknown significance to MM, has 
been found associated with loss of marrow angiogenesis inhibitory activity (Kumar et al, 
2004b). Myeloma and stromal cells produce angiogenic growth factors such as vascular 
endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) that may 
account, in part, for the increased microvessel density observed in the BM. Both factors are 
specific endothelial cell mitogens and their serum levels were found in correlation with 
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disease activity markers in MM patients (Sezer et al, 2001). VEGF also induces proliferation 
and triggers migration of MM cells by increasing vascular permeability (Podar et al, 2001). 
In addition, hepatocyte growth factor (HGF) stimulates epithelial cells’ growth, further 
induces blood vessel formation and promotes osteoclasts formation and activation; high 
serum HGF levels predicted poor response to therapy and survival (Di Raimondo et al, 
2000). The process of angiogenesis in MM is not yet fully elucidated; it is thought that 
imbalance of angiogenic regulators including angiopoietins along with other known and 
unknown factors are additionally involved. Increased serum Angiopoietin-2 or low 
Angiopoietin-1/Angiopoietin-2 ratio were recently found correlated with markers of disease 
activity and overall survival (Joshi et al, 2011; Terpos et al, 2011). Moreover, inhibition of 
neovascularization offers promising therapeutical implications and such mechanisms 
account in part for the improved anti-myeloma activity of new drugs. 

Osteolyses in MM is caused by OCs proliferating in bony areas adjacent to myeloma cells. 
This promiscuity favours both cell types to secrete soluble factors sustaining one each 
other’s activity. The main stimulator of OC formation is a member of the TNF family, 
namely the receptor activator of NF-kappaB ligand (RANKL). RANKL binds to the RANK 
receptor, on osteoclast progenitors, inducing OC differentiation and maturation while on the 
contrary, osteoprotegerin (OPG), a natural decoy receptor, blocks RANKL/RANK ligation. 
In addition, OCs are further regulated by other factors, including TNF, IL-1, IL-6, MIP-1a, 
while at the same time osteoblast inactivation is induced by IL-3, IL-7 and DKK1. 
RANKL/OPG ratio, MIP-1a, and DKK1 serum levels were all found of prognostic 
significance (Terpos et al, 2003a & b; Gavriatopoulou et al, 2009). 

3. Prognostic factors of response to treatment 
Treatment options for patients with MM at diagnosis and in relapse have dramatically 
increased. High dose treatment (HDT) with autologous stem cell transplantation (ASCT), 
thalidomide, lenalidomide, and bortezomib, introduced in the past 2 decades, resulted in 
improved outcomes and duration of response (Kumar et al, 2008; Lonial S, 2010). In 
addition, the depth of response seen with these modalities was never observed before, 
opening horizons for eventual cure. The aforementioned treatments are able to overcome 
the impact of well-known adverse prognostic factors and risk-stratification models, 
rendering the establishment of newer, more appropriate ones, mandatory.  

3.1 Quality of response and response duration 

Achieving complete response (CR) is an important goal based on the general principle that 
focuses in reaching the lowest tumor burden possible, in an intend to cure. In numerous 
studies, it was shown that the “quality” of response positively influenced both event free 
survival (EFS) and overall survival (OS). As “qualitative” responses, very good partial 
responses (VGPR), near complete responses (nCR) and CR (Blade et al, 1998), were included. 

In an attempt to better define deeper CR, stringent CR was introduced as a new category 
in the recent “uniform international response criteria”, concerning patients that, in 
addition to the previous criteria for CR (Blade et al, 1998), also presented normalization of 
free light chain ratio (FLCR) and absence of clonal cells as determined either by bone 
marrow immunfluoresence or immunohistochemistry (Durie et al, 2006). However the 
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importance of FLCR in this context remains controversial. An important limitation of the 
definition is that “abnormal” FLCR has not been well defined. FLCR assesses both 
eventual increase of involved FLC (iFLC) and suppression of the polyclonal one of the 
same class (pFLC); in addition normal values for kappa and lambda FLCs are not exactly 
the same. Setting the appropriate normal range for FLCR in general or cutoff for the “high 
FLCR” group has been proven a challenging task. The mostly widely accepted reference 
range for FLCR is 0.26-1.65. In our experience, the use of “high” and “low” FLCR with 
different cutoff values for kappa and lambda patients was more appropriate; we therefore 
used the median value of each group separately as cut – off (Kyrtsonis et al, 2007; 
Kyrtsonis et al 2008). Indeed, the median value changes from a patients’ series to another. 
An international consensus agreement defining appropriate normal values is urgently 
needed. We also believe that the choice of a “high” and “low” cutoff will resolve to some 
extend, the problem of the so called “discordant” presence of abnormal FLCR with 
normal IFE (de Larrea CF et al, 2009; Singal et al, 2009), given that absence of minimal 
residual disease (MRD) does not necessarily mean absence of polyclonal Ig depression 
involving pFLC and resulting in an abnormal FLCR when using the proposed “lower than 
0.26 or higher than 1.65” range, while it would have been “low” FLCR if our system was 
used. Eventually because of this limitation, although it has been four years since the 
introduction of the sCR entity, the impact of its achievement has not been yet evaluated in 
large clinical trials.  

Multiparameter flow cytometry (MFC) and polymerase chain reaction (PCR) are very 
sensitive methods for MRD evaluation (Liu H et al, 2008; Paiva et al, 2011; Corradini et al, 
2003; Martínez-Sanchez et al, 2008). A recent study showed that achievement of 
immunophenotypic response leads to better response duration and OS than CR and sCR. 
The inclusion of these methods for response evaluation was thus proposed. They are 
however less widely available. 

3.2 Prognostic factors for high dose treatment and autologous transplant 

With conventional treatment CR did not exceed 5% while few patients were primary 
resistant, the median overall survival (OS) being 3 years. The addition of HDT with 
autologous bone marrow or stem cell rescue increased the CR rate up to 30-40% (Attal et al, 
1992; Lenhoff et al, 2000; Barlogie et al, 2004) and median OS to 4-5 years. However, 
although HDT with ASCT may overcome the adverse prognosis of a significant number of 
classical adverse PFs, unsatisfactory response duration was observed after high dose 
treatment and bone marrow transplantation or stem cell rescue in patients with partial or 
complete deletions of chromosome 13 by conventional cytogenetics (Tricot et al, 1995), 
t(4;14)(p16;q32), t(14;16)(q32;q23) and 17p13 deletions (Gertz et al, 2005; Avet-Loiseau, 2007), 
deletions and gains of chromosome 1p21 (Chang et al, 2005) or its associated gene CKS1B 
amplification (Chang et al, 2006). However, a recent retrospective study showed that only 
HDT with ASCT overcome the adverse prognosis conferred by high FLCR, while the same 
was not true for novel agents (Maltezas et al, 2011). 

An interesting observation was that, symptomatic MM patients with more than 5% normal BM 
PCs displayed a greater response rate to HDT/ASCT; The CR rate was 64% versus 33% in the 
rest with significantly longer progression free and overall survival rates (Paiva et al, 2010). 
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3.3 Prognostic factors for new agents 

Over the last years, new therapeutic agents, such as thalidomide, lenalidomide and 
bortezomib have become approved and available for the treatment of MM (Engelhardt et al, 
2006; Pangalis et al, 2006). When they are given alone or in combination with corticosteroids 
or other agents, they produce high response rates including a considerable percentage of 
complete remissions (CR) or near CR (nCR). The latter is probably due to their capacity to 
overcome some markers of adverse prognosis (Table 2). 
 

Marker ASCT 
New Agent 

Comments Thalidomide Lenalidomide Bortezomib

Age S S O O  
PS Ineligible S S S  
LC MM O O O O  
 Hb O S O O  
 Cr O S O O  
 Ca U S O O  
 LDH S S S S  
FLC/FLCR O S S S  
sIL-6R U U U U  
s-syndecan-1 U U U U  
VEGF U S U U  
HGF U S U U  
PCLI S S S U  
Hypodiploidy U U S U  
Del13q/Δ13c S S S O  
t(4;14) S S S O  

del 17p13 S S S O 
Conflicting 
data for 
bortezomib  

1p21 lesions S S S O  
CKS1B amp S U U O  

S: sustained, O: overcome, U: unknown, c: By conventional cytogenetics, 

Table 2. Ability of Novel Agents To Overcome Some Markers Of Adverse Prognosis. 

3.3.1 Thalidomide 

The introduction of thalidomide in MM therapeutics was revolutionary because it 
constituted the first treatment able to act both on myeloma and microenvironmental cells. Its 
mechanism of action includes direct inhibition of malignant plasmacytes via 
immunomodulation of T-cells and enhancement of NK-cells (Davies et al, 2009). It also 
affects BM stromal cells, creating a hostile microenvironment (Mitsiades et al, 2002). The last 
is mediated through reduction of expression of angiogenic factors (IL-6, TNF-a, bFGF, 
VEGF) via gene downregulation in BM endothelial cells (Vacca et al, 2005).  
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The first important study on thalidomide as a single agent (Singal et al, 1999), showed a 
response rate of 32% in relapsed-refractory MM patients. Subsequently other investigators 
confirmed thalidomide efficacy as a single agent or in combination with dexamethasone, 
chemotherapy or other new agents (Rajkumar et al, 2000; Juliusson et al, 2000; Blade et al, 
2001). However, thalidomide does not seem able to overcome established adverse 
prognostic factors such as advanced stage, age ≥ 65 years, abnormal karyotype, increased 
LDH and β2M, del q13/Δ13, hypodiploidy, t(4;14), t(14;16), 17p13 deletions, chromosome 1 
abnormalities, nor that of increased VEGF and HGF levels (Mileshkin et al, 2007); however it 
was shown able to reverse the poor prognosis associated with cyclin-D1 negativity and 
fibroblast growth factor-3 positivity (Kelly et al, 2009). The adverse impact of PCLI was not 
overcome by Thalidomide (Kapoor et al, 2009). 

3.3.2 Lenalidomide 

Lenalidomide is an immunomodulatory drug. In combination with dexamethasone it 
constitutes an effective treatment option for most patients with relapse/refractory MM. In 
myeloma cells, lenalidomide inhibits cell growth, promotes apoptosis and blocks their 
adhesion to stromal cells in the BM milieu (Richardson et al, 2002). In stromal cells, 
lenalidomide reduces the expression of angiogenic factors and several additional factors that 
support plasma cell growth (Dredge et al, 2002). In addition, lenalidomide stimulates T cells 
and natural killer cells (Marriot et al, 2002).It may be beneficial regardless of patient age, 
disease stage and renal function, although the starting dose of lenalidomide should be 
adjusted for renal impairment and cytopenias (Dimopoulos et al, 2011). It was relatively 
recently (early 2008) approved in Europe for the treatment of relapse/refractory patients 
and there are at present only few studies on its effectiveness in the presence of cytogenetic 
findings conferring adverse prognosis. A study on 100 newly diagnosed patients that 
received front-line lenalidomide/dexamethasone showed that patients with high risk MM 
defined by the presence of hypodiploidy, del(13q) by metaphase cytogenetics, del(17p), 
t(4;14), or t(14;16) and high plasma cell labeling index, had a shorter progression-free 
survival compared to standard-risk patients (Kapoor et al, 2009). In addition it was shown 
unable to overcome the adverse prognosis of chromosome 1 abnormalities (Chang et al, 
2010). 

3.3.3 Bortezomib 

Bortezomib (Velcade®) is a reversible inhibitor of the chymotryptic component of the 26S 
proteasome. Thus, by inhibiting the proteasome, it inactivates key proteins implicated in cell 
growth and function such as nuclear factor kappa B (NF-κB), leading to the inhibition of 
cytokines and growth factors, immunoreceptors, adhesion molecules, transcription factors 
and to the induction of apoptosis. In addition, angiogenesis is downregulated through 
inhibition of VEGF and IL-6, which are produced by vascular endothelial cells. In addition, 
normalization of the angiopoietin-1/angiopoietin-2 ratio was shown a surrogate marker of 
response to bortezomib in relapsed/refractory MM patients (Anargyrou et al, 2008). 
Furthermore, indirect anti-tumor effects resulting from gene silencing of RANKL have been 
reported. The drug has an osteoblast activating effect by reducing serum dickkopf-1, 
resulting in an increase of bone-type alkaline phosphatase (Terpos et al, 2006).  



 
Multiple Myeloma – An Overview 

 

156 

3.3 Prognostic factors for new agents 

Over the last years, new therapeutic agents, such as thalidomide, lenalidomide and 
bortezomib have become approved and available for the treatment of MM (Engelhardt et al, 
2006; Pangalis et al, 2006). When they are given alone or in combination with corticosteroids 
or other agents, they produce high response rates including a considerable percentage of 
complete remissions (CR) or near CR (nCR). The latter is probably due to their capacity to 
overcome some markers of adverse prognosis (Table 2). 
 

Marker ASCT 
New Agent 

Comments Thalidomide Lenalidomide Bortezomib

Age S S O O  
PS Ineligible S S S  
LC MM O O O O  
 Hb O S O O  
 Cr O S O O  
 Ca U S O O  
 LDH S S S S  
FLC/FLCR O S S S  
sIL-6R U U U U  
s-syndecan-1 U U U U  
VEGF U S U U  
HGF U S U U  
PCLI S S S U  
Hypodiploidy U U S U  
Del13q/Δ13c S S S O  
t(4;14) S S S O  

del 17p13 S S S O 
Conflicting 
data for 
bortezomib  

1p21 lesions S S S O  
CKS1B amp S U U O  

S: sustained, O: overcome, U: unknown, c: By conventional cytogenetics, 

Table 2. Ability of Novel Agents To Overcome Some Markers Of Adverse Prognosis. 

3.3.1 Thalidomide 

The introduction of thalidomide in MM therapeutics was revolutionary because it 
constituted the first treatment able to act both on myeloma and microenvironmental cells. Its 
mechanism of action includes direct inhibition of malignant plasmacytes via 
immunomodulation of T-cells and enhancement of NK-cells (Davies et al, 2009). It also 
affects BM stromal cells, creating a hostile microenvironment (Mitsiades et al, 2002). The last 
is mediated through reduction of expression of angiogenic factors (IL-6, TNF-a, bFGF, 
VEGF) via gene downregulation in BM endothelial cells (Vacca et al, 2005).  

 
The Contribution of Prognostic Factors to the Better Management of Multiple Myeloma Patients 

 

157 

The first important study on thalidomide as a single agent (Singal et al, 1999), showed a 
response rate of 32% in relapsed-refractory MM patients. Subsequently other investigators 
confirmed thalidomide efficacy as a single agent or in combination with dexamethasone, 
chemotherapy or other new agents (Rajkumar et al, 2000; Juliusson et al, 2000; Blade et al, 
2001). However, thalidomide does not seem able to overcome established adverse 
prognostic factors such as advanced stage, age ≥ 65 years, abnormal karyotype, increased 
LDH and β2M, del q13/Δ13, hypodiploidy, t(4;14), t(14;16), 17p13 deletions, chromosome 1 
abnormalities, nor that of increased VEGF and HGF levels (Mileshkin et al, 2007); however it 
was shown able to reverse the poor prognosis associated with cyclin-D1 negativity and 
fibroblast growth factor-3 positivity (Kelly et al, 2009). The adverse impact of PCLI was not 
overcome by Thalidomide (Kapoor et al, 2009). 

3.3.2 Lenalidomide 

Lenalidomide is an immunomodulatory drug. In combination with dexamethasone it 
constitutes an effective treatment option for most patients with relapse/refractory MM. In 
myeloma cells, lenalidomide inhibits cell growth, promotes apoptosis and blocks their 
adhesion to stromal cells in the BM milieu (Richardson et al, 2002). In stromal cells, 
lenalidomide reduces the expression of angiogenic factors and several additional factors that 
support plasma cell growth (Dredge et al, 2002). In addition, lenalidomide stimulates T cells 
and natural killer cells (Marriot et al, 2002).It may be beneficial regardless of patient age, 
disease stage and renal function, although the starting dose of lenalidomide should be 
adjusted for renal impairment and cytopenias (Dimopoulos et al, 2011). It was relatively 
recently (early 2008) approved in Europe for the treatment of relapse/refractory patients 
and there are at present only few studies on its effectiveness in the presence of cytogenetic 
findings conferring adverse prognosis. A study on 100 newly diagnosed patients that 
received front-line lenalidomide/dexamethasone showed that patients with high risk MM 
defined by the presence of hypodiploidy, del(13q) by metaphase cytogenetics, del(17p), 
t(4;14), or t(14;16) and high plasma cell labeling index, had a shorter progression-free 
survival compared to standard-risk patients (Kapoor et al, 2009). In addition it was shown 
unable to overcome the adverse prognosis of chromosome 1 abnormalities (Chang et al, 
2010). 

3.3.3 Bortezomib 

Bortezomib (Velcade®) is a reversible inhibitor of the chymotryptic component of the 26S 
proteasome. Thus, by inhibiting the proteasome, it inactivates key proteins implicated in cell 
growth and function such as nuclear factor kappa B (NF-κB), leading to the inhibition of 
cytokines and growth factors, immunoreceptors, adhesion molecules, transcription factors 
and to the induction of apoptosis. In addition, angiogenesis is downregulated through 
inhibition of VEGF and IL-6, which are produced by vascular endothelial cells. In addition, 
normalization of the angiopoietin-1/angiopoietin-2 ratio was shown a surrogate marker of 
response to bortezomib in relapsed/refractory MM patients (Anargyrou et al, 2008). 
Furthermore, indirect anti-tumor effects resulting from gene silencing of RANKL have been 
reported. The drug has an osteoblast activating effect by reducing serum dickkopf-1, 
resulting in an increase of bone-type alkaline phosphatase (Terpos et al, 2006).  



 
Multiple Myeloma – An Overview 

 

158 

In Europe, it has been licensed only for the treatment of relapsed/refractory MM patients or 
those with previously untreated MM, who are not eligible for high-dose chemotherapy with 
ASCT, in combination with melphalan and prednisone, while in the US there are no 
restrictions. 

It was shown able to overcome the adverse effect of deleterious genetic aberrations (13q 
deletions, t(4;14), amplification CKS1B (Chang et al, 2007; Jannagath, 2007; Sagaster, 2007). 
Drug effectiveness in patients with del(17p) is controversial (Avet-Loiseau et al, 2010b); 
patients may respond but rapidly relapse. Some subanalyses and prospective studies 
suggest that up-front bortezomib-based treatment followed by HDT/ASCT and 
reinductions with bortezomib-lenalidomide-dexamethasone combinations may benefit high-
risk patients with t(4;14) or del(17p). Nevertheless a subset of patients will still present early 
death (Avet-Loiseau, 2010).  

4. Prognostic factors related to specific disease manifestations 
The prediction of particularly morbid MM manifestations in order to avoid them, if possible, 
would have been of special interest. Unfortunately, although there are a number of markers 
that reflect specific manifestations, almost none predict their acute onset. For example, bone 
disease is more extended when increased concentrations of cytokines and soluble factors 
involved in bone metabolism are observed, but this is not enough to predict spontaneous 
fractures. In the same way, patients with polyclonal hypogammaglobulinaemia are more 
prone to infections but the presence of depressed polyclonal antibodies is not a strong 
enough predictor of infection in order to administer antibiotics. The most “predictable” 
disease manifestation is renal failure and evidences of genetic predisposition for peripheral 
neuropathy are emerging (Corthals et al, 2011). 

4.1 Renal failure 

Rapidly increasing sFLCs, observed while monitoring patients, predict imminent renal 
failure. Approximately 40% of MM patients have renal impairment at clinical presentation 
and 5-10% will require haemodialysis because of acute renal failure from cast nephropathy. 
Since the pre-renal load of sFLCs is the direct cause of renal damage, it is logical to monitor 
for rising concentrations on a regular basis, so that acute renal failure during disease relapse 
can be avoided by early treatment initiation (Hutchison et al, 2007).  

5. Conclusion 
In current clinical practice, MM patients’ workout at diagnosis, automatically include 
prognostic factors such as CBC, creatinine, albumin, β2Μ, LDH, 24 hours proteinuria, SPE, 
IFE and quantitative Ig and FLC measurements (with FLCR calculation), bone survey, bone 
marrow aspiration and biopsy with conventional karyotype. Information provided allows 
staging as well as additional prognostication based on LDH and FLC/FLCR values, thus 
helping treatment choices. However, if the decision to make is between thalidomide- and 
Bortezomib- containing regimens, FISH studies, eventually revealing high risk 
translocations, are useful. Therefore, they should also be routinely performed. Indeed, other 
more sensitive and patients’ specific prognostic information can possibly be provided by 
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GEP and SNP studies but, for the time being these highly specified techniques concern 
research and are not available for clinical purposes. 

After treatment, best response depth estimation is important. The introduction of stringent 
CR improves response evaluation but a more rigorous definition is needed and results of 
large clinical trials on the impact of sCR achievement are awaited. Possible additional 
information provided by multiparameter flow cytometry should be explored, if available. 
The question raised at that time is weather some kind of maintenance would make 
remission last longer. 

During follow-up of MM patients in remission and plateau phase, FLC monitoring allows 
prevention of renal damage and early recognition of relapse. 

At the time of relapse, PFs are once again needed to predict outcome; practically, the same 
that were determined at diagnosis, should be tested. 

In conclusion, prognostic factors and systems have evolved during the past years. They 
allow a better disease management and contribute to the improvement observed with 
regard to survival. Unfortunately, there is still a proportion of patients with suboptimal 
outcomes and disease remains incurable at present. 
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disease is more extended when increased concentrations of cytokines and soluble factors 
involved in bone metabolism are observed, but this is not enough to predict spontaneous 
fractures. In the same way, patients with polyclonal hypogammaglobulinaemia are more 
prone to infections but the presence of depressed polyclonal antibodies is not a strong 
enough predictor of infection in order to administer antibiotics. The most “predictable” 
disease manifestation is renal failure and evidences of genetic predisposition for peripheral 
neuropathy are emerging (Corthals et al, 2011). 

4.1 Renal failure 

Rapidly increasing sFLCs, observed while monitoring patients, predict imminent renal 
failure. Approximately 40% of MM patients have renal impairment at clinical presentation 
and 5-10% will require haemodialysis because of acute renal failure from cast nephropathy. 
Since the pre-renal load of sFLCs is the direct cause of renal damage, it is logical to monitor 
for rising concentrations on a regular basis, so that acute renal failure during disease relapse 
can be avoided by early treatment initiation (Hutchison et al, 2007).  

5. Conclusion 
In current clinical practice, MM patients’ workout at diagnosis, automatically include 
prognostic factors such as CBC, creatinine, albumin, β2Μ, LDH, 24 hours proteinuria, SPE, 
IFE and quantitative Ig and FLC measurements (with FLCR calculation), bone survey, bone 
marrow aspiration and biopsy with conventional karyotype. Information provided allows 
staging as well as additional prognostication based on LDH and FLC/FLCR values, thus 
helping treatment choices. However, if the decision to make is between thalidomide- and 
Bortezomib- containing regimens, FISH studies, eventually revealing high risk 
translocations, are useful. Therefore, they should also be routinely performed. Indeed, other 
more sensitive and patients’ specific prognostic information can possibly be provided by 
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GEP and SNP studies but, for the time being these highly specified techniques concern 
research and are not available for clinical purposes. 

After treatment, best response depth estimation is important. The introduction of stringent 
CR improves response evaluation but a more rigorous definition is needed and results of 
large clinical trials on the impact of sCR achievement are awaited. Possible additional 
information provided by multiparameter flow cytometry should be explored, if available. 
The question raised at that time is weather some kind of maintenance would make 
remission last longer. 

During follow-up of MM patients in remission and plateau phase, FLC monitoring allows 
prevention of renal damage and early recognition of relapse. 

At the time of relapse, PFs are once again needed to predict outcome; practically, the same 
that were determined at diagnosis, should be tested. 

In conclusion, prognostic factors and systems have evolved during the past years. They 
allow a better disease management and contribute to the improvement observed with 
regard to survival. Unfortunately, there is still a proportion of patients with suboptimal 
outcomes and disease remains incurable at present. 
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1. Introduction 
Solitary plasmacytoma (SP), histologically indistinguishable from multiple myeloma 
(MM), is a kind of malignant tumor characterized by the proliferation of monoclonal 
plasma cells. SP is an independent subtype of plasmacytoma, including extramedullary 
plasmacytoma and solitary plasmacytoma of bone (SPB) [1]. Most solitary plasmacytomas 
progress to MM, and are usually treated in the department of hematology. SPB may 
involve in any bone, however, it mainly occurs in the axial skeleton, especially in a 
vertebra. SPB has a high risk of progression to MM, and on magnetic resonance imaging 
(MRI) examination, at least 25% of patients with an apparent solitary lesion have evidence 
of disease elsewhere.  

In patients with solitary plasmacytoma of bone, the diagnosis can be made in the light of 
clinical and radiographic manifestations combined pathology. Thereafter, systemic 
treatment should be performed according to the status of the patients and the evidence of 
disease progression [2-6].  

Although definitive local radiotherapy is a choice for the treatment of SPB, no affirmative 
conclusion can be drawn due to the lack of randomized trials for this kind of disease. Surgical 
management is usually non-mandatory; however, patients may require decompression or 
reconstruction if there are spinal cord compression and pathological fracture.  

2. Epidemiology and clinical features 
SPB is a primary malignant tumor, mainly affecting axial skeleton, especially the vertebra[2]. 
These tumors occur in the spine twice as often as other bony sites [7]. The male/female ratio 
of SPB is about 2 to 1 with a mean age of 55 years [2]. Solitary plasmacytoma is one of the 
most common malignant primary tumors in spine. Involvement of the base of the skull may 
present with cranial nerve palsies. The early symptoms of SPB are not typical. The most 
common presenting symptom is pain. If spine is involved, deformity, motor deficits, sensory 
deficits, n bowel and bladder dysfunction could be seen as well as pain as result of epidural 
spinal-cord compression and/or instability of the vertebra. Plain radiography shows 
expansile, irregular osteolytic lesions with or without vertebra instability [8-9]. CT or MRI 
can detect the lesions and describe the tumor extent at an earlier stage. Particularly, MRI 
scanning has an important reference value in description of residual tumor, local relapse 
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and progression to MM after treatment [10]. The presence of M protein has been reported in 
24%-72% of patients [2]. 

3. Radiological and laboratory features 
All patients with suspected solitary plasmacytoma should undergo X-ray examination, 
computed tomography (CT) scan or magnetic resonance imaging (MRI). Plain radiographs 
showed solitary expansile osteolytic lesion with or without collapse of the vertebral body 
(Fig.A). However, plain radiographs did not show any abnormality in some patients when 
the disease was in the early stage, thus CT scan or CT three-dimensional reconstruction 
examinations were needed. Most CT scan showed osteolytic lesions with or without collapse 
of the vertebral body or even paravertebral soft tissue masses (Fig.B). As a noninvasive 
technique for detecting a potential lesion of the bone, MRI has been a routine evaluation. 
However, there are no definitive guidelines to verify the involvement on an MRI 
examination. Generally, MRI shows Low or intermediate signal on T1-weighted imaging 
and hyperintense on T2-weighted imaging, and significant enhancement with gadolinium 
(Fig.C-E). Whole-body MRI may be an effective technique to detect multiple lesions but 
costly. MRI patterns of marrow involvement play an important role in assessment myeloma 
bone disease. They include normal appearance of bone marrow despite minor microscopic 
plasma cell infiltration, focal involvement, homogeneous diffuse infiltration, combined 
diffuse and focal infiltration, and variegated or “salt-and-pepper” pattern with 
inhomogeneous bone marrow with interposition of fat islands. It is essential to have 
investigations of full skeletal survey to rule out multiple lesions. It is well-known that 
emission computed tomography (ECT) has a primary value in detecting multiple lesions of 
bone. Therefore, it is recommended for patients’ suspicion of multiple myeloma to undergo 
ECT scan, but the positive incidence of detecting occult disease is not encouraging. With the 
advent of positron emission tomography/computed tomography (PET-CT)[11-12], it is 
proved to be an important method to detect occult lesions. 
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Fig. 1. A 68-year-old man with SBP of T10. Lateral radiograph showing mild collapse of 
vertebral body height at T10 (A).Computed tomography scan showing lytic bone 
destruction of the vertebral body (B). Magnetic resonance imaging showing hypointense on 
T1-weighted imaging(C) and hyperintense on T2-weighted imaging(D), and bright 
enhancement after administration of gadolinium(E). 

If SBP is suspected, the following laboratory investigations should be performed in all patients: 
complete blood count (CBC), electrolytes, immunoglobulin, serum monoclonal paraprotein (M 
protein) electrophoresis, urine protein electrophoresis and immune fixation, marrow cell 
morphology and marrow aspiration biopsy. The prevalence of a monoclonal protein (M 
protein) in the serum or urine of patients with SBP varies from 24% to 72%, and the levels of 
the M protein(＜3g/dl) are lower than those patients with MM [2]. In our experience, marrow 
aspiration biopsy is necessary to establish the diagnosis of SBP or MM with certainty.  

4. Diagnosis  
4.1 Diagnostic criteria 

The followings are the recommended diagnostic criteria [3]: 

1. A single area of bone damage due to clonal plasma cell hyperplasia. 
2. Histologically normal marrow aspirate and trephine. 
3. Normal results on skeletal survey, including radiology of long bones. 
4. No anemia, hypercalcemia, or renal impairment due to plasma cell dyscrasia. 
5. Absent or low serum or urinary level of monoclonal immunoglobulin (level of ＞20g/L 

suspicious of MM). 
6. No additional lesions on MRI scan of the spine. 

4.2 Biopsy and pathology 

Biopsy and histopathologic examination play an important role in diagnosing this disease. 
SPB is generally diagnosed by pathology. Needle biopsy under CT or fluoroscopy guidance 
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of the vertebral body or even paravertebral soft tissue masses (Fig.B). As a noninvasive 
technique for detecting a potential lesion of the bone, MRI has been a routine evaluation. 
However, there are no definitive guidelines to verify the involvement on an MRI 
examination. Generally, MRI shows Low or intermediate signal on T1-weighted imaging 
and hyperintense on T2-weighted imaging, and significant enhancement with gadolinium 
(Fig.C-E). Whole-body MRI may be an effective technique to detect multiple lesions but 
costly. MRI patterns of marrow involvement play an important role in assessment myeloma 
bone disease. They include normal appearance of bone marrow despite minor microscopic 
plasma cell infiltration, focal involvement, homogeneous diffuse infiltration, combined 
diffuse and focal infiltration, and variegated or “salt-and-pepper” pattern with 
inhomogeneous bone marrow with interposition of fat islands. It is essential to have 
investigations of full skeletal survey to rule out multiple lesions. It is well-known that 
emission computed tomography (ECT) has a primary value in detecting multiple lesions of 
bone. Therefore, it is recommended for patients’ suspicion of multiple myeloma to undergo 
ECT scan, but the positive incidence of detecting occult disease is not encouraging. With the 
advent of positron emission tomography/computed tomography (PET-CT)[11-12], it is 
proved to be an important method to detect occult lesions. 
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Fig. 1. A 68-year-old man with SBP of T10. Lateral radiograph showing mild collapse of 
vertebral body height at T10 (A).Computed tomography scan showing lytic bone 
destruction of the vertebral body (B). Magnetic resonance imaging showing hypointense on 
T1-weighted imaging(C) and hyperintense on T2-weighted imaging(D), and bright 
enhancement after administration of gadolinium(E). 

If SBP is suspected, the following laboratory investigations should be performed in all patients: 
complete blood count (CBC), electrolytes, immunoglobulin, serum monoclonal paraprotein (M 
protein) electrophoresis, urine protein electrophoresis and immune fixation, marrow cell 
morphology and marrow aspiration biopsy. The prevalence of a monoclonal protein (M 
protein) in the serum or urine of patients with SBP varies from 24% to 72%, and the levels of 
the M protein(＜3g/dl) are lower than those patients with MM [2]. In our experience, marrow 
aspiration biopsy is necessary to establish the diagnosis of SBP or MM with certainty.  

4. Diagnosis  
4.1 Diagnostic criteria 

The followings are the recommended diagnostic criteria [3]: 

1. A single area of bone damage due to clonal plasma cell hyperplasia. 
2. Histologically normal marrow aspirate and trephine. 
3. Normal results on skeletal survey, including radiology of long bones. 
4. No anemia, hypercalcemia, or renal impairment due to plasma cell dyscrasia. 
5. Absent or low serum or urinary level of monoclonal immunoglobulin (level of ＞20g/L 

suspicious of MM). 
6. No additional lesions on MRI scan of the spine. 

4.2 Biopsy and pathology 

Biopsy and histopathologic examination play an important role in diagnosing this disease. 
SPB is generally diagnosed by pathology. Needle biopsy under CT or fluoroscopy guidance 
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can be safe and effective. As this kind of tumor is rare, it is recommended that pathology 
review should be performed by a senior histopathologist who is skilled in bone tumor or 
lymphatic system diseases. In our experience, the definitive diagnosis of SPB should be 
based on clinical, radiologic, and pathologic findings of patients. 

5. Treatment of solitary plasmacytoma of bone 
5.1 Radiotherapy and recommendations 

Radiotherapy is considered the treatment of choice for solitary plasmacytoma of bone. 
Although high local control rates of 83% to 96% are achieved with moderate doses of 
radiotherapy, the progression to multiple myeloma is considerably common [6,13-17]. 
However, the evidence base of radiotherapy is largely consisted of retrospective studies of 
small series of patients. In addition, data on dose-response relationships are weak in most 
series of the literatures [3]. 

On the basis of evidences in the literatures, recommendations were put forward by 
oncologists [3,5,6]. The recommendation on the dose of radiotherapy is 40Gy in 20 fractions 
for lesions with a margin of at least 2 centimeters. For lesions of SPB greater than 5 
centimeters, a higher dose of up to 50Gy in 25 fractions should be considered. As for the 
extent of radiation management, the clinical target volume should include the tumor shown 
on MRI with a margin of at least 2 cm. For a vertebral lesion, the scope of radiotherapy 
should cover the entire bone involved, together with uninvolved adjacent vertebrae [3,8,18]. 
For solitary plasmacytoma of spine, considering the anatomical specificity, more exact 
measurement of radiotherapy dose and target volume is needed to avoid unnecessary 
irritation or damage of normal tissues and neurological elements. It should include the 
whole involved vertebra, together with one uninvolved vertebra above and below. 

5.2 Surgery and recommendations 

Surgery is not the first choice to treat solitary plasmacytoma of bone. However, it remains a 
reliable option for patients with intractable pain as a result of the vertebral involvement, 
vertebral instability, neurological compromise, or a combination of these disorders [3,8,9,19]. 
It is the only method that leads to immediate relief of spinal compression and direct 
biomechanical stabilization of the involved vertebra. Indications for surgery include 
[3,8,9,19,20]: any patient with an unstable of spine where surgery is the only way to fix and 
reconstruct the stabilization of spine; malignant spinal cord compression which can be 
alleviated by surgery; direct compression by intraspinal bony fragments; existing or 
impending motor dysfunction for which immediate decompression is required; no response 
to radiotherapy or radiotherapy tolerance and disease progressing.  

The choice of surgical methods depends on the site and extent of the tumor, general 
condition of each patient, as well as skills and experience of surgeons. It is required that 
surgical plan should be designed carefully before procedure [21,22]. A gross-total resection 
is a reasonable choice for cervical spine tumor [23], and total en-bloc resection is feasible but 
challenging [22,24]. However, total en-bloc spondylectomy or resection is ideal for lesions in 
thoracic and lumbar spine and extraspinal involvements [22,24-26]. Given to the probability 
of long-term survival in patients with this disease, it is recommended that reconstruction of 
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the involved spine should be performed [2,8,27]. For extraspinal osseous lesion, definitive 
local radiotherapy is the main treatment method. However, if pathological fractures of long 
bones or weight-bearing bones have been detected, surgical resection and fixation may also 
be required.  

If surgery is required, radiotherapy should also be given. However, surgery should be 
carried out before radiotherapy because surgery may become more difficult in patients with 
preoperative radiotherapy [2,8,28,29]. Spinal radiation before surgery is associated with a 
significantly higher rate of major wound complication and may adversely affect the surgical 
outcome [28]. 

5.3 Chemotherapy and recommendations 

Although there are insufficient data to support and advocate adjuvant chemotherapy for 
patients with SBP, it may be appropriate to consider to adjuvant radiotherapy in patients at 
higher risk of treatment failure [2-5]. Aviles et al [30] performed a prospective study which 
reported a benefit with combined chemotherapy and RT compared to RT alone. This study 
concluded that combined radiochemotherapy were likely to increase remission and survival 
duration. A suggested approach is to follow guidelines for the treatment of multiple 
myeloma [3]. In addition, patients presenting as SBP, but found on MRI to have more 
extensive disease, should be considered as having MM and treated accordingly [2,3,6]. In 
addition, bisphosphonate treatment lasting for at least one year may be benefit for patients 
with SBP. As for patients with MM, the bisphosphonate treatment should be prolonged to 2 
years. Such management can be effective in reducing skeletal-related events [3,31-33]. 

6. Natural history and prognosis 
The general prognosis of SP is comparatively better, with a 5-year survival rate about 70% 
and median overall survival period of 7.5-12 years [2,3,34]. There is no clear factor to predict 
prognosis of SP. Some researchers consider the following factors as prognosis [3,5,17,18]: old 
age, tumor size, and persistence of M protein after treatment. Majority of patients probably 
developed MM in the end with the median time of 2-4 years, especially those with SP of 
spine [5,15,16-18], and approximately 15%-45% of patients remain disease free at 10 years[4].  

However, there is still no effective method to prevent SPB from progressing to MM and 
there is no consensus in the literature about these adverse prognostic features. Wilder et 
al[36]performed a multivariate analysis on prognostic factors in a series of 60 patients and 
considered sustained M protein for over one year after radiotherapy as the adverse 
prognostic factor, while age, tumor size and paraprotein level were of no special prognostic 
value. Modalities for monitoring of disease status such as PET/CT, free light chain 
examination, marrow aspiration biopsy, etc. could identify high risk groups for disease 
progression [3,5,6,11,12]. 

For patients with SBP, it is required carefully monitoring to detect progression to MM, 
possibly 6 weekly for 6 months, with extension of clinic appointments. Assessment of signs 
and symptoms should be undertaken, together with radiographic and laboratory 
investigations such as MRI, haematology, biochemistry, serum and urine paraprotein 
estimation [2-6,14].  
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can be safe and effective. As this kind of tumor is rare, it is recommended that pathology 
review should be performed by a senior histopathologist who is skilled in bone tumor or 
lymphatic system diseases. In our experience, the definitive diagnosis of SPB should be 
based on clinical, radiologic, and pathologic findings of patients. 

5. Treatment of solitary plasmacytoma of bone 
5.1 Radiotherapy and recommendations 

Radiotherapy is considered the treatment of choice for solitary plasmacytoma of bone. 
Although high local control rates of 83% to 96% are achieved with moderate doses of 
radiotherapy, the progression to multiple myeloma is considerably common [6,13-17]. 
However, the evidence base of radiotherapy is largely consisted of retrospective studies of 
small series of patients. In addition, data on dose-response relationships are weak in most 
series of the literatures [3]. 

On the basis of evidences in the literatures, recommendations were put forward by 
oncologists [3,5,6]. The recommendation on the dose of radiotherapy is 40Gy in 20 fractions 
for lesions with a margin of at least 2 centimeters. For lesions of SPB greater than 5 
centimeters, a higher dose of up to 50Gy in 25 fractions should be considered. As for the 
extent of radiation management, the clinical target volume should include the tumor shown 
on MRI with a margin of at least 2 cm. For a vertebral lesion, the scope of radiotherapy 
should cover the entire bone involved, together with uninvolved adjacent vertebrae [3,8,18]. 
For solitary plasmacytoma of spine, considering the anatomical specificity, more exact 
measurement of radiotherapy dose and target volume is needed to avoid unnecessary 
irritation or damage of normal tissues and neurological elements. It should include the 
whole involved vertebra, together with one uninvolved vertebra above and below. 

5.2 Surgery and recommendations 

Surgery is not the first choice to treat solitary plasmacytoma of bone. However, it remains a 
reliable option for patients with intractable pain as a result of the vertebral involvement, 
vertebral instability, neurological compromise, or a combination of these disorders [3,8,9,19]. 
It is the only method that leads to immediate relief of spinal compression and direct 
biomechanical stabilization of the involved vertebra. Indications for surgery include 
[3,8,9,19,20]: any patient with an unstable of spine where surgery is the only way to fix and 
reconstruct the stabilization of spine; malignant spinal cord compression which can be 
alleviated by surgery; direct compression by intraspinal bony fragments; existing or 
impending motor dysfunction for which immediate decompression is required; no response 
to radiotherapy or radiotherapy tolerance and disease progressing.  

The choice of surgical methods depends on the site and extent of the tumor, general 
condition of each patient, as well as skills and experience of surgeons. It is required that 
surgical plan should be designed carefully before procedure [21,22]. A gross-total resection 
is a reasonable choice for cervical spine tumor [23], and total en-bloc resection is feasible but 
challenging [22,24]. However, total en-bloc spondylectomy or resection is ideal for lesions in 
thoracic and lumbar spine and extraspinal involvements [22,24-26]. Given to the probability 
of long-term survival in patients with this disease, it is recommended that reconstruction of 
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the involved spine should be performed [2,8,27]. For extraspinal osseous lesion, definitive 
local radiotherapy is the main treatment method. However, if pathological fractures of long 
bones or weight-bearing bones have been detected, surgical resection and fixation may also 
be required.  

If surgery is required, radiotherapy should also be given. However, surgery should be 
carried out before radiotherapy because surgery may become more difficult in patients with 
preoperative radiotherapy [2,8,28,29]. Spinal radiation before surgery is associated with a 
significantly higher rate of major wound complication and may adversely affect the surgical 
outcome [28]. 

5.3 Chemotherapy and recommendations 

Although there are insufficient data to support and advocate adjuvant chemotherapy for 
patients with SBP, it may be appropriate to consider to adjuvant radiotherapy in patients at 
higher risk of treatment failure [2-5]. Aviles et al [30] performed a prospective study which 
reported a benefit with combined chemotherapy and RT compared to RT alone. This study 
concluded that combined radiochemotherapy were likely to increase remission and survival 
duration. A suggested approach is to follow guidelines for the treatment of multiple 
myeloma [3]. In addition, patients presenting as SBP, but found on MRI to have more 
extensive disease, should be considered as having MM and treated accordingly [2,3,6]. In 
addition, bisphosphonate treatment lasting for at least one year may be benefit for patients 
with SBP. As for patients with MM, the bisphosphonate treatment should be prolonged to 2 
years. Such management can be effective in reducing skeletal-related events [3,31-33]. 

6. Natural history and prognosis 
The general prognosis of SP is comparatively better, with a 5-year survival rate about 70% 
and median overall survival period of 7.5-12 years [2,3,34]. There is no clear factor to predict 
prognosis of SP. Some researchers consider the following factors as prognosis [3,5,17,18]: old 
age, tumor size, and persistence of M protein after treatment. Majority of patients probably 
developed MM in the end with the median time of 2-4 years, especially those with SP of 
spine [5,15,16-18], and approximately 15%-45% of patients remain disease free at 10 years[4].  

However, there is still no effective method to prevent SPB from progressing to MM and 
there is no consensus in the literature about these adverse prognostic features. Wilder et 
al[36]performed a multivariate analysis on prognostic factors in a series of 60 patients and 
considered sustained M protein for over one year after radiotherapy as the adverse 
prognostic factor, while age, tumor size and paraprotein level were of no special prognostic 
value. Modalities for monitoring of disease status such as PET/CT, free light chain 
examination, marrow aspiration biopsy, etc. could identify high risk groups for disease 
progression [3,5,6,11,12]. 

For patients with SBP, it is required carefully monitoring to detect progression to MM, 
possibly 6 weekly for 6 months, with extension of clinic appointments. Assessment of signs 
and symptoms should be undertaken, together with radiographic and laboratory 
investigations such as MRI, haematology, biochemistry, serum and urine paraprotein 
estimation [2-6,14].  
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1. Introduction 
Plasmacytomas are clonal proliferations of plasma cells that are cytologically and 
immunophenotypically identical to those of plasma cell myeloma, but manifest a localized 
osseous or extraosseous growth pattern (Jaffe et al., 2001).  

Solitary plasmacytomas are tumors of plasma cell origin that constitute less than 10% of all 
plasma cell neoplasms (Osserman, 1959) with a slightly lower median age of approximately 
63 years (Hernandez et al., 1995).  

The World Health Organization classification recognizes solitary plasmacytoma of bone 
(solitary bone plasmacytoma, SBP) and extramedullary / extraosseous plasmacytoma (EMP) 
(Jaffe et al., 2001).  

The International Myeloma Working Group (IMWG) recognizes solitary plasmacytoma of 
bone, extramedullary plasmacytoma and multiple solitary plasmacytomas (+/-recurrent) as 
distinct entities (The International Myeloma Working Group. Criteria for the classification of 
monoclonal gammopathies, multiple myeloma and related disorders: a report of the 
International Myeloma Working Group, 2003). 

2. Solitary bone plasmacytoma 
2.1 Epidemiology and clinically-laboratory features 

Solitary bone plasmacytoma has a male:female ratio of 2:1, with a median age of 55 years 
and primarily affects the axial skeleton especially the vertebrae (Dimopoulos et al, 2000) 
(Table 1). Osseous lesions constitute approximately 70% of all plasmacytomas. They involve 
primarily marrow-containing bones, with a predilection for the vertebrae, femurs, and 
pelvis (Bolek et al., 1996). 

Malignant bone tumours of the spine are extremely rare (<0,05% of primary neoplasms). 
Solitary plasmacytoma is the commonest separate entity within this group, accounting for 
approximately 30% of the total (McLain & Weinstein, 1989). These tumours occur in the 
spine twice as often as other bony sites (Chang et al, 1994). 

The most common presenting symptom is pain due to bone destruction, but patients with 
vertebral involvement may also have evidence of spinal cord or nerve root compression.  
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A few patients with solitary bone plasmacytoma present with symptoms and signs of 
demyelinating polyneuropathy. In evaluating such patients, the syndrome of 
polyneuropathy, organomegaly, endocrinopathy, M protein, and skin changes (POEMS) 
should be considered. Involvement of the base of the skull can present with cranial nerve 
palsies (Vaicys et al, 1999;Vijaya-Sekaran et al, 1999).  
 

 SBP SEP 
Age (years), median 55 55 
M:F 2:1 3:1 

Predominant site Axial skeleton, 
especially vertebrae Head and neck 

% with M protein 60 <25 
% developing MM >75 <30 
% survival at 10 years 40–50 70 

Table 1. Clinical features of solitary bone plasmacytoma and extramedullary plasmacytoma 
(United Kingdom Myeloma Forum, Guidelines on the diagnosis and management of 
solitary plasmacytoma of bone and solitary extramedullary plasmacytoma, 2004). 

The involvement of the nervous system is a common complication of plasma cell neoplasms. 
Cranial myelomas (osseous, such as skull bones) and intracranial myelomas (other than 
bones, ie, extramedullary, such as hypothalamus) can be broadly classified into three clinical 
groups (Moossy et al. 1967) as shown in Table 2.  

Group Syndrome Involvement Clinical Picture 
I cranial nerve palsies base of the skull single or multiple 

cranial nerve palsies 
II intracranial tumor - cranial myeloma 

extending 
intracranially 
- lesions that are 
entirely intracranial 

similar to a primary 
brain tumor 

III intraorbital tumor orbit orbital space-
occupying lesion 

Table 2. Involvement of Nervous System in Plasma Cell Neoplasms 

Plasmacytoma involvment of petrous bone causes dysphagia secondary to lateral medullary 
syndrome (it is one of the brainstem vascular syndromes that occur due to the occlusion of 
posterior inferior cerebellar artery or one vertebral artery, which may lead to dysphagia, 
vertigo, vomiting, ipsilateral paralysis of soft palate, ipsilateral Horner’s syndrome, 
ipsilateral hypotonia and ataxia, and dissociated sensory loss) and results in paralysis of the 
10th and 12th cranial nerves. The body of the sphenoid and the apex of the petrous bone are 
the most common sites of involvement. The tumors may be either small or discrete, or they 
may grow to large dimensions. These lesions have a greater tendency to expand locally 
rather than to disseminate, a property that may be controlled by specific cytokines (Mill et 
al., 1980). The bone is probably the site of origin; however, they may arise from mucosa 
contained within the sphenoid and petrous bones, since non-osseous myelomas are 
common.  
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The cranial nerves can be affected either by local distortion or by direct destruction, such as 
that which occurs with invasion of the cavernous sinus or jugular foramen region. Other 
cause of the neuropathy with chronic and slowly progressive course may be an axonopathy 
with secondary demyelination. High titers of anti-MAG (myelin-associated glycoproteins) 
are seen in patients with neuropathy. Involvement of the 5th, 6th, and 8th cranial nerves is 
most common (Moossy et al., 1967). 

An intracranial plasmacytoma is a rare form, which can involve the calvarium, dura or the 
cranial base. It could manifest with majority of neurological symptoms, such as headache, 
diplopia, gait disturbances, hypoesthesia and areflexia of extremities, personality disorder 
and many others. Intracranial plasmacytoma may be cause of acute or chronic intracerebral 
hemorrhage. (Goyal et al., 2006; Crowley et al., 2010) 

Intraorbital localization of plasmacytoma may present with exophthalmos, increased 
tearing, blurred vision, also diplopia or unilateral loss of vision (Wachter et al.,2010; 
Brandon Hayes-Lattin et al., 2003). 

2.2 Diagnosis and investigation of SBP 

2.2.1 Diagnostic criteria  

 single area of bone destruction due to clonal plasma cells; 
 histologically normal marrow aspirate and trephine (<5% plasma cells); 
 normal results on skeletal survey, including radiology of longbones; 
 no anaemia, hypercalcaemia or renal impairment due to plasma cell dyscrasia; 
 absent or low serum or urinary level of monoclonal immunoglobulin (level of >20 g/l 

suspicious of multiple myeloma); 
 o additional lesions on magnetic resonance imaging (MRI) scan of the spine. 

(United Kingdom Myeloma Forum. Guidelines on the diagnosis and management of 
solitary plasmacytoma of bone, extramedullary plasmacytoma and multiple solitary 
plasmacytomas: 2009 update). 

2.2.2 The recommended investigations  

 full blood count  
 biochemical screen including electrolytes and corrected calcium  
 serum immunoglobulin levels  
 serum and urine protein electrophoresis and immunofixation  
 serum free light chain assay  
 full skeletal survey 
 MRI of spine and pelvis (or skeletal survey by MR where this facility exists)  
 bone marrow aspirate and trephine  
 PET scanning may be useful in selected patients. 

(United Kingdom Myeloma Forum. Guidelines on the diagnosis and management of 
solitary plasmacytoma of bone, extramedullary plasmacytoma and multiple solitary 
plasmacytomas: 2009 update). 
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2.2.3 Laboratory  

SBP should be diagnosed by tissue biopsy. Fine needle aspirate is inadequate. (United 
Kingdom Myeloma Forum. Guidelines on the diagnosis and management of solitary 
plasmacytoma of bone, extramedullary plasmacytoma and multiple solitary plasmacytomas: 
2009 update). 

Percutaneously guided biopsy of the spine is usually possible either by fluoroscopy or CT. 
All diagnoses should be made or reviewed by specialist haematopathologists in accordance 
with NICE guidelines for improving outcomes in haematological cancers (NHS NICE 
Improving outcomes in haematological cancers 2003. www.nice.org.uk).  

When a bone tumor is encountered which is histopathologically diagnosed as ‘small round 
cell tumor’, the differential diagnosis includes Ewing sarcoma, osteosarcoma of small cell 
type, malignant lymphoma, plasmacytoma, metastatic small cell lung cancer and so on. 

The bone marrow of patients with SPB should have no clonal plasma cells. But some 
patients may demonstrate up to 10 percent clonal plasma cells, and are considered as having 
both SPB and monoclonal gammopathy of undetermined significance (MGUS). These 
patients may have a higher risk of progression to symptomatic myeloma. If patients 
suspected to have SPB have 10 percent or more clonal plasma cells in the bone marrow, they 
should be considered to have Durie-Salmon stage I myeloma rather than SPB.  

Immunophenotyping. Monoclonality and /or an aberrant plasma cell phenotype should be 
demonstrated with useful markers being CD19, CD56, CD27, CD117 and cyclin D1 
(Rawstrom A.C, 2008).The immunophenotyping of bone marrow plasma cells in SBP has not 
been investigated so far and since a significant number of these patients progress to multiple 
myeloma. It is possible that the bone marrow of patients with SBP might contain neoplastic 
PC at the time of diagnosis, which may correlate with risk of progression to multiple 
myeloma. Maayke et al. demonstrated by flow cytometry, that aberrant phenotype plasma 
cells present at distant bone marrow sites in 67% of patients with solitary plasmacytoma of 
bone (Maayke et al., 2010). In the report of Bhaskar et al., plasma cells were easily identified 
based on dual expression of CD38 and CD138 in the bone marrow aspirates and varied from 
0.17% to 1.05%. The neoplastic as well as normal PC were seen in the bone marrow aspirates 
of all the cases at the time of diagnosis and ranged from 0.10% to 0.70% and 0.06% to 0.49% 
of all the bone marrow cells respectively (Bhaskar et al., 2009). The authors suggest, that 
aberrant immunophenotype rather than the light chain restriction pattern was useful in 
identification of low number of neoplastic plasma cells in the bone marrow as the :λ ratio 
was normal in all the samples (range: 0.5% to 1.6%). However, small number of cases 
studied and the relatively short duration of follow-up preclude a definitive opinion on value 
of these findings at this time. But given the ease of flow cytometric quantitative detection 
and enumeration of neoplastic PC in the bone marrow, additional studies for prognostic 
value determination are needed.  

Cytogenic. Cytogenetic studies in SBP reveal loss in chromosome 13, 1p, 14q, gain in 19p, 
9q, 1q and IL-6 is considered as the principal growth factor in the pathogenesis (Christopher 
DM Fletcher. Diagnostic histopathology of tumors. Volume 2, 2nd edition. Churchill 
Livingstone). 
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M-protein and serum free light chain assay. The presence of monoclonal protein (M 
protein) in the serum or urine has been noted in 24%-72% of patients in various series 
(Dimopoulos MA, 2000, 2002). In experience of M.D.Anderson Cancer Center (Weber D. 
2005), among 63 consecutive previously untreated patients with SBP, 62% had a serum M 
protein, 13% had only Bence Jones protein (BJP), and 25% had non-secretory disease. 
Paraprotein values were usually very low, with only 11 of 37 patients with a serum M 
protein > 1 g/dL (high value 2.2 g/dL) and the highest urine BJP was 0.7 g/day.  

Recently, free light chain assays have provided a measurable parameter to follow in 
approximately 65% of patients previously diagnosed with “nonsecretory” multiple 
myeloma by standard electrophoretic studies (Drayson MT, 2001). In report of Frassica et 
al. on 46 patients with SBP, 25 (54%) had a detectable serum or urine M-protein, 4 patients 
had an M-protein in both serum and urine, while 1 patient had only Bence Jones 
proteinuria (Frassica et al., 1989). The M-protein may decrease with successful therapy of 
SBP, and it has been reported that complete disappearance of the M-protein 1 year after 
therapy is associated with prolonged disease stability (Liebross et al., 1998; Wilder et al., 
2002).  

Uses of the serum free light chain (SFLC) assay has the prognostic value in solitary 
plasmacytoma (Dispenzieri et al., 2008): an abnormal serum immunoglobulin free light 
chain (FLC) ratio at diagnosis may identify risk of progression to myeloma in patients 
with solitary bone plasmacytoma. The risk of progression at 5 years was 44% in patients 
with an abnormal serum FLC ratio at diagnosis compared with 26% in those with a 
normal FLC ratio. There is a risk stratification model using the 2 variables of FLC ratio 
and M-protein level (patients with a normal FLC ratio at baseline and M protein level less 
than 0.5 g/dL) at 1 to 2 years following diagnosis ; with either risk factor abnormal 
(intermediate risk); and with both an abnormal FLC ratio and M protein level of 0.5 g/dL 
or higher (high risk). The corresponding progression rates at 5 years were significantly 
different in the low, intermediate, and high groups: 13%, 26%, and 62%, respectively 
(Dingli et al., 1979–1983).  

2.2.4 Imaging studies in diagnosis of solitary plasmocytoma 

The purposes of imaging in the diagnosis and management of plasmacytoma includes:  

 detection of extramedullary or/and intramedullary foci of the disease;  
 exclusion of additional lesions and bone marrow involvement; 
 evaluation of risk of pathological fractures;  
 guiding needle biopsy;  
 planning radiotherapy and surgery. 

Although definitive radiotherapy usually eradicates the local disease, the majority of 
patients will develop multiple myeloma because of the growth of previously occult lesions 
which have not been detected by conventional radiography. So that, diagnosis of solitary 
plasmacytoma needs accurate exclusion of additional bone or soft-tissue foci and bone 
marrow involvement. 

X-ray examination. Osteolytic lesions are generally diagnosed by radiographic analysis. 
Plain radiography is everywhere available and allows to visualize large areas of the 
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skeleton. In case of solitary plasmacytoma detection, standard radiography examination, as 
for multiple myeloma staging, should be performed. The skeletal survey should include a 
posteroanterior view of the chest, antero-posterior and lateral views of the cervical spine, 
thoracic spine, lumbar spine, humeri and femora, antero-posterior and lateral views of the 
skull and antero-posterior view of the pelvis. (Grade C recommendation; level IV evidence, 
Guidelines for the use of imaging in the management of myeloma. British Society for 
Haematology, 2007). 

The weakness of radiographic detection is in relatively low sensitivity: it may reveal lytic 
disease only when over 30% of the trabecular bone has been lost (Snapper & Khan, 1971),  
so, 10-20% of lesions are missed. Certain parts of the skeleton are difficult to assess 
accurately, such as the sternum, ribs and scapulae. In addition, this technique also provides 
an inadequate assessment of generalised osteopenia (Scane et al, 1994).  

Due to the limitations of standard radiographic analysis, magnetic resonance imaging (MRI) 
and/or computed tomography (CT) have been used for early detection of myeloma-
associated bone destruction.  

Magnetic resonance imaging. MRI is the preferred imaging modality for the initial 
assessment and for the follow-up of the osseous and extraosseous extent of SPB.  

MRI of the thoracic and lumbosacral spine in the diagnosis of SBP was prospectively 
evaluated by several studies (Moulopoulos et al, 1993, 1997, 2005). It was shown, that MRI of 
thoraco-lumbar spine can reveal additional abnormalities more accurate than standard X-
rays. After standard local radiotherapy of SBP, patients with additional lesions by 
pretreatment spinal MRI show earlier progression to systemic disease than those with a 
negative MR imaging survey at diagnosis. 

Typical focus of plasma cell infiltration have a low signal intensity on T1-weighted images 
and a high signal intensity on T2-weighted and STIR (short time inversion recovery) images 
(Libshitz et al, 1992) and generally show enhancement on gadolinium-enhanced images. 
Bone marrow involvement has no specificity of the findings by MRI. The next findings can 
exist: focal or diffuse changes, variations of the norm; also images of BM can reflect an 
alternative pathological or physiological process such as iron loading (Isoda et al, 2001), 
amyloid deposition (Baur et al, 1998) or reactive marrow hyperplasia. 

Thus, most investigators agree that a negative MRI of the thoraco-lumbar spine is a 
prerequisite for the diagnosis of SBP. MRI should be part of the staging procedures in 
patients with SBP, to better assess both the extent of the local tumor and the revealing of 
occult lesions elsewhere.  

Recommendations for MRI in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma ( British Society for 
Haematology, 2007)  

 Urgent MR imaging is the diagnostic procedure of choice to assess suspected cord 
compression in myeloma patients even in the absence of vertebral collapse (Grade B 
recommendation; level IIB evidence). 

 MR imaging of the whole spine should be performed in addition to the skeletal survey 
as part of staging in all patients with an apparently solitary plasmacytoma of bone 
irrespective of site of index lesion (Grade B recommendation; level IIB evidence). 
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 MR imaging should be used to clarify the significance of ambiguous CT findings, as 
these two imaging techniques can give complementary information (Grade C 
recommendation; level IV evidence).  

The new diagnostic criteria recommend MRI scanning to include the pelvis. Whole body 
MR imaging is emerging but currently impractical because of the logistics of long imaging 
time. (Guidelines on the diagnosis and management of solitary plasmacytoma of bone and 
solitary extramedullary plasmacytoma, United Kingdom Myeloma Forum,2009) 

Computed tomography. Computed tomography provides an advantage in selected 
situations. Owing to the high levels of radiation exposure, CT cannot be used for screening 
purposes. Conventional CT has higher sensitivity than plain radiographs for detecting small 
lytic lesions; it can provide a high predictive value in the clarification of suspicious areas on 
plain films, and areas, difficult for visualization, such as ribs, sternum and scapulae.  

CT should be considered in patients who remain symptomatic despite having no evidence 
of osteolysis on the skeletal survey. 

Urgent CT may be used to establish the presence of suspected cord compression in cases 
where MR imaging is unavailable.  

CT can accuratly depict the extent of associated soft tissue masses and can direct needle 
biopsy for histological diagnosis (Kyle, 1985) and forms the basis for radiotherapy and 
surgery. 

Recommendations for CT in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma ( British Society for 
Haematology, 2007)  

 Urgent CT may be used to establish the presence of suspected cord compression in 
cases where MR imaging is unavailable, impossible due to patient intolerance or 
contraindicated e.g. intraorbital metallic foreign bodies or cardiac pacemakers (Grade B 
recommendation; level III evidence). 

 CT of the spine may be considered to clarify the presence or absence of bone 
destruction in cases of clinical concern where MR is negative (Grade B 
recommendation; level III evidence). 

 CT should be used to clarify the significance of ambiguous plain radiographic findings, 
such as equivocal lytic lesions, especially in parts of the skeleton that are difficult to 
visualise on plain radiographs, such as ribs, sternum and scapulae(Grade B 
recommendation; level III evidence). 

 CT may identify lesions that are negative on plain radiography, and should be 
considered in patients who remain symptomatic despite having no evidence of 
osteolysis on the skeletal survey (Grade B recommendation; level III evidence). 

 CT is indicated to delineate the nature and extent of soft tissue disease, and where 
appropriate, tissue biopsy may be guided by CT scanning (Grade B recommendation; 
level IIB evidence). 

Positron-emission tomography. PET/CT studies are more sensitive than other imaging 
modalities for localizing extramedullary sites of the disease. At the present time, it is fair to 
conclude that clinical experience of PET imaging in patients with plasma cell dyscrasias is in 
evolution. 
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skeleton. In case of solitary plasmacytoma detection, standard radiography examination, as 
for multiple myeloma staging, should be performed. The skeletal survey should include a 
posteroanterior view of the chest, antero-posterior and lateral views of the cervical spine, 
thoracic spine, lumbar spine, humeri and femora, antero-posterior and lateral views of the 
skull and antero-posterior view of the pelvis. (Grade C recommendation; level IV evidence, 
Guidelines for the use of imaging in the management of myeloma. British Society for 
Haematology, 2007). 

The weakness of radiographic detection is in relatively low sensitivity: it may reveal lytic 
disease only when over 30% of the trabecular bone has been lost (Snapper & Khan, 1971),  
so, 10-20% of lesions are missed. Certain parts of the skeleton are difficult to assess 
accurately, such as the sternum, ribs and scapulae. In addition, this technique also provides 
an inadequate assessment of generalised osteopenia (Scane et al, 1994).  

Due to the limitations of standard radiographic analysis, magnetic resonance imaging (MRI) 
and/or computed tomography (CT) have been used for early detection of myeloma-
associated bone destruction.  

Magnetic resonance imaging. MRI is the preferred imaging modality for the initial 
assessment and for the follow-up of the osseous and extraosseous extent of SPB.  

MRI of the thoracic and lumbosacral spine in the diagnosis of SBP was prospectively 
evaluated by several studies (Moulopoulos et al, 1993, 1997, 2005). It was shown, that MRI of 
thoraco-lumbar spine can reveal additional abnormalities more accurate than standard X-
rays. After standard local radiotherapy of SBP, patients with additional lesions by 
pretreatment spinal MRI show earlier progression to systemic disease than those with a 
negative MR imaging survey at diagnosis. 

Typical focus of plasma cell infiltration have a low signal intensity on T1-weighted images 
and a high signal intensity on T2-weighted and STIR (short time inversion recovery) images 
(Libshitz et al, 1992) and generally show enhancement on gadolinium-enhanced images. 
Bone marrow involvement has no specificity of the findings by MRI. The next findings can 
exist: focal or diffuse changes, variations of the norm; also images of BM can reflect an 
alternative pathological or physiological process such as iron loading (Isoda et al, 2001), 
amyloid deposition (Baur et al, 1998) or reactive marrow hyperplasia. 

Thus, most investigators agree that a negative MRI of the thoraco-lumbar spine is a 
prerequisite for the diagnosis of SBP. MRI should be part of the staging procedures in 
patients with SBP, to better assess both the extent of the local tumor and the revealing of 
occult lesions elsewhere.  

Recommendations for MRI in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma ( British Society for 
Haematology, 2007)  

 Urgent MR imaging is the diagnostic procedure of choice to assess suspected cord 
compression in myeloma patients even in the absence of vertebral collapse (Grade B 
recommendation; level IIB evidence). 

 MR imaging of the whole spine should be performed in addition to the skeletal survey 
as part of staging in all patients with an apparently solitary plasmacytoma of bone 
irrespective of site of index lesion (Grade B recommendation; level IIB evidence). 

 
Solitary Bone and Extramedullary Plasmacytoma 

 

191 

 MR imaging should be used to clarify the significance of ambiguous CT findings, as 
these two imaging techniques can give complementary information (Grade C 
recommendation; level IV evidence).  

The new diagnostic criteria recommend MRI scanning to include the pelvis. Whole body 
MR imaging is emerging but currently impractical because of the logistics of long imaging 
time. (Guidelines on the diagnosis and management of solitary plasmacytoma of bone and 
solitary extramedullary plasmacytoma, United Kingdom Myeloma Forum,2009) 

Computed tomography. Computed tomography provides an advantage in selected 
situations. Owing to the high levels of radiation exposure, CT cannot be used for screening 
purposes. Conventional CT has higher sensitivity than plain radiographs for detecting small 
lytic lesions; it can provide a high predictive value in the clarification of suspicious areas on 
plain films, and areas, difficult for visualization, such as ribs, sternum and scapulae.  

CT should be considered in patients who remain symptomatic despite having no evidence 
of osteolysis on the skeletal survey. 

Urgent CT may be used to establish the presence of suspected cord compression in cases 
where MR imaging is unavailable.  

CT can accuratly depict the extent of associated soft tissue masses and can direct needle 
biopsy for histological diagnosis (Kyle, 1985) and forms the basis for radiotherapy and 
surgery. 

Recommendations for CT in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma ( British Society for 
Haematology, 2007)  

 Urgent CT may be used to establish the presence of suspected cord compression in 
cases where MR imaging is unavailable, impossible due to patient intolerance or 
contraindicated e.g. intraorbital metallic foreign bodies or cardiac pacemakers (Grade B 
recommendation; level III evidence). 

 CT of the spine may be considered to clarify the presence or absence of bone 
destruction in cases of clinical concern where MR is negative (Grade B 
recommendation; level III evidence). 

 CT should be used to clarify the significance of ambiguous plain radiographic findings, 
such as equivocal lytic lesions, especially in parts of the skeleton that are difficult to 
visualise on plain radiographs, such as ribs, sternum and scapulae(Grade B 
recommendation; level III evidence). 

 CT may identify lesions that are negative on plain radiography, and should be 
considered in patients who remain symptomatic despite having no evidence of 
osteolysis on the skeletal survey (Grade B recommendation; level III evidence). 

 CT is indicated to delineate the nature and extent of soft tissue disease, and where 
appropriate, tissue biopsy may be guided by CT scanning (Grade B recommendation; 
level IIB evidence). 

Positron-emission tomography. PET/CT studies are more sensitive than other imaging 
modalities for localizing extramedullary sites of the disease. At the present time, it is fair to 
conclude that clinical experience of PET imaging in patients with plasma cell dyscrasias is in 
evolution. 
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Recommendations for PET in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma (British Society for 
Haematology, 2007)  

 Based on currently available evidence, PET imaging cannot be recommended for 
routine use in the management of myeloma patients. 

 Either technique may be useful in selected cases that warrant clarification of previous 
imaging findings, but such an approach should ideally be made within the context of a 
clinical trial (Grade C recommendation; level IV evidence). 

 The evidence for the sensitivity of PET scanning is most convincing in the setting of 
extramedullary disease. It is therefore reasonable to consider PET scanning in this 
setting, to clarify the extent of extramedullary disease, in cases where other imaging 
techniques have failed to clarify the situation (Grade B recommendation; level III 
evidence). 

 If the decision to perform PET scanning has been taken, it is advisable to avoid 
undertaking the procedure within 4 weeks of chemotherapy or 3 months of 
radiotherapy (Grade B recommendation; level III evidence). 

However, PET/CT has been included as an option in the diagnosis and monitoring of 
myeloma patients within NCCN guidelines (NCCN, 2011) 

Whole-body F-18 FDG PET has the potential to detect the early phase of bone marrow 
involvement in patients with EMP and unsuspected sites of bone involvement in patients 
with SBP (Kato et al, 2000; Schirrmeister et al, 2002), upstaging the extent of the disease and 
significantly affect the therapeutic decisions. According to Schirrmeister et al ., 60% of 
patients with known focal osteolytic lesions on plain radiography were upstaged as a result 
of PET imaging (Schirrmeister et al., 2002).  

PET demonstrated a 93% sensitivity for focal lesions and a 84–92% sensitivity for diffuse 
lesions; the specificity ranged from 83–100% in patients with diffuse FDG uptake 
(Schirrmeister et al , 2002). False positive PET scans may arise from inflammatory changes 
due to chemotherapy within the previous 4 weeks or radiotherapy within the previous 2–3 
months (Juweid & Cheson, 2006); also due to active infection (Mahfouz et al, 2005). 

2.3 Treatment of solitary bone plasmacytoma 

Radical radiotherapy remains the treatment of choice for SBP. Knobel et al confirmed 
excellent local disease control with radiotherapy alone in their review of 206 patients with 
SBP. (Knobel et al) Local relapse occurred in 21(14%) out of 148 patients who received 
radiotherapy alone compared with 4(80%) out of 5 patients who were treated with surgery 
+/- chemotherapy. Surgery (radiotherapy versus partial or complete resection and 
radiotherapy) did not influence the 10-year probability of local control. Median dose was 
40Gy. No dose response relationship was observed for doses higher than 30Gy regardless of 
tumour size, however this was a retrospective analysis. Previous studies and BCSH 
recommend radical radiotherapy for SBP encompassing the tumor volume shown on MRI 
with a margin of at least 2 cm and treating to a dose of 40Gy in 20 fractions with a higher 
dose of 50Gy in 25 fractions being considered for SBP>5cm. Surgery is not indicated for SBP, 
but some patients may require decompressive laminectomy, spine fusion or intramedullary 
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rod fixation of a long bone (United Kingdom Myeloma Forum. Guidelines on the diagnosis 
and management of solitary plasmacytoma of bone, extramedullary plasmacytoma and 
multiple solitary plasmacytomas: 2009 update). 

Bisphosphonates are not recommended for the patients with SBP, except in setting of 
underlying osteopenia (ASCO's Guideline on Bisphosphonates for Multiple Myeloma, 2009). 

2.4 Natural history and prognosis 

The majority of patients with apparent SBP continue to develop myeloma and 
approximately 5% of all patients with multiple myeloma have an initial diagnosis of solitary 
plasmacytoma (Bolek et al. 1996). 

The rare cancer network published data on 206 patients with SBP, the largest series to date, 
in 2006 (Knobel, 2006). Despite treatment, 104 of 206 (50.4%) patients developed myeloma 
with a median time to development of 21 months (range, 2-135 months). 5 and 10 year 
projected probabilities of developing myeloma were 51% (95% CI, 43-59%) and 72% (95% CI, 
62-82%). Age>60 years was the only independent predictor of development of myeloma in 
this study. Prognostic value of the persistence of a monoclonal band after treatment could 
not be assessed due to lack of data. Multivariate analysis of prognostic factors in a series of 
60 patients from the MD Anderson Hospital concluded that persistence of a monoclonal 
band for more than one year after radiotherapy was an adverse prognostic factor (Wilder 
R.B, 2002). Dengli et al. retrospectively analysed stored serum of 116 patients taken at time 
of diagnosis of SBP between 1960 and 1995. An abnormal SFLC ratio was found in 54 (47%) 
patients and was associated with a higher risk of progression to myeloma (p=0.039) and an 
adverse overall survival (p=0.033) (Dingli D.,2006). Combining the results of the SFLC ratio 
at diagnosis with the serum monoclonal protein levels 1-2 years after diagnosis the 
researchers constructed a risk stratification model (Table 3). Additionally, plasma cells with 
neoplastic phenotype demonstrable by flow cytometry at bone marrow sites distant to 
solitary plasmacytoma would also appear to predict for progression to myeloma (Hilli 
Q.A.,2007). Genetic factors that have prognostic significance in myeloma such as del 13q and 
t(4;14) have, as yet, no proven value in solitary lesions. 

Variables Risk group 5 year progression rate 
Normal SFLC ratio 
Monoclonal protein  
< 5 g/l 

Low 13% 

Either variable abnormal Intermediate 26% 
Abnormal SFLC ratio 
Monoclonal protein  
 >5 g/l 

High 62% 

Table 3. Risk stratification model for SBP progression to myeloma using SFLC and 
monoclonal protein level (Dingli D.,2006).  

The prognosis after progression to multiple myeloma is also poorer for osseous 
plasmacytoma than for extra-medullary plasmacytoma as evidenced by multiple 
retrospective studies. These differences suggest a difference in the biological behavior of the 
two types of tumor, which is further augmented by immunohistochemical staining and flow 
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Recommendations for PET in diagnosis of myeloma and plasmocytoma according to 
quidelines for the use of imaging in the management of myeloma (British Society for 
Haematology, 2007)  

 Based on currently available evidence, PET imaging cannot be recommended for 
routine use in the management of myeloma patients. 

 Either technique may be useful in selected cases that warrant clarification of previous 
imaging findings, but such an approach should ideally be made within the context of a 
clinical trial (Grade C recommendation; level IV evidence). 

 The evidence for the sensitivity of PET scanning is most convincing in the setting of 
extramedullary disease. It is therefore reasonable to consider PET scanning in this 
setting, to clarify the extent of extramedullary disease, in cases where other imaging 
techniques have failed to clarify the situation (Grade B recommendation; level III 
evidence). 

 If the decision to perform PET scanning has been taken, it is advisable to avoid 
undertaking the procedure within 4 weeks of chemotherapy or 3 months of 
radiotherapy (Grade B recommendation; level III evidence). 

However, PET/CT has been included as an option in the diagnosis and monitoring of 
myeloma patients within NCCN guidelines (NCCN, 2011) 

Whole-body F-18 FDG PET has the potential to detect the early phase of bone marrow 
involvement in patients with EMP and unsuspected sites of bone involvement in patients 
with SBP (Kato et al, 2000; Schirrmeister et al, 2002), upstaging the extent of the disease and 
significantly affect the therapeutic decisions. According to Schirrmeister et al ., 60% of 
patients with known focal osteolytic lesions on plain radiography were upstaged as a result 
of PET imaging (Schirrmeister et al., 2002).  

PET demonstrated a 93% sensitivity for focal lesions and a 84–92% sensitivity for diffuse 
lesions; the specificity ranged from 83–100% in patients with diffuse FDG uptake 
(Schirrmeister et al , 2002). False positive PET scans may arise from inflammatory changes 
due to chemotherapy within the previous 4 weeks or radiotherapy within the previous 2–3 
months (Juweid & Cheson, 2006); also due to active infection (Mahfouz et al, 2005). 

2.3 Treatment of solitary bone plasmacytoma 

Radical radiotherapy remains the treatment of choice for SBP. Knobel et al confirmed 
excellent local disease control with radiotherapy alone in their review of 206 patients with 
SBP. (Knobel et al) Local relapse occurred in 21(14%) out of 148 patients who received 
radiotherapy alone compared with 4(80%) out of 5 patients who were treated with surgery 
+/- chemotherapy. Surgery (radiotherapy versus partial or complete resection and 
radiotherapy) did not influence the 10-year probability of local control. Median dose was 
40Gy. No dose response relationship was observed for doses higher than 30Gy regardless of 
tumour size, however this was a retrospective analysis. Previous studies and BCSH 
recommend radical radiotherapy for SBP encompassing the tumor volume shown on MRI 
with a margin of at least 2 cm and treating to a dose of 40Gy in 20 fractions with a higher 
dose of 50Gy in 25 fractions being considered for SBP>5cm. Surgery is not indicated for SBP, 
but some patients may require decompressive laminectomy, spine fusion or intramedullary 
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rod fixation of a long bone (United Kingdom Myeloma Forum. Guidelines on the diagnosis 
and management of solitary plasmacytoma of bone, extramedullary plasmacytoma and 
multiple solitary plasmacytomas: 2009 update). 

Bisphosphonates are not recommended for the patients with SBP, except in setting of 
underlying osteopenia (ASCO's Guideline on Bisphosphonates for Multiple Myeloma, 2009). 

2.4 Natural history and prognosis 

The majority of patients with apparent SBP continue to develop myeloma and 
approximately 5% of all patients with multiple myeloma have an initial diagnosis of solitary 
plasmacytoma (Bolek et al. 1996). 

The rare cancer network published data on 206 patients with SBP, the largest series to date, 
in 2006 (Knobel, 2006). Despite treatment, 104 of 206 (50.4%) patients developed myeloma 
with a median time to development of 21 months (range, 2-135 months). 5 and 10 year 
projected probabilities of developing myeloma were 51% (95% CI, 43-59%) and 72% (95% CI, 
62-82%). Age>60 years was the only independent predictor of development of myeloma in 
this study. Prognostic value of the persistence of a monoclonal band after treatment could 
not be assessed due to lack of data. Multivariate analysis of prognostic factors in a series of 
60 patients from the MD Anderson Hospital concluded that persistence of a monoclonal 
band for more than one year after radiotherapy was an adverse prognostic factor (Wilder 
R.B, 2002). Dengli et al. retrospectively analysed stored serum of 116 patients taken at time 
of diagnosis of SBP between 1960 and 1995. An abnormal SFLC ratio was found in 54 (47%) 
patients and was associated with a higher risk of progression to myeloma (p=0.039) and an 
adverse overall survival (p=0.033) (Dingli D.,2006). Combining the results of the SFLC ratio 
at diagnosis with the serum monoclonal protein levels 1-2 years after diagnosis the 
researchers constructed a risk stratification model (Table 3). Additionally, plasma cells with 
neoplastic phenotype demonstrable by flow cytometry at bone marrow sites distant to 
solitary plasmacytoma would also appear to predict for progression to myeloma (Hilli 
Q.A.,2007). Genetic factors that have prognostic significance in myeloma such as del 13q and 
t(4;14) have, as yet, no proven value in solitary lesions. 

Variables Risk group 5 year progression rate 
Normal SFLC ratio 
Monoclonal protein  
< 5 g/l 

Low 13% 

Either variable abnormal Intermediate 26% 
Abnormal SFLC ratio 
Monoclonal protein  
 >5 g/l 

High 62% 

Table 3. Risk stratification model for SBP progression to myeloma using SFLC and 
monoclonal protein level (Dingli D.,2006).  

The prognosis after progression to multiple myeloma is also poorer for osseous 
plasmacytoma than for extra-medullary plasmacytoma as evidenced by multiple 
retrospective studies. These differences suggest a difference in the biological behavior of the 
two types of tumor, which is further augmented by immunohistochemical staining and flow 
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cytometry analysis. The biological differences found in such studies include higher 
population of aneuploid cells, proliferating cell-nuclear antigen index, and S-phase fraction 
(Knowling et al.,1983; Bataille et al.,1981; Frassica et al., 1989). 

3. Solitary extramedullary plasmacytoma 
3.1 Epidemiology and clinically-laboratory features  

Solitary extramedullary (soft tissue) plasmacytomas (EMP, SEP) are less common than SBP 
but carry a better prognosis as the majority can be cured by local radiotherapy (Dimopoulos 
et al., 1999). Although SEP can arise throughout the body almost 90% arise in the head and 
neck, especially in the upper respiratory tract including the nasal cavity, sinuses, 
oropharynx, salivary glands and larynx (Brinch et al, 1990; Wax et al,1993; Susnerwala et al, 
1997; Liebross et al, 1999; Galieni et al,2000). The next most frequent site is the gastro-
intestinal tract. Approximately 10% of extramedullary plasmacytomas occur in the 
gastrointestinal tract (Nolan et al., 2005); there are also reports about pancreatic an liver 
involvment (Manmeet et al.,2010).  

A variety of other sites can rarely be involved, including testis, bladder, urethra, breast, 
ovary, lung, pleura, thyroid, orbit, brain, skin, adrenal glands, retroperitoneum, central 
nervous system, spleen and the lymph nodes (Cavanna et al, 1990; Rubin et al, 1990; 
Matsumiyama et al, 1992; Nonamura et al, 1992; Wong et al, 1994; Adkins et al, 1996; Fischer 
et al, 1996; Tuting & Bork, 1996; Emery et al, 1999; Muscardin et al, 2000; di Chiara et al, 
2001; Ahmed M et al., 2009; Kahara et al., 2001; Pantelidou et al., 2005). 

A monoclonal paraprotein is detected in the serum and/or urine in fewer than 25% of 
patients (Table 1). Local recurrence rates of <5% have been quoted after radiotherapy 
(Liebross et al, 1999). The risk of distant relapse appears to be <30%, i.e. significantly less 
than with SBP (Mayr et al,1990). At least two-thirds of patients survive for >10 years (Brinch 
et al, 1990; Galieni et al,2000). 

3.1.1 Extramedullary plasmacytoma of the head and neck region 

The head and neck region is the most common site for arising of EMP. About 80% of EMPs 
occur in the submucosa of the upper aerodigestive tract (Zheng, 2005). The most common 
site is the sinonasal region. Korolkowa et al. reported that 40% occur in the nasal cavity and 
paranasal sinus, 20% in the nasopharynx and 18% in the oropharynx (Korolkowa et al., 
2004). Other sites are nasopharynx, salivary glands, thyroid glands, tonsils, cervical 
lynphnodes and larynx. Involvement of neighboring regions such as orbit, palate, skin or 
scull base can also occur. 

The patients mainly manifested as local masses and relevant symptoms; by spreading of the 
tumor, adjacent bone erosions may occur.  

The symptoms are non-specific and depends on site and spread of the tumor. The most 
common findings are swelling, airway obstructions; in case of sinonasal region it could be 
nasal obstruction (often, unilateral), nasal discharge, recurrent epistaxis and facial pain.  

Also such symptoms as a sore throat and dysphonia to haemoptoea can be found 
(Straetmans et al., 2008), more rarely cranial nerve palsy and neck lymphadenopathy. 
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Clinical manifestations of plasmacytoma of the oral cavity consist of jaw pain, tooth pain, 
paresthesia, swelling, exophytic soft tissue growth, mobility of teeth, migration of teeth, 
hemorrhage, burning mouth syndrome and pathologic fracture of the involved bone (Feller 
et al., 2006). Solitary plasmacytoma affecting the mouth and the jaws are uncommon. The 
mandible is more frequently involved than the maxilla and the bony lesions of both have a 
predilection for the posterior areas of the jaws. (Feller et al., 2006). 

3.1.2 Plasmacytoma of the gastrointestinal tract 

Primary plasmacytoma of the gastrointestinal tract is a rare entity (approximately 10%).  

All the segments of the gastro-intestinal tract may be involved with the small intestine being 
the most common followed by stomach, colon and esophagus. (Krishnamoorthy et al., 2010) 

Symptoms are nonspecific, including anorexia, weight loss, epigastric discomfort or 
gastrointestinal bleeding (Krishnamoorthy et al., 2010); dyspepsia, vomiting and dysphagia 
for solids in case of esophagus affection (Chetty et al., 2003). 

 Symptoms of intestinal involvement may include abdominal pain, intestinal obstruction, 
diarrhea or perforated peritonitis. Jaundice due to extrahepatic biliary obstruction by 
gastroduodenal plasmacytoma is described. (Unverdi et al., 2010) 

On endoscopy, gastrointestinal plasmacytoma commonly present as nodular mass; other 
findings are ulcerated mass or diffusely thickened mucosal fold (Krishnamoorthy et al., 
2010). 

Most common findings on barium enema examination include polypoid mass or 
constricting lesion with or without mucosal or submucosal infiltration. Other less common 
findings include superficial ulcers, polyps (single or multiple) or intussusception (Gupta et 
al., 2007). 

In several cases, local amyloidosis associated with plasmacytoma of GIT is described. 
(Carneiro et al., 2009; Nicholl et al., 1991) 

3.1.3 Cutaneous plasmacytoma 

Extramedullary plasmacytomas of the skin are extremely rare and they can be divided into 
primary cutaneous plasmacytoma (PCP) and metastatic cutaneous plasmacytoma (MCP). 
While in multiple myeloma cutaneous plasmacytoma represents 5-10% of cases, PCP is 
extremely rare variant of plasma cell disorder (Corazza et al.,2002). 

Primary cutaneous plasmacytoma is defined as monoclonal proliferation of plasma-cells 
that arises primarily in the skin without evidence of systemic disease. In contrast, MCP 
arises from lymphatic or vascular spread of tumour or, more frequently, by direct extension 
from underlying bone lesions. However, it can also be seen distinct from a bony focus and 
even as the initial manifestation of the disease with or without evidence of coexisting MM.  

Any area of the skin can be involved, but it has been reported most frequently on the trunk 
and abdomen followed by face, scalp, neck and extremities. Unusual localizations have been 
described related to MCP, including scrotum, eyelid, tongue and perianal region. (Alvarez-
Twose et al., 2008)  
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cytometry analysis. The biological differences found in such studies include higher 
population of aneuploid cells, proliferating cell-nuclear antigen index, and S-phase fraction 
(Knowling et al.,1983; Bataille et al.,1981; Frassica et al., 1989). 

3. Solitary extramedullary plasmacytoma 
3.1 Epidemiology and clinically-laboratory features  

Solitary extramedullary (soft tissue) plasmacytomas (EMP, SEP) are less common than SBP 
but carry a better prognosis as the majority can be cured by local radiotherapy (Dimopoulos 
et al., 1999). Although SEP can arise throughout the body almost 90% arise in the head and 
neck, especially in the upper respiratory tract including the nasal cavity, sinuses, 
oropharynx, salivary glands and larynx (Brinch et al, 1990; Wax et al,1993; Susnerwala et al, 
1997; Liebross et al, 1999; Galieni et al,2000). The next most frequent site is the gastro-
intestinal tract. Approximately 10% of extramedullary plasmacytomas occur in the 
gastrointestinal tract (Nolan et al., 2005); there are also reports about pancreatic an liver 
involvment (Manmeet et al.,2010).  

A variety of other sites can rarely be involved, including testis, bladder, urethra, breast, 
ovary, lung, pleura, thyroid, orbit, brain, skin, adrenal glands, retroperitoneum, central 
nervous system, spleen and the lymph nodes (Cavanna et al, 1990; Rubin et al, 1990; 
Matsumiyama et al, 1992; Nonamura et al, 1992; Wong et al, 1994; Adkins et al, 1996; Fischer 
et al, 1996; Tuting & Bork, 1996; Emery et al, 1999; Muscardin et al, 2000; di Chiara et al, 
2001; Ahmed M et al., 2009; Kahara et al., 2001; Pantelidou et al., 2005). 

A monoclonal paraprotein is detected in the serum and/or urine in fewer than 25% of 
patients (Table 1). Local recurrence rates of <5% have been quoted after radiotherapy 
(Liebross et al, 1999). The risk of distant relapse appears to be <30%, i.e. significantly less 
than with SBP (Mayr et al,1990). At least two-thirds of patients survive for >10 years (Brinch 
et al, 1990; Galieni et al,2000). 

3.1.1 Extramedullary plasmacytoma of the head and neck region 

The head and neck region is the most common site for arising of EMP. About 80% of EMPs 
occur in the submucosa of the upper aerodigestive tract (Zheng, 2005). The most common 
site is the sinonasal region. Korolkowa et al. reported that 40% occur in the nasal cavity and 
paranasal sinus, 20% in the nasopharynx and 18% in the oropharynx (Korolkowa et al., 
2004). Other sites are nasopharynx, salivary glands, thyroid glands, tonsils, cervical 
lynphnodes and larynx. Involvement of neighboring regions such as orbit, palate, skin or 
scull base can also occur. 

The patients mainly manifested as local masses and relevant symptoms; by spreading of the 
tumor, adjacent bone erosions may occur.  

The symptoms are non-specific and depends on site and spread of the tumor. The most 
common findings are swelling, airway obstructions; in case of sinonasal region it could be 
nasal obstruction (often, unilateral), nasal discharge, recurrent epistaxis and facial pain.  

Also such symptoms as a sore throat and dysphonia to haemoptoea can be found 
(Straetmans et al., 2008), more rarely cranial nerve palsy and neck lymphadenopathy. 
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Clinical manifestations of plasmacytoma of the oral cavity consist of jaw pain, tooth pain, 
paresthesia, swelling, exophytic soft tissue growth, mobility of teeth, migration of teeth, 
hemorrhage, burning mouth syndrome and pathologic fracture of the involved bone (Feller 
et al., 2006). Solitary plasmacytoma affecting the mouth and the jaws are uncommon. The 
mandible is more frequently involved than the maxilla and the bony lesions of both have a 
predilection for the posterior areas of the jaws. (Feller et al., 2006). 

3.1.2 Plasmacytoma of the gastrointestinal tract 

Primary plasmacytoma of the gastrointestinal tract is a rare entity (approximately 10%).  

All the segments of the gastro-intestinal tract may be involved with the small intestine being 
the most common followed by stomach, colon and esophagus. (Krishnamoorthy et al., 2010) 

Symptoms are nonspecific, including anorexia, weight loss, epigastric discomfort or 
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Morphologically, cutaneous plasmacytomas usually consist of erythematous nodules that 
may ulcerate or plaques dome-shaped and smooth-surfaced ranging from 1 to 5cm in 
diameter. Histopathology reveals the typical pattern represented by a dense monomorphic 
dermal plasmacytic infiltrate which is usually separated from the overlying epidermis by a 
border line. Immunohistochemical staining shows the typical monoclonality of the 
neoplastic cells. Plasmacytoma must also be differentiated from plasma cell infiltrates 
accompanying other tumors or from reactive granulomas (Corazza et al.,2002). 

Cutaneous plasmacytomas should be considered a sign of poor prognosis in plasma cell 
disorders because they generally occur late in the course of the disease. In case of multiple 
myeloma, cutaneous metastasis in usually indicates aggressive behavior and short survival 
(Pereira et al., 2008). 

3.2 Diagnosis and investigation of SEP 

3.2.1 Diagnostic criteria  

 Single extramedullary mass of clonal plasma cells 
 Histologically normal marrow aspirate and trephine 
 Normal results on skeletal survey, including radiology of long bones 
 No anaemia, hypercalcaemia or renal impairment due to plasma cell dyscrasia 
 Absent or low serum or urinary level of monoclonal immunoglobulin 

(United Kingdom Myeloma Forum. Guidelines on the diagnosis and management of 
solitary plasmacytoma of bone, extramedullary plasmacytoma and multiple solitary 
plasmacytomas: 2009 update) 

3.2.2 Laboratory 

Less than one-quarter of patients have evidence of a low level of monoclonal protein in 
serum or urine by electrophoresis and/or immunofixation, and (similar to experience 

with SBP) are require normal levels of uninvolved immunoglobulins to confirm the absence 
of occult disease elsewhere (Liebross et al., 1999). The free light chain assays should also 
prove useful in monitoring such patients, particularly those classified with non-secretory 
features. In addition, patients should have no sign of underlying myeloma by bone survey 
and chemistries should reveal no abnormalities attributable to plasma cell dyscrasia (Weber 
et al., 2005). 

Extramedullary plasmacytoma are characterized by a ‘myeloma-like’ immunophenotype 
(Boll et al., 2010). It was demonstrated that the infiltrate consists entirely of plasma cells and 
that there is no B cell component. In this regard CD138, MUM1/IRF4, CD20 and PAX5 are 
the most useful markers although it should be recognised that CD20 and PAX5 are 
sometimes expressed in plasma cell malignancies. Monoclonality and /or an aberrant 
plasma cell phenotype should be demonstrated with useful markers being CD19, CD56, 
CD27, CD117 and cyclin D1 (Rawstrom A.C.,2008; Stephens E.A., 2005). 

EMP may express B-cell markers, such as CD79a and CD20, and MM may express germinal 
centre B-cell (GCBC)-associated microRNAs, such as miR-93 and miR-181b. The presence of 
CD19 and lack of miR-223 suggested aberrant B-cell differentiation in CD19(+) /miR-223(-) 
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phenotype could be used to distinguish EMP from the CD19(-) /miR-223(+) phenotype of 
MM (Yu et al., 2011). Immunocytochemistry demonstrated monoclonal expression of light 
immunoglobulin chains in all cases which, together with demonstration of CD 38 positivity 
(Tani et al., 1999). 

Extramedullary plasmacytoma showed absence of cyclin D1 and infrequent expression of 
CD56. Furthermore, extramedullary plasmacytomas were characterized by weaker staining 
for Bcl-2 protein and rare overexpression of p21 and p53. In comparison to extramedullary 
multiple myeloma, extramedullary plasmacytoma showed a more mature morphology and 
lower proliferation indices. There was no association between the phenotypic parameters 
investigated and clinical outcome in extramedullary plasmacytoma (Kremer et al., 2005). 

Some non-Hodgkin lymphomas show marked plasmacytic differentiation. In such cases, it 
may be difficult to differentiate these lymphomas from plasmacytoma or myeloma, 
especially with limited diagnostic material. However, there may be immunophenotypic 
differences in the plasma cells in these disorders that distinguish them. The analysis of the 
immunophenotypes of neoplastic plasma cells in 41 cases of B-lineage non-Hodgkin 
lymphoma and compares them with those in plasma cell myeloma revealed that plasma 
cells in lymphoma were significantly more likely to express CD19, CD45, and surface 
immunoglobulin and less likely to express CD56 than those in myeloma (Seegmiller et al., 
2007). 

It was shown, that CD19 and CD56 expression can be used reliably to distinguish these 
entities. Some extramedullary plasmacytomas showed lymphoma-like phenotypes, 
suggesting that, in reality, they may represent non-Hodgkin lymphomas with extensive 
plasmacytic differentiation (Seegmiller et al., 2007). EMP must be distinguished from 
reactive plasmacytoma, plasma cell granuloma and lymphoma (MALT, marginal zone, and 
immunoblastic).  

Boll et al. detailed clinico-pathological assessment of a cohort of 26 patients with EMP. All 
cases were characterized by a monomorphic plasma cell infiltrate showing strong uniform 
expression of both CD138 and MUM1/IRF4. There was no obvious B-cell component 
identified either by morphology or immunohistochemistry. Two cases did express CD20 but 
they both lacked PAX5 expression. With respect to the antigens aberrantly expressed in 
myeloma plasma cells; CD56 and CD117 expression was documented in 58% (15/26) and 
29% (5/17) of cases respectively while loss of CD27 was documented in 63% (12/ 19). 
Aberrant expression of at least one of these antigens was demonstrable in 92% of assessable 
cases (22/24). Authors believe that this data along with other recently published studies 
strongly suggest that EMP should be considered part of the spectrum of plasma cell 
disorders rather than lymphoma (Boll et al., 2010).  

Staining with T-cell markers is unusual but reports of plasmacytomas staining with CD43 
and CD45RO do exist (Petruch et al., 1992). Rare cases are described, which were positive 
for myeloid markers such as CD13, CD33, CD38, and CD138 (Shin et al., 2001). Cytokeratin 
immunoreactivity in plasmacytomas is generally considered to be rare (Sewell et al., 1986) 

Bink et al. studied 38 cases of this type of neoplasm by fluorescence in situ hybridization. 
Fourteen cases (37%) contained IGH breaks, including six with a t(4;14) translocation. No 
translocations t(11;14), t(14;16), t(8;14), nor breaks involving MALT1, BCL6 or FOXP1 were 
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found. Loss of 13q (40%), as well as chromosomal gains (82%), were common. There was no 
correlation between chromosomal alterations and clinical features or local relapse. 
Cytogenetically, extramedullary plasmacytoma and multiple myeloma are closely related. 
However, the distribution of IGH translocation partners, with the notable absence of 
t(11;14), is different (Bink et al., 2008). 

Plasma cells have low proliferative activity, making cytogenetic studies inherently difficult 
to perform. However, numerical and structural chromosomal aberrations have been 
described in 20 to 60 percent of newly diagnosed multiple myeloma patients (Durie et al., 
1992). Complex karyotypes with multiple chromosomal gains and losses are the most 
frequent changes, but translocations, deletions, and mutations have all been reported. 
Monosomy or partial deletion of 13 (13q14) is the most common finding, occurring in 15 to 
40 percent cases. Deletion of 17p13, associated with allelic loss of p53, is reported in 25 
percent of cases, and may predict a poor outcome (Konigsberg et al., 2000). 

The most common structural abnormality is a t(11;14)(q13q32) translocation, resulting in 
over-expression of cyclin D1, occurring in 10 to 31 percent of cases (Menke et al., 2001;).  

 Aalto et al. demonstrated chromosome 13 loss in 8/9 EMP cases assessed by comparative 
genomic hybridization (Aalto et al., 1999). Similarly Bink et al found a high incidence of 13q 
loss (40%) and IGH rearrangements (37%) amongst 38 cases assessed by FISH based assays 
(Bink et al., 2008). They also demonstrated a relatively high incidence of the t(4;14)(p16;q32) 
but no cases with the t(11;14)(q13;q32) and high incidence of chromosome gains (82%) but 
no evidence of rearrangements of MALT1, BCL6 or FOXP1 (Bink et al, 2008). 

3.2.3 Imaging studies 

CT or MRI scanning is required to delineate the extent of the lesion but the role of MRI 
scanning of other areas in the staging of SEP has not been evaluated. There are different 
meanings. According to guidelines on the diagnosis and management of solitary 
plasmacytoma of bone and solitary extramedullary plasmacytoma (United Kingdom 
Myeloma Forum. Guidelines on the diagnosis and management of solitary plasmacytoma of 
bone, extramedullary plasmacytoma and multiple solitary plasmacytomas: 2009 update), 
MRI of the spine is not considered to be necessary for the diagnosis of SEP. But other 
authors find it useful for the accurate staging of EMP, similar to SBP. 

3.3 Treatment of solitary extramedullary plasmacytoma 

Solitary extramedullary plasmacytoma are highly radiosensitive tumours. Local control 
rates of 80–100% are consistently reported with moderate doses of radiotherapy (Mayr et al, 
1990; Bolek et al, 1996; Jyothirmayi et al, 1997; Liebross et al, 1998). 

Solitary extramedullary plasmacytoma should be treated by radical radiotherapy 
encompassing the primary tumour with a margin of at least 2 cm. The cervical nodes should 
be included if involved. The first echelon cervical nodes should be included in SEP of 
Waldeyer’s ring. For SEP up to 5 cm a radiotherapy dose of 40 Gy in 20 fractions is 
recommended. For bulky SEP of >5 cm, a higher dose of up to 50 Gy in 25 fractions is 
recommended. 
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Radiotherapy alone is the treatment of choice for head and neck SEP. Radical surgery 
should be avoided in head and neck SEP. For SEP at other sites complete surgical removal 
should be considered if feasible. Patients with involved surgical margins should receive 
adjuvant radiotherapy. No recommendation for adjuvant radiotherapy can be made for 
patients who have undergone complete surgical excision with negative margins. 

Adjuvant chemotherapy should be considered in patients with tumours >5 cm and those 
with high grade tumours. Chemotherapy is indicated for patients with refractory and/or 
relapsed disease. Therapy as for MM is indicated (United Kingdom Myeloma Forum. 
Guidelines on the diagnosis and management of solitary plasmacytoma of bone, 
extramedullary plasmacytoma and multiple solitary plasmacytomas: 2009 update). 

3.4 Natural history and prognosis 

In most series, < 10% of patients have local recurrence of disease and the 10-year disease 
free and overall survival ranges from 50-80%, for the 30%-50% of patients who develop 
disease progression to myeloma. This occurs after a median of 1.5-2.5 years and their 
clinical course at progression is similar to those of patients diagnosed with de novo 
symptomatic myeloma (Weber D, 2005). Because of the small number of patients in most 
series, any statistically significant risk factors for development of myeloma are not clear 
and are further complicated by the inclusion of patients over many decades during which 
treatment and diagnostic modalities have become more refined and are likely to impact 
prognosis. In some series, bulky disease > 5 cm may have prognostic significance (Tsang, 
2001). 

4. Multiple solitary plasmacytomas  
Multiple solitary plasmacytomas, which may be recurrent, occur in up to 5% of patients 
with an apparently solitary plasmacytoma and may involve soft tissue or bone. 

4.1 Diagnostic criteria  

 Absent or low serum or urinary level of monoclonal immunoglobulin 
 More than one localized area of bone destruction or extramedullar tumor of clonal 

plasma cells which may be recurrent 
 Normal bone marrow 
 Normal skeletal survey and MRI of spine and pelvis  
 No related organ or tissue impairment 

(United Kingdom Myeloma Forum. Guidelines on the diagnosis and management of 
solitary plasmacytoma of bone, extramedullary plasmacytoma and multiple solitary 
plasmacytomas: 2009 update). 

4.2 Treatment  

Treatment approaches to patients with multiple solitary plasmacytomas are variable and it 
is likely the choice of therapy will be influenced by factors such as patient age, sites of 
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recurrence, numbers of lesions and disease free interval. Recurrent solitary plasmacytoma 
out with the original site of radiotherapy, in the continuing absence of systemic disease, may 
be treated with additional radiotherapy. Patients with more extensive disease or early 
relapse may benefit from systemic therapy +/- autologous stem cell transplantation, as 
indicated for myeloma, with small cases series suggesting long term disease control 
(Dimopouloos, 2003). Newer agents including thalidomide and bortezomib have also been 
used successfully, prior to transplantation, in small numbers of patients with relapsed 
plasmacytoma (Chim, 2005; Katodritou, 2007; Pantelidou, 2006).  
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1. Introduction 

Multiple myeloma (MM) is a malignant neoplasm of plasma cells that is characterized by 
the production of pathologic M proteins, bone lesions, kidney disease, hyperviscosity, and 
hypercalcemia. MM occurs more frequently in patients between 50 and 80 years of age, 
with a mean age of 60 years and man are more affected than women (1). Systemic 
symptoms are due to bone pain pathologic fractures, renal failure, hypercalcemia, weight 
loss, fatigue, weakness, fever, thrombocytopenia, neutropenia, diarrhea, orthostatic 
hypotension and infections (2, 3). Initial findings are bone pain in 68% of patients, anemia 
in 62%, renal insufficiency in 55%, hypercalcemia in 30%, hepatomegaly in 21%, and 
splenomegaly in 5%. (4) 

2. Oral and maxillofacial manifestations 
Oral and maxillofacial lesions in patients with multiple myeloma are not uncommon, but 
multiple myeloma is often overlooked. Because the symptoms are many, the disease proves 
difficult to diagnose. Approximately 5 to 30% of myeloma patients have lesions in the jaw. 
Incidental discovery of lesions in the jaw may be the first evidence of this disease. Although 
uncommon, an initial presentation of multiple myeloma may reveal oral or maxillofacial 
symptoms. The oral manifestations of MM are the first sign of the disease in about 14% of 
the patients. (5) 

The patient may experience pain, swelling, numbness of the jaws, epulis formation, or 
unexplained mobility of the teeth. (6 -11)  

More than 30% of patients with MM develop osteolytic lesions in the jaw (9). Osteolytic 
lesions are more frequent in the mandible than in the maxilla, especially in the posterior 
teeth region, ramus and condylar process, presumably because of greater hematopoietic 
activity in these areas. (6,7) The radiographic appearance of the lesions is generally punched 
out osteolytic lesions (60%). In most instances, the lesions appear unassociated with the 
apices of the teeth.(6,12) (Figure 1) From the radiological point of view, MM can exhibit 
three distinct radiographic aspects in the skeletal system, including, in the maxillaries (9):  

1. Bone with no apparent alteration 
2. Multiple radiolucent areas 
3. Generalized bone rarefaction 
4. Osteoporotic alterations 
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Fig. 1. Radiographs showing osteolytic lesions caused by MM in different regions of maxilla 
and mandible. 

Skull lesions are more common than jaw lesions. Multiple radiolucent lesions of varying 
size, with ill-defined margins and a lack of circumferential osteosclerotic activity, should 
suggest this diagnosis (Figure 2). (6) 
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Fig. 2. Lateral Skull view showing multiple punched out radiolucent lesion 

Extraosseous lesions also occur in a significant number of patients (Figure 3) although a 
majority of the lesions are asymptomatic. 

 
Fig. 3. Extraosseous presentations of MM 

Amyloidosis as an additional complication has been reported in 6% to 15% of patients with 
multiple myeloma. Oral manifestations occur in nearly 39% of primary amyloidosis patients in 
which multiple myeloma associated lesions consist a small portion (13-15). Rarely oral 
amyloidosis may be the first symptom of multiple myeloma (16-18). The amyloid deposits in 
oral mucosa of primary amyloidosis patients presents as papules, nodules and plaques(13-
15,19). These lesions may interfere with speech, chewing, swallowing and ability to close 
mouth. Amyloid involvement of oral tissue is rather rare, and the tongue is the most 
encountered subsite (20). Macroglossia, usually seen in primary amyloidosis, occurs in 
approximately 20% of patients (21,22). It seems that almost all secondary amyloidosis 
originates from reactive systematic conditions (23). Even though macroglossia is known to be 
the most common manifestation, mucosal nodules are considered to be more specific signs 
indicative of amyloidosis of the tongue since tongue enlargement can also occur in the absence 
of amyloidosis (19). Amyloid deposition in the salivary glands may cause xerostomia. In late 
stages, lesions may even lead to oropharyngeal blokage (24). Presence of amyloidosis in 
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multiple myeloma patients is usually associated with poor survival. The median survival time 
in these patients is assumed to be about 4 months and death usually occurs as a complication 
of amyloidosis effecting major organ systems (25). Tongue biopsy is an excellent method of 
diagnosis. When a dentist/dental specialist is requested to take a biopsy specimen to detect 
amyloidosis, the specimen must include muscle tissue from the mucobuccal fold or tongue. 

3. Dental management 
Patients in long-term remission can undergo dental treatment, while patients with advanced 
or relapsed disease with reserved prognosis should receive palliative or urgent treatment 
only. Dental treatment should be performed always after consultation with the specialist, as 
it can be modified by certain aspects of the therapy and of the disease prognosis (26). 

It is very important to carry out a detailed history. This should include the diagnosis and 
status of the neoplasia, the nature and duration of previous and ongoing treatment, 
prognosis, comorbid medical conditions, current medications, past dental history, and prior 
history of oral and non-oral infections (27). 

All patients with MM should undergo comprehensive oral and dental evaluation in which is 
important to (26): 

1. Evaluate for presence of petechiae, ecchymosis, gingival hemorrhage, tooth mobility, 
tooth migration, facial pain, and/or paresthesia, indicative of local manifestations of MM. 

2. Evaluate for presence of dental/periodontal disease as a risk factor for development of 
osteonecrosis of the jaw (ONJ) and/or bacteraemia. 

3. Evaluate radiographs (panoramic and periapicals, as indicated) for evidence of 
osteolytic lesions (if detected, refer for further radiographic evaluation) and to 
determine potential risk for developing osteonecrosis of the jaw (ONJ). 

Dental treatment of these patients should be performed before starting the 
chemo/radiotherapy, treating any teeth with pulpal and periapical pathology, periodontal 
abscess, pericoronaritis, gross clinical caries and periodondontal disease. In the case of 
patients scheduled for autologous hematopoietic cell transplant, dental treatment should be 
avoided during the 3 days when stem cells are mobilized and harvested to minimize 
contamination secondary to iatrogenic transient bacteremia (27). 

The main problems in dental treatment of patients with MM are: 

1. Tendency to bleed 

Hemorrhages are the dentist’s major concerns when treating a patient with MM. Bleeding 
may result from several causes, including thrombocytopenia, abnormal platelet function, 
abnormal coagulation, or hyperviscosity. Intraoral bleeding manifests as petechiae and 
ecchymoses, and occasionally hematoma formation. These lesions do not require treatment, 
and large hematomas should not be excised due to risk of hemorrhage. 

For routine operative care where bleeding is not anticipated, treatment can generally be 
provided in even severely thrombocytopenic patients ( ≤ 10,000/ mm3 )without the need for 
transfusions.  

If surgery is necessary, recent results of platelet count, bleeding time, prothrombin time, and 
partial thromboplastin time should be obtained. Depending on the extent of surgery, 
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coordination of platelet transfusion the day of the procedure may be indicated, although 
single tooth extractions can generally be managed by an experienced clinician with localized 
measures even with levels as low as 15,000 cells/mL (27). 

2. Increased risk of infection 

Patients with compromised lymphocyte function or low neutrophil count due to their 
malignancy or secondary to myelosuppressive chemotherapy are prone to newly acquired 
infections and/or exacerbation or reactivation of latent infections (27-29). In many cases the 
clinical presentation of oral infections may be atypical compared to what would normally be 
expected in a healthy patient population. Use of diagnostic tools, including cultures, 
cytological smears, and tissue biopsies, is critical in identifying pathogens and guiding 
appropriate therapies (27). 

a. Dental infections: 

Oral prophylaxis, oral hygiene instruction and elimination of oral sources of infection before 
beginning cancer treatment, can significantly reduce the risk of infectious complications 
(27,29). Odontogenic infections of pulpal and periodontal origin are frequently encountered 
and should be suspected in the presence of orofacial pain, large restorations, gross clinical 
caries, and periapical radiolucency. Dental radiographs must be obtained for any suspected 
odontogenic infection. Endodontically treated teeth with a radiographically adequate seal can 
become symptomatic during severe neutropenia, and while these may be initially managed 
with antibiotics, in most cases extraction is indicated. Similarly, chronic periodontal disease 
can become acutely exacerbated with or without the traditional clinical signs of inflammation 
and swelling. Treatment includes broad-spectrum antibiotics, chlorhexidine rinses, scaling and 
curettage, and extraction of hopeless teeth. Extractions should be performed as early as 
possible prior to beginning therapy to allow maximum healing. Prior to extractions or any 
other invasive procedures the platelet and absolute neutrophils counts must be reviewed and 
appropriate measures taken to minimize risk of complications (27). 

b. Opportunistic infections: 
i. Viral infections: Primary infection or reactivation of herpes family viruses is 

common in these patients, especially during intensive chemotherapy and in the 
context of advanced disease. Herpex simplex virus is the most common viral 
infection in these patients and typically presents as single or multiple painful 
ulcerative lesions that may involve any oral mucosal surface. Varicella-zoster virus 
(VZV) reactivation is less common. Treatments for both infections include 
acyclovir, valacyclovir or famciclovir, the latter appearing to have an advantage in 
preventing post-herpetic neuralgia following VZV infections (27,29). 

ii. Fungal infections: Oropharingeal candidiasis is the most common fungal infection in 
cancer patients. Candidiasis can present as pseudomembranous (the most common), 
erythematous, hyperplastic, or angular cheilitis. Symptoms include generalized 
discomfort, dysgeusia, xerostomia, and burning. Initial episodes can be treated with 
topical azoles or nystatin for 7 to 14 days; in severe cases, systemic therapy should be 
considered with 100 to 200 mg/day of fluconazole or itraconazole for 7 to 14 days or 
long-term for prophylaxis, especially in recurrent cases. In patients with nonhealing 
solitary ulcerations, deep fungal infections (aspergillus, zygomyces, and histoplasma) 
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coordination of platelet transfusion the day of the procedure may be indicated, although 
single tooth extractions can generally be managed by an experienced clinician with localized 
measures even with levels as low as 15,000 cells/mL (27). 
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curettage, and extraction of hopeless teeth. Extractions should be performed as early as 
possible prior to beginning therapy to allow maximum healing. Prior to extractions or any 
other invasive procedures the platelet and absolute neutrophils counts must be reviewed and 
appropriate measures taken to minimize risk of complications (27). 
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common in these patients, especially during intensive chemotherapy and in the 
context of advanced disease. Herpex simplex virus is the most common viral 
infection in these patients and typically presents as single or multiple painful 
ulcerative lesions that may involve any oral mucosal surface. Varicella-zoster virus 
(VZV) reactivation is less common. Treatments for both infections include 
acyclovir, valacyclovir or famciclovir, the latter appearing to have an advantage in 
preventing post-herpetic neuralgia following VZV infections (27,29). 

ii. Fungal infections: Oropharingeal candidiasis is the most common fungal infection in 
cancer patients. Candidiasis can present as pseudomembranous (the most common), 
erythematous, hyperplastic, or angular cheilitis. Symptoms include generalized 
discomfort, dysgeusia, xerostomia, and burning. Initial episodes can be treated with 
topical azoles or nystatin for 7 to 14 days; in severe cases, systemic therapy should be 
considered with 100 to 200 mg/day of fluconazole or itraconazole for 7 to 14 days or 
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should be considered, the management of which requires aggressive therapy with 
intravenous azoles, amphotericin B, and the echinocandins (27,29). 

3. Risk of developing osteonecrosis of jaws (ONJ) 

In MM patients treated with radiotherapy or intravenous bisphosphonates there is a risk of 
developing osteonecrosis of jaws. The unique environment of the oral cavity could explain 
why the maxilla and mandible are solely involved. It can be hypothesized that patients who 
have received long-term bisphosphonate therapy may have a compromised blood supply to 
their maxilla and mandible. When dental extractions are performed on this group of 
patients, the open bony wound with a compromised healing ability cannot cope with the 
presence of oral microflora.The extraction wound then becomes infected and progresses into 
osteomyelitis due to the poor healing ability of the tissues. It then develops into 
osteonecrosis. It should be noted that all other bones in the skeleton are well enclosed in the 
soft tissue and thus protected from a resident microflora. (30) 

Preventive recommendations 

A comprehensive recent medical history is essential before commencing any dental 
treatment. Identifying the risk factors in the medical history is mandatory and will help the 
patient’s overall well-being and safety. Patients taking radiotherapy or potent 
bisphosphonates for more than one year, particularly for bone conditions other than 
osteoporosis, and those on concomitant steroids appear to be at highest risk of developing 
ONJ. Other factors that appear to further increase the risks include: residual multiple 
myeloma or another malignancy; hypoproteinemia; renal impairment from disease or 
drugs; and/or chemotherapy. 

The treatment plan for a patient who has been on radiotherapy or bisphosphonate therapy 
should involve restorative dentistry, limited non-surgical periodontics and endodontics to 
control dental decay, periodontal disease and periapical inflammation. Patients who have 
dentures should have well maintained soft liners to minimize trauma to the oral mucosa or 
leave their dentures out. Failing soft liners would be more irritating than a hard but smooth 
denture.  

Extraction and all types of surgery should be avoided. If an extraction is mandatory, for 
example an infected vertically split tooth, then the tooth should be extracted with minimal 
bony damage or exposure. Although there is no research to validate it, prophylactic 
antibiotics and suturing the socket to close the wound are advised. As a novel approach the 
authors have been using orthodontic elastic bands to exfoliate teeth. This results in a slow 
extraction over a few weeks which allows the oral mucosa to migrate down the tooth as it 
exfoliates so there is no open wound.(31,32) 

There are conflicting reports regarding dental implants. Experimental studies show a 
positive effect of bisphosphonates on the bone around implants in experimental animals and 
humans ( 33, 34 35) . Failure of osteintegration in a patient who had successfully integrated 
implants but then commenced on bisphosphonate therapy has been reported.(36) Current 
advice is that placement of implants is best avoided if the patient has serious bone disease 
and are on potent doses. Osteoporotic patients on lower doses need a full informed consent 
before proceeding. Patients on bisphosphonate therapy with existing implants ↓should be 
regularly clinically and radiographically monitored. Increased bone density around the 
implant, similar to that shown around the socket in may occur. If bone pain or loss of 
integrity occurs the superstructure should be removed and the implant left submerged.(36) 
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Bone surgery must be avoided as the bone is exceedingly dense and avascular necrosis may 
occur. 

Full dental assessment and treatment planning should occur prior to the patient 
commencing radiotherapy or bisphosphonate therapy (Table 1). (37) 

 
Table 1. Preventive strategy for OJN 

Therapeutic recommendations 

The first step is to establish the diagnosis if a patient on radiotherapy/bisphosphonate 
therapy presents with a non-healing oral wound. This requires an accurate medical and 
dental history. Patients with diabetes and immunocompromised patients can have delayed 
wound healing. Once the diagnosis of ONJ is made the treating medical practitioner, oral 
and maxillofacial surgeon and dentist need to confer to establish a management plan. At 
present there is no simple single effective treatment for ONJ. (38-42) 

The first approach should be non-surgical with the use of antiseptic mouth rinses and 
antibiotics to prevent or treat secondary infection. Removable appliances lined with a 
periodontal pack that passively cover the bony defect can be inserted to protect the site from 
further trauma and may aid mucosal covering of the exposed bone.(37,42) 

If the exposed bone is painful or there is significant secondary infection, localized surgical 
debridement without primary reconstruction can be considered. Minimal mucoperiosteal 
flap reflection to preserve the blood supply to underlying bone should be used. The problem 
is that the whole skeleton is involved. Resection to a normal bleeding bone margin cannot be 
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undertaken as for osteoradionecrosis. Bone grafting, either as a free graft or by 
microvascular transfer, involves affected bone. There is a risk that there could be two 
problem areas, the donor graft site as well as the recipient jaw site. Major re-section surgery 
should be avoided if at all possible. (38-42) 

In summary, for established cases it is recommended that treatments begin with the 
recognition that palliation and control of secondary infection are the primary goals. Control 
of progression has been obtained in most cases with long-term or intermittent courses of a 
penicillin or second generation cephalosporin, chlorhexidine mouthwash and periodic 
minor debridement of soft-textured sequestrating bone and wound irrigation (Table 2). 

 
*It is probable that this time span is too short. 
**Extreme caution is recommended at this point 

Table 2. Therapeutic management of ONJ 

4. Anemia 

Patients with severe anemia often complain of that they fatigue easily and may not be able 
to tolerate time-consuming dental treatment. 
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Fig. 4. Clinical and radiographic presentations of ONJ 

The need for blood products and the appropriate venue for dental treatment should be 
discussed with the patient’s oncologist, as these patients may require continuous monitoring 
of vital signs and blood counts perioperatively (26). 

5. Corticosteroids treatment 

Patients receiving high-dose systemic corticosteroids may display evidence of secondary 
adrenal insufficiency. Adrenal crises secondary to insufficiency are rare in the dental setting, 
and steroid supplementation before nonsurgical dental procedures is not recommended. 
Steroid supplementation before oral surgery is usually recommended. The amount, 
duration, and venue for supplementation should be determined by both the dental specialist 
performing the procedure and the patient’s oncologist (26). 

6. Secondary malignancy 

Patients treated for MM are at high risk for relapse of primary disease as well as developing 
secondary malignancies. Considering the increased risk of second primary cancer of the 
head and neck in the survivors of MM, and the fact that squamous cell carcinoma is the 
most common second primary solid malignancy after allogeneic hematopoietic cell 
transplant, oral health care professionals play a critical role in the long-term surveillance of 
this patient population (27). 
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7. Specific considerations 
 Patients with renal dysfunction may require modified dosing intervals of 

medications (26). 
 In patients with multiple myeloma, it is important to evaluate for presence of 

hard/soft tissue masses that could indicate deposition of plasma cells and/or light 
chain associated amyloid, and biopsy if necessary (26). 

 Patients with multiple myeloma and significant bone pain, especially in the back, 
may need frequent breaks and may require frequent repositioning during dental 
procedures (26). 

 In patients undergoing orthodontic treatment, the removal of orthodontic 
appliances and delivery of retainers is recommended, as well as the postponement 
of orthodontic treatment until the patient has finished immunosuppressive therapy 
and the risk of hematologic relapse requiring further intervention is reduced 
(43,44). 

Considerations in dental treatment of patients with MM are summarized in table 3. 

Prior to dental treatment During dental treatment 
1. Patients in long-term remission can 

undergo dental treatment, while patients 
with advanced or relapsed disease with 
reserved prognosis should receive 
palliative or urgent treatment only. 

2. Dental treatment should be performed 
always after consultation with the 
specialist 

3. It is important to carry out a detailed 
history, a comprehensive oral and dental 
evaluation and a complete radiographic 
exam. 

4. Dental treatment should be performed 
before starting the chemo/radiotherapy.

1. Bleeding tendency 
2. Increased risk of infection 
3. Risk of developing osteonecrosis of the 

jaw. 
4. Anemia 
5. Corticosteroids treatment 
6. Secondary malignancies 
7. Specific considerations 

Table 3. Considerations in dental treatment of patients with MM 
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1. Introduction 
Renal involvement is a common feature of Multiple Myeloma (MM) that is associated with 
significant morbidity and shortened survival. At the time of diagnosis, some degree of renal 
impairment is present in about half of the cases. In some of patients dialysis is required 
eventually (Hutchison, 2007). A review from the US Renal Data System (USRDS) reports 
that the number of patients with myeloma associated end-stage renal disease (ESRD) in 2004 
in the United States was 5,390, with a prevalence of 1.1%. The presence of renal involvement 
is commonly associated with a higher tumor burden and worse prognosis, as the severity of 
renal failure is highly correlated with patient survival. Based on large series in which renal 
function was evaluated by serum creatinine levels; 43% of 998 patients had a renal 
insufficiency with the serum creatinine concentrations above 1,5 mg/dl (133 µmol/L) and 
one-year survival was found 80% in this group, while it was 50% in the patient group who 
had creatinine levels more than 2,3 mg/dl (200 µmol/L) (Winearls CG,1995). In another 
report, 22% of 423 patients had a severe renal insufficiency with the values of creatinine 
concentration greater than 2 mg/dl (177 µmol/L) (Bladé J,et al.,1998). As the serum 
creatinine level is affected due to the attenuated muscle mass of elderly MM patient 
population, International Myeloma Working Group has recommended use of glomerular 
filtration rate calculated by Modification of Diet in Renal Diseaese (MDRD) formula for the 
assessment of renal functions. For the assessment of the severity of acute renal injury, RIFLE 
(Risk, Injury, Failure, Loss and End-stage) and AKIN (Acute Kidney Injury Network) 
criteria may also be used.  

Renal failure is reversible in the majority of the patients and reversibility is an important 
prognostic factor which is associated with a long-term survival. With appropriate 
therapy, more than 50% patients with moderate renal insufficiency had improvement in 
renal functions during the first three months and it was found to be associated with 
better prognosis. (Knudsen et al.,2000) Successful managment of reversible precipitating 
factors such as dehydration, hypercalcemia, hyperuricemia, infections and use of 
nephrotoxic agents like contrast materials, non steroidal anti-inflammatory drugs 
(NSAID) and angiotensin-converting enzyme inhibitors can successfully contribute to 
reversal of renal failure. Initiation of early aggressive anti-myeloma therapy results in 
rapid decline of light chain production which can contribute significantly to renal 
function recovery.  
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Pathogenesis of renal disease in Multiple Myeloma is multifactorial . It is associated with 
excess production of monoclonal light chains by the neoplastic B-cell clone. Renal lesions 
occur primarily in tubules; however glomeruli, interstitium and blood vessels may also be 
involved. Myeloma cast nephropathy (Light Chain Cast Nephropathy –LCCN, Myeloma 
kidney) is the most prominent type of MM renal involvement and is primarily tubular. 
Isolated distal or proximal tubular dysfunction and acquired Fanconi Syndrome also may be 
seen. Glomerular lesions are usually related to AL-amyloidosis and light/heavy deposition 
disease. Interstitial nephritis and plasma cell infiltration demonstrate the involvement of 
renal interstitium. Types of pathologic lesions are basically determined by the mutated 
amino acid sequence of the monoclonal light chain. This was confirmed with LC injected 
mice that developed the same pattern of renal disease as was seen in the donor MM patient. 
(Solomon A, Weiss DT, Kattine AA,1991) Autopsy series of patients with myeloma found 
that the most frequent pathology is LCCN accounts for 40% to 60%, whereas light chain 
deposition disease and amyloidosis were seen in 5% and7% cases respectively. (Ivanyi 
B.,1989) In native renal biopsy studies of patients with myeloma and renal disease,40 to 63% 
had cast nephropathy, 19 to 26% had light-chain deposition disease, 7 to 30% had 
amyloidosis, and <1% had cryoglobulinemic renal > disease." (Ganewal D.,et al,1992 ve 
Montseny JJ. et al,1998) Renal biopsy is not indicated many patients for differential 
diagnosis to concern therapeutic options and estimation of prognosis in patients with the 
diagnosis of myeloma. (Kidney biopsy is generally not indicated for many of patients)  

We have tried to summarize the all pathophysiological mechanisms and clinical 
presentations of renal involvement in MM patients in this chapter. 

2. Light Chain Cast Nephropathy (myeloma kidney) 
LCCN is the most common cause of renal failure associated with myeloma, which accounts 
for approximately 90% of the cases. (Lin J,et al,2001) Renal failure may present both acutely 
or chronically but it is often acute in nature and can be severe with serum creatinine levels 
above 7 mg/dl (Montseny J,et al,1998). Characteristic lesion is a tubulointerstitial nephritis 
associated with monoclonal free light chains (FLCs) leading to intra-tubular cast 
formation/obstruction and direct tubular toxicity. Overproduction of FLCs by the neoplastic 
B-cell clone plays a crucial role in causing typical renal damage characterized by tubular 
atrophy and tubulointerstitial fibrosis. The degree of renal impairment correlates with 
tubular injury but not with the extent of cast formation. (Silva FG, et al,1983)The normal 
amount of light chain excretion is less than 30 mg/day, however it is generally more than 1 
gr/day in a myeloma patient with LCCN and can be massive (>20 gr/day) leading to 
nephrotic syndrome in less than 10% of the cases. The rate of FLC excretion corelates with 
renal insufficiency. In a demographic study of 1353 patients, 16% of the cases with < 1 gr/d 
FLC proteinuria had renal failure versus 47% and 63% in those with 1-10 gr/d and > 10 
gr/d, respectively (p=0,001) (Knudsen LM,et al,1994) Patients with LCCN are at higher risk 
of developing advanced myeloma with severe anemia and hypercalcemia (Durie-Salmon 
stage 3). 

2.1 Pathogenesis of LCCN  

The main pathology is cast nephropathy ie : the presence of excess FLCs in the plasma and 
urine which are produced by a neoplastic clone of plasma cells. Catabolism of circulating 
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FLCs intrinsically occurs in the kidney. In normal individuals, serum FLCs are relatively 
freely filtered through the glomerulus because of their low molecular weights (22,5 kd for 
monomeric kappa and 45 kd for dimeric lambda) and cationic net charge. After glomerular 
filtration; the FLCs in the tubular fluid bind to the tandem scavenger receptor system 
megalin/cubilin and are endocytosed via the clathrin dependent endosomal/lysosomal 
pathway (Batuman V et al., 1998). Megalin and cubilin are the two major, multiligand, 
endocytic receptors which are highly expressed in the apical endocytic apparatus of the 
renal proximal tubule and they are responsible for the tubular reabsorbtion of most proteins 
filtered in the glomeruli. Receptor Associated Protein (RAP) is also known as a high-
affinated ligand for megalin, thus, it plays a significant role in endocytic function of the 
proximal tubule (Verroust PJ et al.,2002). Endocytic uptake of FLCs is followed by the 
hydrolisation and degradation in the lysosomes, and after acidifying in vesicles, the released 
aminoacids pass through basement membrane and re-circulate back to the system (Leheste 
et al., 1999) 

In Multiple Myeloma, over-production of FLCs exceeds the reabsorbation capacity of the 
proximal tubules and results in the presence of FLCs in the distal nephron and overflow 
light chain proteinuria (Bence Jones proteinuria). Tamm-Horsfall Mucoprotein (THMP, also 
known as Uromodulin) is a renal epithelial glycoprotein which is secreted by the cells of the 
thick ascending limb of the loop of Henle and it forms the gel-like matrix of urinary casts. 
Over-concentrated FLCs bind to a specific peptide domain on THMP and constitutes the 
waxy cast formation that aggregates in distal tubules leading to tubular obstruction. Some 
factors may promote cast formation, such as dehydration (by stasis in tubules), 
hypercalcemia, acidosis, radiocontrast medications (by interacting with light chains) and 
furosemide (by increasing luminal sodium chloride). Increasing intra-luminal pressure 
reduces the glomerular filtration rate, therefore by the loss of metabolism related to GFR, 
circulating concentration FLCs increases also in the tubules. This circumstance triggers a 
vicious cycle in the pathogenesis of myeloma kidney. Intra-tubular cast formation usually 
results in tubular rupture and necrosis that precipitates interstitial inflammatory nephritis 
(Hill GS et al.,1983) Interstitial fibrosis and tubular atrophy follow : this fact can be accepted 
as the main pathology underlying the renal impairment related to cast nephropathy. Direct 
tubular toxicity is one of the another basic mechanisms leads to LCCN and dose-dependent 
toxicity can be occur in the proximal tubuler epithelial cells (PTEC) by light chains, resulting 
in tubular necrosis. Type of light chain is also important to determine the degree and the 
localization of renal injury for the reason that nephrotoxicity may differ based on the 
characteristics of the light chains. THMP interacts with the hyper-variable regions of the 
light chains and shows variable affinity to different types (Sanders et al., 1990). This 
phenomenon can explain why some patients have a severe renal disease with smaller 
amount of light chains and some have minimal renal dysfunction with larger rates. It is also 
well known that kappa and lambda light chains are both toxic to the tubule ephitelium but 
lambda is more associated with amyloidosis whereas kappa is frequently involves in Light 
Chain Deposition Disease (LCDD) and acquired adult’s Fanconi’s syndrome. 

Recent studies in last decade put emphasis on the role of proximal tubule cells in the 
pathogenesis of cast nephropathy. These studies have demonstrated that proximal tubular 
endocytosis of light chains induces pro-inflammatory and inflammatory cytokine releasing 
such as IL-6, IL-8, TNF alfa and monocyte chemotactic protein-1 (MCP-1). It has also been 
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suggested that these cytokines and chemokines are mediated by activated transcription 
factors like NF-kappa β which are signalled through the MAPKs ERK 1/2, JNK and p38. 
(Sengul S et al., 2002,2003). This inflammatory process results in interstitial fibrosis and 
tubular damage which is associated most probably with the additon of incremental 
Transforming Growth Factor β (TGF-β) production (Keeling J, Herrera GA, 2007). There are 
still ongoing studies to clarify the molecular mechanisms involved in cast nephropathy and 
further studies are needed to have a clear understanding.  

2.2 Diagnosis of LCCN 

According to a renal biopsy study of 259 elderly patients who had unexplained renal failure, 
LCCN was found in 40% of patients with previously undiagnosed myeloma (Haas M,et 
al,2000). On this basis, LCCN should be considered in any patient over age 40 who presents 
with unexplained renal failure. Urine dipstick test is usually inadequate to detect FLCs, 
because it is primarily sensitive for albumin but insensitive for Bence Jones protein. 
Therefore, sulfosalicylic acid (SSA) which detects all proteins should be chosen to detect 
FLCs by the assessment of turbidity. A remarkably positive SSA test when dipstick is 
relatively negative supports the presence of non-albumin proteins like Bence Jones protein 
in the urine.Serum protein electrophoresis (SPEP) and urine protein electrophoresis (UPEP) 
should be performed initially in every patient with suspected myeloma. To confirm the 
diagnosis by measuring the amount and type of the monoclonal protein, immunofixation of 
serum and 24 h urine collection are also recommended especially in patients with normal 
protein electrophoretic pattern in cases with strong suspicion for myeloma. FLC assays 
which reveal the quantification of serum FLC levels, κ/λ ratio and urinary FLC excretion 
should be obtained on every patient and these assays are particularly important in non-
secretory myeloma patients whom serum and urine immunofixation analysis is negative. 

For a definitive diagnosis, renal biopsy is generally needed. Pathologic findings of LCCN 
basically include the demonstration of prominent tubular casts in distal nephron. With light 
microscopy, in hematoxylin and eosin-stained sections, the casts are brightly eosinophilic 
and usually seem large and “brittle” because they are typically lamellated/fractured and 
also surrounded by macrophages and multinucleated giant cells of foreign-body type 
diagnostically. The other staining properties of the casts are classified as Periodic acid-Schiff 
(PAS) negative, fuchsinophilic with Masson’s trichrome and less frequently Congo red 
positive. Immunofluorescence microscopy can differentiate the light chain with THMP from 
the other serum proteins. 

2.3 Prognosis and treatment of LCCN 

Multiple Myeloma is a progressive and incurable disease and median survival is about 6 
months or less if it is not treated. In the past decade, by the advances in the myeloma 
treatment, median survival has increased from an average of 3 years to >5 years. Renal 
function is an important prognostic factor for MM and renal failure is associated with a 
worse prognosis as the others like lower serum albumin and higher β-2 microglobulin 
levels. Severity and reversibility of renal impairment is also important in prognosis. In 
patients who present with a plasma creatinine concentration of <1,5 mg/dl (130 µmol/L), 
the one-year survival was 80%, compared with 50% for patients with a creatinine level of 
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>2.3 mg/dl (200 µmol/L) (Winearls CG, 1995). In cast nephropathy, renal failure is often 
reversible by appropriate management of the precipitating factors and early aggressive 
treatment to reduce FLC production. Many studies suggest that renal recovery is closely 
related with a better prognosis and similar outcomes who have a normal renal function at 
diagnosis (Bladé J.et al, 1998), however, on the contrary some claims it is not associated with 
a favorable outcome (Kastritis et al,2007). Renal dysfunction due to LCNN is usually 
presents in acute nature and some factors may contribute to reduce GFR by inducing cast 
precipitation or may be the main cause of acute renal failure (ARF). First of all, an 
appropriate supportive care should be administered to correct the precipitating factors lead 
to ARF and it should be followed by a specific anti-myeloma therapy. 

Autologous Stem Cell Transplantation in LCCN 

The use of autologous stem cell transplantation (ASCT) for patients with myeloma and renal 
insufficiency has been studied in last decade. Many of these patients are considered 
ineligible for ASCT because of a high risk of treatment-related toxicity. 

In a retrospective study of 81 patients with multiple myeloma and renal failure (plasma 
creatinine >2mg/dl), 60 patients underwent transplantation with melphalan 200 mg/m2, 
and the remaining 21 had a reduction of the melphalan dose to 140 mg/m2 because of 
excessive toxicity. The treatment-related mortality rate after the first ASCT was 6% and the 
3-year event-free and overall survival rates were 48 and 55%, respectively. The degree of 
toxicity was acceptable and stem cell collection or engraftment were not negatively affected 
by renal failure (Badros A,et al,2001). In another large study from Mayo Clinic, it has 
revealed that creatinine level did not affect complete response rate and time to progression 
(17 months), but patients with creatinine levels above 2 mg/ml had a higher day-100 
mortality rate (13% vs.3%) and a shorter overall survival rate (31 vs 47 months) than those 
with normal renal function. Platelet engraftment was also significantly delayed for patients 
with renal insufficiency. In conclusion; ASCT may reverse renal failure in patients with 
multiple myeloma but it must be used with caution in selected patients with an appropriate 
dose adjustment of melphalan.  

3. Other causes of ARF and prevention and supportive care 
3.1 Volume depletion 

Hypovolemia facilitates cast precipitation by increasing FLC concentration in tubule lumen 
and lower urine flow contributes to intratubular obstruction. Some of myeloma patients 
present with acute oliguric renal failure and vigorous fluid therapy should be immediately 
initiated to replace volume depletion. The goals of fluid therapy are to increase the urine 
formation and tubule flow rate to prevent intratubular cast precipitation and obstruction. 
Isotonic or one-half isotonic saline is generally used to administer the hydration regimen 
with an initial infusion rate of 150 ml/h to achieve a high urine output at least 3 lt/day. 
Close monitoring should be carried out therefore some patients who have renal or heart 
failure may develop volume overload. In such cases, hydration regimen should be modified 
and if it is essential, a loop diuretic may be used to forced diuresis. Adequate hydration 
usually reverses the pre-renal component of ARF and oliguric status generally responses to 
therapy preferably in the first 24 hours. 
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suggested that these cytokines and chemokines are mediated by activated transcription 
factors like NF-kappa β which are signalled through the MAPKs ERK 1/2, JNK and p38. 
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microscopy, in hematoxylin and eosin-stained sections, the casts are brightly eosinophilic 
and usually seem large and “brittle” because they are typically lamellated/fractured and 
also surrounded by macrophages and multinucleated giant cells of foreign-body type 
diagnostically. The other staining properties of the casts are classified as Periodic acid-Schiff 
(PAS) negative, fuchsinophilic with Masson’s trichrome and less frequently Congo red 
positive. Immunofluorescence microscopy can differentiate the light chain with THMP from 
the other serum proteins. 

2.3 Prognosis and treatment of LCCN 

Multiple Myeloma is a progressive and incurable disease and median survival is about 6 
months or less if it is not treated. In the past decade, by the advances in the myeloma 
treatment, median survival has increased from an average of 3 years to >5 years. Renal 
function is an important prognostic factor for MM and renal failure is associated with a 
worse prognosis as the others like lower serum albumin and higher β-2 microglobulin 
levels. Severity and reversibility of renal impairment is also important in prognosis. In 
patients who present with a plasma creatinine concentration of <1,5 mg/dl (130 µmol/L), 
the one-year survival was 80%, compared with 50% for patients with a creatinine level of 
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>2.3 mg/dl (200 µmol/L) (Winearls CG, 1995). In cast nephropathy, renal failure is often 
reversible by appropriate management of the precipitating factors and early aggressive 
treatment to reduce FLC production. Many studies suggest that renal recovery is closely 
related with a better prognosis and similar outcomes who have a normal renal function at 
diagnosis (Bladé J.et al, 1998), however, on the contrary some claims it is not associated with 
a favorable outcome (Kastritis et al,2007). Renal dysfunction due to LCNN is usually 
presents in acute nature and some factors may contribute to reduce GFR by inducing cast 
precipitation or may be the main cause of acute renal failure (ARF). First of all, an 
appropriate supportive care should be administered to correct the precipitating factors lead 
to ARF and it should be followed by a specific anti-myeloma therapy. 

Autologous Stem Cell Transplantation in LCCN 

The use of autologous stem cell transplantation (ASCT) for patients with myeloma and renal 
insufficiency has been studied in last decade. Many of these patients are considered 
ineligible for ASCT because of a high risk of treatment-related toxicity. 

In a retrospective study of 81 patients with multiple myeloma and renal failure (plasma 
creatinine >2mg/dl), 60 patients underwent transplantation with melphalan 200 mg/m2, 
and the remaining 21 had a reduction of the melphalan dose to 140 mg/m2 because of 
excessive toxicity. The treatment-related mortality rate after the first ASCT was 6% and the 
3-year event-free and overall survival rates were 48 and 55%, respectively. The degree of 
toxicity was acceptable and stem cell collection or engraftment were not negatively affected 
by renal failure (Badros A,et al,2001). In another large study from Mayo Clinic, it has 
revealed that creatinine level did not affect complete response rate and time to progression 
(17 months), but patients with creatinine levels above 2 mg/ml had a higher day-100 
mortality rate (13% vs.3%) and a shorter overall survival rate (31 vs 47 months) than those 
with normal renal function. Platelet engraftment was also significantly delayed for patients 
with renal insufficiency. In conclusion; ASCT may reverse renal failure in patients with 
multiple myeloma but it must be used with caution in selected patients with an appropriate 
dose adjustment of melphalan.  

3. Other causes of ARF and prevention and supportive care 
3.1 Volume depletion 

Hypovolemia facilitates cast precipitation by increasing FLC concentration in tubule lumen 
and lower urine flow contributes to intratubular obstruction. Some of myeloma patients 
present with acute oliguric renal failure and vigorous fluid therapy should be immediately 
initiated to replace volume depletion. The goals of fluid therapy are to increase the urine 
formation and tubule flow rate to prevent intratubular cast precipitation and obstruction. 
Isotonic or one-half isotonic saline is generally used to administer the hydration regimen 
with an initial infusion rate of 150 ml/h to achieve a high urine output at least 3 lt/day. 
Close monitoring should be carried out therefore some patients who have renal or heart 
failure may develop volume overload. In such cases, hydration regimen should be modified 
and if it is essential, a loop diuretic may be used to forced diuresis. Adequate hydration 
usually reverses the pre-renal component of ARF and oliguric status generally responses to 
therapy preferably in the first 24 hours. 
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3.2 Hypercalcemia 

Hypercalcemia occurs in more than 25 %of myeloma patients in the course of the disease 
and 15 %of patients have mild hypercalcemia with serum calcium level 11.0-13.0 mg/dl at 
diagnosis. Moderate or severe hypercalcemia may also be seen and may contribute to 
ARF. Hypercalcemia is the second most common cause of renal failure in MM (Blade J, 
Rosinol L.,2005). As the other malignancy-related hypercalcemias, some osteoclast 
activating factors and bone resorbing cytokines like lymphotoxin, interleukin-6, 
interleukin 1-β and a parathyroid related protein are produced by neoplastic cells and 
results in increased bone resorption (Kitazawa R,et al,2002). Elevated calcium 
concentration in renal tubules cause intratubular calcium deposition and vasoconstriction 
in renal vasculature. Decreased glomerular filtration rate induces cast precipitation and 
probably augments the toxicity of FLCs (Smolens P,et al,1987). Hypercalcemia may also 
causes nephrogenic diabetes insipidus which is characterized by ADH resistance and with 
the impairment of renal concentrating ability, polyuria and polydipsia may develop. 
Increased diuresis results in hypovolemia and aggravates the pre-renal component of 
renal failure. Renal dysfunction due to hypercalcemia is usually reversible and 
management strategy should be based on to correct serum calcium concentration. In mild 
asymptomatic hypercalcemia which can be described as <14 mg/dl (4 mmol/L), initially 
intravenous hydration should be preferred. Loop diuretics should not be used in 
myeloma-related hypercalcemia because of their facilitating effect on cast nephrotoxicity 
by increasing luminal sodium chloride. If there is no response to the fluid therapy within 
12 hours, a bisphosphonate should be administered while considering renal functions. 
Although bisphosphonates are very useful and effective in the management of 
malignancy-related hypercalcemia, they must be used with caution in myeloma patients 
because of their nephrotoxicity and the risk of subsequent hypocalcaemia. In addition, 
beside their hypocalcemic effect, it has been shown that bisphosphonates reduce the 
incidence of skeletal events and improve life quality (Berenson JR,et al, 1998). 
Pamidronate (a dose of 60 to 90 mg as a 2 hours infusion) and Zoledronic acid (a dose of 4 
mg, as a 15 minutes infusion) are the most common bisphosphonates in clinical use and 
regimen may be repeated at intervals of 2 or 4 weeks if necessary. Serum calcium and 
creatinine levels should be monitorized regularly and appropriate dose adjustment 
should be done in patients with severe renal impairment and vitamin D deficiency. For 
moderate or severe hypercalcemia, anti-myeloma therapy which includes steroids should 
be promptly initiated. Calcitonin may also help to reduce serum calcium concentrations 
without the risk of severe hypocalcemia and nephrotoxicity. 

3.3 Nephrotoxic drugs 

Some drugs and radiocontrast materials should not be used in myeloma patients because of 
their nephrotoxic potential, especially in the state of volume depletion. 

3.3.1 Intravenous radiocontrast solutuions 

Contrast induced nephropathy (CIN) is defined as an acute reduction in renal function 
due to iodinated contrast media administration and it is one of the most common cause of 
hospital-acquired acute renal failure. Patients with myeloma are at high risk group to 
develop renal impairment secondary to radiocontrast using and especially in the setting 
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of hypovolemia, contrasts may precipitate acute renal failure in the rate of approximately 
1.5 percent (McCarthy CS, Becker JA, 1992). These agents induce light chain precipitation 
in the tubules and furthermore they may also interact with light chains and contribute to 
intra-tubular obstruction. However, recent studies suggest that myeloma patients with 
normal creatinine and low β2-microglobulin levels (< 2.8 mg/L) are at low risk for 
developing CIN and radiocontrast administration is safe in this group (Pahade JK,et 
al,2011). Nevertheless, the removal or avoidance of iodinated contrast agents should be 
preferred primarily but if it is not possible, adequate hydration should be performed 
during and after the procedure as well as using of low-osmolar or iso-osmolar 
radiocontrast media. 

3.3.2 Non-steroid anti-inflammatory drugs and others 

NSAIDs basicly block the production of prostaglandins (PGs) via inhibition of 
cyclooxygenase enzyme activitiy (COX-1 and COX-2). By the suppression of vasodilatatory 
PGs, renal vasoconstriction occurs and it leads to a reduction in the renal blood flow and 
glomerular filtration rate which may contribute to ARF. PGs blockage also leads to salt and 
water retention by the inhibition of chloride reabsorbtion and antidiuretic hormone (ADH). 
NSAIDs also can develop papillary necrosis and chronic interstitial nephritis. Patients with 
hypercalcemia or lower renal blood flow due to congestive heart failure, chronic renal 
failure or any other cause of hypovolemia and sodium depletion, have higher risk for 
worsening renal functions after using NSAIDs (Murray MD,et al,1995). Thus, NSAID 
therapy in patients with myeloma should be administered carefully and avoided if possible 
to prevent further renal damage. 

ACE inhibitors, angiotensine receptor blockers (ARBs), diuretics and aminoglycosides are 
the other nephrotoxic agents that affect renal functions adversely in myeloma patients and 
should be stopped or avoided if possible. 

3.4 Hyperuricemia 

Hyperuricemia due to increased nucleic acid turnover, is present in upto 50% myeloma 
patients at diagnosis. It may also be seen as a result of chemotherapy even though tumor 
lysis syndrome and acute uric acid nephropathy are rare in multiple myeloma. Adequate 
hydration, alkalinization of the urine and prophylactic use of allopurinol can overcome this 
complication significantly. 

3.5 Hyperviscosity syndrome 

Hyperviscosity syndrome is a group of symptoms results from increased blood viscosity 
due to the excessive amounts of circulating proteins and commonly occurs in association 
with paraprotein disorders, such as Waldenström macroglobulinemia (IgM) and rarely 
multiple myeloma (IgA,IgG3,kappa). It is classically manifested by spontaneous bleeding 
from mucous membranes due to impaired platelet function, neurologic and pulmonary 
symptoms as a result of ischemia in brain and lung tissue and visual defects related to 
rehinopathy. Although this syndrome rarely affects the kidneys permanently, it may also 
lead to acute renal failure occasionally. Plasmapheresis may be used to decrease viscosity 
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3.2 Hypercalcemia 

Hypercalcemia occurs in more than 25 %of myeloma patients in the course of the disease 
and 15 %of patients have mild hypercalcemia with serum calcium level 11.0-13.0 mg/dl at 
diagnosis. Moderate or severe hypercalcemia may also be seen and may contribute to 
ARF. Hypercalcemia is the second most common cause of renal failure in MM (Blade J, 
Rosinol L.,2005). As the other malignancy-related hypercalcemias, some osteoclast 
activating factors and bone resorbing cytokines like lymphotoxin, interleukin-6, 
interleukin 1-β and a parathyroid related protein are produced by neoplastic cells and 
results in increased bone resorption (Kitazawa R,et al,2002). Elevated calcium 
concentration in renal tubules cause intratubular calcium deposition and vasoconstriction 
in renal vasculature. Decreased glomerular filtration rate induces cast precipitation and 
probably augments the toxicity of FLCs (Smolens P,et al,1987). Hypercalcemia may also 
causes nephrogenic diabetes insipidus which is characterized by ADH resistance and with 
the impairment of renal concentrating ability, polyuria and polydipsia may develop. 
Increased diuresis results in hypovolemia and aggravates the pre-renal component of 
renal failure. Renal dysfunction due to hypercalcemia is usually reversible and 
management strategy should be based on to correct serum calcium concentration. In mild 
asymptomatic hypercalcemia which can be described as <14 mg/dl (4 mmol/L), initially 
intravenous hydration should be preferred. Loop diuretics should not be used in 
myeloma-related hypercalcemia because of their facilitating effect on cast nephrotoxicity 
by increasing luminal sodium chloride. If there is no response to the fluid therapy within 
12 hours, a bisphosphonate should be administered while considering renal functions. 
Although bisphosphonates are very useful and effective in the management of 
malignancy-related hypercalcemia, they must be used with caution in myeloma patients 
because of their nephrotoxicity and the risk of subsequent hypocalcaemia. In addition, 
beside their hypocalcemic effect, it has been shown that bisphosphonates reduce the 
incidence of skeletal events and improve life quality (Berenson JR,et al, 1998). 
Pamidronate (a dose of 60 to 90 mg as a 2 hours infusion) and Zoledronic acid (a dose of 4 
mg, as a 15 minutes infusion) are the most common bisphosphonates in clinical use and 
regimen may be repeated at intervals of 2 or 4 weeks if necessary. Serum calcium and 
creatinine levels should be monitorized regularly and appropriate dose adjustment 
should be done in patients with severe renal impairment and vitamin D deficiency. For 
moderate or severe hypercalcemia, anti-myeloma therapy which includes steroids should 
be promptly initiated. Calcitonin may also help to reduce serum calcium concentrations 
without the risk of severe hypocalcemia and nephrotoxicity. 

3.3 Nephrotoxic drugs 

Some drugs and radiocontrast materials should not be used in myeloma patients because of 
their nephrotoxic potential, especially in the state of volume depletion. 

3.3.1 Intravenous radiocontrast solutuions 

Contrast induced nephropathy (CIN) is defined as an acute reduction in renal function 
due to iodinated contrast media administration and it is one of the most common cause of 
hospital-acquired acute renal failure. Patients with myeloma are at high risk group to 
develop renal impairment secondary to radiocontrast using and especially in the setting 
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of hypovolemia, contrasts may precipitate acute renal failure in the rate of approximately 
1.5 percent (McCarthy CS, Becker JA, 1992). These agents induce light chain precipitation 
in the tubules and furthermore they may also interact with light chains and contribute to 
intra-tubular obstruction. However, recent studies suggest that myeloma patients with 
normal creatinine and low β2-microglobulin levels (< 2.8 mg/L) are at low risk for 
developing CIN and radiocontrast administration is safe in this group (Pahade JK,et 
al,2011). Nevertheless, the removal or avoidance of iodinated contrast agents should be 
preferred primarily but if it is not possible, adequate hydration should be performed 
during and after the procedure as well as using of low-osmolar or iso-osmolar 
radiocontrast media. 

3.3.2 Non-steroid anti-inflammatory drugs and others 

NSAIDs basicly block the production of prostaglandins (PGs) via inhibition of 
cyclooxygenase enzyme activitiy (COX-1 and COX-2). By the suppression of vasodilatatory 
PGs, renal vasoconstriction occurs and it leads to a reduction in the renal blood flow and 
glomerular filtration rate which may contribute to ARF. PGs blockage also leads to salt and 
water retention by the inhibition of chloride reabsorbtion and antidiuretic hormone (ADH). 
NSAIDs also can develop papillary necrosis and chronic interstitial nephritis. Patients with 
hypercalcemia or lower renal blood flow due to congestive heart failure, chronic renal 
failure or any other cause of hypovolemia and sodium depletion, have higher risk for 
worsening renal functions after using NSAIDs (Murray MD,et al,1995). Thus, NSAID 
therapy in patients with myeloma should be administered carefully and avoided if possible 
to prevent further renal damage. 

ACE inhibitors, angiotensine receptor blockers (ARBs), diuretics and aminoglycosides are 
the other nephrotoxic agents that affect renal functions adversely in myeloma patients and 
should be stopped or avoided if possible. 

3.4 Hyperuricemia 

Hyperuricemia due to increased nucleic acid turnover, is present in upto 50% myeloma 
patients at diagnosis. It may also be seen as a result of chemotherapy even though tumor 
lysis syndrome and acute uric acid nephropathy are rare in multiple myeloma. Adequate 
hydration, alkalinization of the urine and prophylactic use of allopurinol can overcome this 
complication significantly. 

3.5 Hyperviscosity syndrome 

Hyperviscosity syndrome is a group of symptoms results from increased blood viscosity 
due to the excessive amounts of circulating proteins and commonly occurs in association 
with paraprotein disorders, such as Waldenström macroglobulinemia (IgM) and rarely 
multiple myeloma (IgA,IgG3,kappa). It is classically manifested by spontaneous bleeding 
from mucous membranes due to impaired platelet function, neurologic and pulmonary 
symptoms as a result of ischemia in brain and lung tissue and visual defects related to 
rehinopathy. Although this syndrome rarely affects the kidneys permanently, it may also 
lead to acute renal failure occasionally. Plasmapheresis may be used to decrease viscosity 
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significantly and also exchange transfusions and hydration may be administered in the 
treatment strategy. 

4. Therapy modalities for myeloma kidney 
4.1 Plasmapheresis 

Extracorporeal removal of nephrotoxic light chains from the blood seems to be a reasonable 
approach in cast nephropathy and plasma exchange has been widely used in clinical 
practice to decrease serum FLC concentrations. However, there is no convincing evidence 
about the benefit of plasmapheresis in acute renal failure in multiple myeloma and 
conflicting outcomes have been reported by many studies ((Zuchelli P,et al,1988, Clark 
WF,et al,2005, Leung N,et al,2008) . 

Currently, plasmapheresis is indicated for patients with acute renal failure due to myeloma 
cast nephropathy to assist in the rapid removal of circulating excess FLCs and must be done 
together with dexamethasone-based regimens to limit production of new light chains. Renal 
biopsy is primarily needed to confirm tissue diagnosis but in emergency conditions 
presence of very high levels of FLCs in the serum or urine may prompt initiation of 
plasmapheresis. Standart regimen includes five to seven exchanges within seven or ten days 
and may be repeated if necessary. 

4.2 Dialysis 

Dialysis is an alternative approach to remove FLCs from circulation but it is generally 
insufficient for large amounts of light chains. Both hemodialysis and peritoneal dialysis may 
be administered in patients with acute or chronic renal failure, however, plasmapheresis is 
relatively more effective in the way of light chain reduction acutely.  

Recently, newer protein permeable and larger pored hemodialysis membranes that remove 
the FLCs more efficiently has been developed and studies focused on these high- cut off 
(HCO) dialysers. It has been demonstrated that daily, extended hemodialysis using the 
Gambro HCO 1100 dialyzer which has an effective cut-off for <50 kd proteins, could remove 
continuously large quantities of FLC (Hutchinson CA,et al,2007). A following pilot study 
handled by same team in 2009 concluded that in dialysis-dependent acute renal failure 
secondary to cast nephropathy, patients who received uninterrupted chemotherapy and 
extended HCO-HD had sustained reductions in serum FLC levels and independent renal 
function recovered in 74 percent of patients. An interruption in chemotherapy was found to 
be associated with unfavorable outcomes and therefore it was hard to distinguish the 
benefits of chemotherapy and HCO dialysis separately. 

The EUropean trial of free LIght chain removal by exTEnded haemodialysis in cast 
nephropathy (EuLITE) is a very recent prospective, randomised controlled, multicenter 
clinical trial of HCO dialysis versus conventional dialysis in patients with with cast 
nephropathy, dialysis dependent acute renal failure and de novo multiple myeloma who all 
receive bortezomib, doxorubicin and dexamethasone as chemotherapy (Hutchinson CA,et 
al,2008). This study is ongoing and if it suggests that if efficacious, this therapy will offer 
clinicians new options in the management of these patients. 
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4.3 Anti-myeloma treatment 

4.3.1 Conventional chemotherapy 

Renal dysfunction in myeloma patients usually indicates high tumor burden and aggressive 
disease and it is important to initiate an early, effective therapy to provide a remission and 
renal reversal immediately. Alkylator-based conventional chemotherapy with Melphalan-
Prednisone (MP) was usually reserved for patients who are ineligible for ASCT because of 
advanced age >70 and/or severe comorbidities (Rajkumar SV,Kyle RA,2005). MP regimen is 
also insufficient in renal function recovery and dose adjustment problems due to the renal 
elimination of melphalan limit the efficacy of therapy. In a study of Nordic Myeloma Study 
Group ,by the treatment with alkylating agents and standard dose steroids, reversal of renal 
failure was found in 58% of patients, whereas 40% of patients with a creatinine 2.3mg/dl 
achieved a normal renal function (Knudsen LM,et al,2000). 

Combination chemotherapies like Vincristin+ Doxorubicin+ Dexamethasone (VAD),or 
Cyclophosphamide + Dexamethasone, or Dexamethasone alone are more preferable 
regimens by clinicians to achieve a rapid control of the disease. Dose modification is not 
needed in renal failure because of low renal excretion of mentioned agents. From a single 
instution study in 94 patients who had renal failure with myeloma, renal function recovery 
was observed in 26% of cases by conventional combination chemotherapy. Median survival 
for these patients was 28.3 months, compared with 3.8 months for those with irreversible 
renal failure (P<0.001). Furthermore, survival was not significantly different in patients with 
renal recovery vs those with normal renal function (P=0.97). Response rate to chemotherapy 
was found to be considerably lower in patients with renal failure than those with normal 
renal function (39% versus 56%; P<0.001). However, if patients dying within the first 2 
months of treatment were excluded, there was no significant differences in the response rate 
between patients with renal failure and those with normal renal function. This result can be 
explained by high rate of early mortality in patients with renal failure accounting for 30% 
within first two months. Combination chemotherapy was also found to be more effective 
than MP or CP regimens with the response rates relatively 50% versus 24% (P=0.03) even 
though survivals were similar (Blade J,et al,1998). 

4.3.2 High-dose dexamethasone-based regimens 

High-dose dexamethasone-based regimens are alternatively safe and effective for newly 
diagnosed myeloma patients with renal impairment. In the first study of pulse 
dexamethasone therapy in previously untreated patients, the overall response rate was 43% 
similar to VAD and serious complications were considerably fewer, 4% versus 27% 
(Alexanian R,et al,1992). In a series of 41 myeloma patients with renal impairment treated 
with high-dose dexamethasone, rate of renal function recovery was found 73% which was 
higher than the reversal rate of standart dose steroid included alkylator-based regimens. 
This study concluded that high-dose dexamethasone was effective even in one-half of 
patients with negative prognostic factors in terms of reversal such as massive proteinuria, 
cast nephropathy and severe renal insufficiency. It is also suggested that combination with 

novel biologic agents, such as thalidomide and/or bortezomib also can provide a more 
rapid improvement in renal function (Kastritis E,et al,2007).  
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significantly and also exchange transfusions and hydration may be administered in the 
treatment strategy. 

4. Therapy modalities for myeloma kidney 
4.1 Plasmapheresis 

Extracorporeal removal of nephrotoxic light chains from the blood seems to be a reasonable 
approach in cast nephropathy and plasma exchange has been widely used in clinical 
practice to decrease serum FLC concentrations. However, there is no convincing evidence 
about the benefit of plasmapheresis in acute renal failure in multiple myeloma and 
conflicting outcomes have been reported by many studies ((Zuchelli P,et al,1988, Clark 
WF,et al,2005, Leung N,et al,2008) . 

Currently, plasmapheresis is indicated for patients with acute renal failure due to myeloma 
cast nephropathy to assist in the rapid removal of circulating excess FLCs and must be done 
together with dexamethasone-based regimens to limit production of new light chains. Renal 
biopsy is primarily needed to confirm tissue diagnosis but in emergency conditions 
presence of very high levels of FLCs in the serum or urine may prompt initiation of 
plasmapheresis. Standart regimen includes five to seven exchanges within seven or ten days 
and may be repeated if necessary. 

4.2 Dialysis 

Dialysis is an alternative approach to remove FLCs from circulation but it is generally 
insufficient for large amounts of light chains. Both hemodialysis and peritoneal dialysis may 
be administered in patients with acute or chronic renal failure, however, plasmapheresis is 
relatively more effective in the way of light chain reduction acutely.  

Recently, newer protein permeable and larger pored hemodialysis membranes that remove 
the FLCs more efficiently has been developed and studies focused on these high- cut off 
(HCO) dialysers. It has been demonstrated that daily, extended hemodialysis using the 
Gambro HCO 1100 dialyzer which has an effective cut-off for <50 kd proteins, could remove 
continuously large quantities of FLC (Hutchinson CA,et al,2007). A following pilot study 
handled by same team in 2009 concluded that in dialysis-dependent acute renal failure 
secondary to cast nephropathy, patients who received uninterrupted chemotherapy and 
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4.3 Anti-myeloma treatment 

4.3.1 Conventional chemotherapy 

Renal dysfunction in myeloma patients usually indicates high tumor burden and aggressive 
disease and it is important to initiate an early, effective therapy to provide a remission and 
renal reversal immediately. Alkylator-based conventional chemotherapy with Melphalan-
Prednisone (MP) was usually reserved for patients who are ineligible for ASCT because of 
advanced age >70 and/or severe comorbidities (Rajkumar SV,Kyle RA,2005). MP regimen is 
also insufficient in renal function recovery and dose adjustment problems due to the renal 
elimination of melphalan limit the efficacy of therapy. In a study of Nordic Myeloma Study 
Group ,by the treatment with alkylating agents and standard dose steroids, reversal of renal 
failure was found in 58% of patients, whereas 40% of patients with a creatinine 2.3mg/dl 
achieved a normal renal function (Knudsen LM,et al,2000). 

Combination chemotherapies like Vincristin+ Doxorubicin+ Dexamethasone (VAD),or 
Cyclophosphamide + Dexamethasone, or Dexamethasone alone are more preferable 
regimens by clinicians to achieve a rapid control of the disease. Dose modification is not 
needed in renal failure because of low renal excretion of mentioned agents. From a single 
instution study in 94 patients who had renal failure with myeloma, renal function recovery 
was observed in 26% of cases by conventional combination chemotherapy. Median survival 
for these patients was 28.3 months, compared with 3.8 months for those with irreversible 
renal failure (P<0.001). Furthermore, survival was not significantly different in patients with 
renal recovery vs those with normal renal function (P=0.97). Response rate to chemotherapy 
was found to be considerably lower in patients with renal failure than those with normal 
renal function (39% versus 56%; P<0.001). However, if patients dying within the first 2 
months of treatment were excluded, there was no significant differences in the response rate 
between patients with renal failure and those with normal renal function. This result can be 
explained by high rate of early mortality in patients with renal failure accounting for 30% 
within first two months. Combination chemotherapy was also found to be more effective 
than MP or CP regimens with the response rates relatively 50% versus 24% (P=0.03) even 
though survivals were similar (Blade J,et al,1998). 

4.3.2 High-dose dexamethasone-based regimens 

High-dose dexamethasone-based regimens are alternatively safe and effective for newly 
diagnosed myeloma patients with renal impairment. In the first study of pulse 
dexamethasone therapy in previously untreated patients, the overall response rate was 43% 
similar to VAD and serious complications were considerably fewer, 4% versus 27% 
(Alexanian R,et al,1992). In a series of 41 myeloma patients with renal impairment treated 
with high-dose dexamethasone, rate of renal function recovery was found 73% which was 
higher than the reversal rate of standart dose steroid included alkylator-based regimens. 
This study concluded that high-dose dexamethasone was effective even in one-half of 
patients with negative prognostic factors in terms of reversal such as massive proteinuria, 
cast nephropathy and severe renal insufficiency. It is also suggested that combination with 

novel biologic agents, such as thalidomide and/or bortezomib also can provide a more 
rapid improvement in renal function (Kastritis E,et al,2007).  
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4.3.3 Novel agents 

Overall survival in multiple myeloma has improved remarkably in the last decade with the 
introduction of three novel agents used in both denovo and relapsed MM; Thalidomide, 
Bortezomib and Lenalidomide (Kumar SK,et al,2008). Combination of bortezomib and high-
dose dexamethasone is considered as the primary treatment option for myeloma patients 
with renal impairment and improves renal function rapidly in most patients. Incorporation 
of mechanical removal of serum FLCs may also provide an additive benefit to this 
combination for patients with acute renal failure due to myeloma cast nephropathy. 
Thalidomide is also therapeutic choice for the patients with severe renal impairment; 
however there is limited experience and data about it. Lenalidomide can reverse renal 
dysfunction in a subgroup of myeloma patients with mild or moderate renal impairment, 
thus it is effective and safe if administered at reduced doses according to renal function.  

4.3.3.1 Thalidomide 

Since the relationship between bone marrow angiogenesis and disease progression in 
myeloma has been well established, anti-angiogenic drug thalidomide has been 
demonstrated to be useful in the treatment of myeloma. Thalidomide is the first 
immunomodulatory drug (Imid) with proven anti-myeloma activity. No dose adjustment is 
required for the patients with renal impairment owing to the fact that it is not excreted in 
kidneys.  

In a study of 20 patients with stage III relapsed or refractory myeloma and chronic renal 
failure, treatment with thalidomide alone or in combination with dexamethasone resulted in 
12 of 15 responsive patients who recovered to normal renal function. Furthermore two 
patients who were dialysis-dependant showed a reduction in serum creatinine. Toxicity 
profile of thalidomide with or without dexamethasone was not significantly different among 
the patients with renal failure and normal renal function. Thus, it has concluded that 
thalidomide can be safely administered in patients with advanced myeloma and renal 
failure (Tosi P,et al,2004). In another study reversal of renal failure observed in 80% of 
previously untreated patients who received thalidomide in combination with high-dose 
dexamethasone with or without bortezomib (Kastritis E,et al,2007). Although many studies 
indicate similar toxicity in any level of renal dysfunction, some reports have suggested that 
toxic effects of thalidomide as severe neuropathy, constipation, lethargy and bradycardia 
are more frequent in patients with a serum creatinine level over 3mg/dl (Pineda-Roman M, 
Tricot G,2007). Treatment with thalidomide has been also reported in association with 
severe hyperkalemia in small part of patients with renal impairment (Harris E,et al,2003). 
More recently in a study of highcut off haemodialysis with thalidomide therapy, 14 of 19 
patients recovered renal function and became independent of dialysis (Hutchison CA,et 
al,2009). 

4.3.3.2 Lenalidomide 

Lenalidomide is a small molecule analogue of thalidomide and a second generation 
immunomodulatory drug which is highly effective in patients with relapsed or refractory 
myeloma, especially in combination with dexamethasone or alkylator agents. It is mainly 
excreted in kidneys by both glomerular filtration and active tubular reabsorption and dose 
adjustment is required for the patients with renal impairment. Therefore, data on the 
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efficacy of lenalidomide in myeloma patients with severe renal failure is limited, because 
most of studies excluded patients with serum creatinine >2 mg/dl. 

MM-009 and MM-010 phase 3 studies that compared Lenalidomid plus dexamethasone 
versus dexamethasone alone in patients with relaps or refractory myeloma demonstrated 
that there was no difference in disease response rates between patients with any degree of 
renal impairment and with normal renal function. In moderate or severe renal impairment, 
72% of the patients had an improvement in their renal function with Len+Dex, although 
there was an increased incidence of thrombocytopenia in patients with creatinine clearance 
<50 ml/min (Dimopoulos MA,et al,2010). In the following study of same researchers, 
patients treated by Len+Dex at a dose adjusted according to renal function, 3 of 12 patients 
with renal impairment (25%) achieved complete renal response and 2 (16%) achieved minor 
renal response, moreover there were no differences in the incidence of adverse events 
among patients with and without renal dysfunction. A Spanish retrospective analysis 
reported that with the combination of Len+Dex, response rate was 57% in 15 dialysis-
dependent myeloma patients ;one patient became independent of dialysis (Roig M,2009). In 
a phase II study which included treatment-naive patients who received Len+Dex showed 
that patients with a baseline Cr Cl< 40 ml min were 8.4 times more likely to require 
lenalidomide dose reduction due to grade 3 or higher myelosupression (Niesvizky R,et 
al,2007). Eventually available data suggest that lenalidomide may be safely administered to 
patients with renal impairment at the recommended reduced dose based on renal function 
with similar anti-myeloma activity and without significant additional toxicity. 
Recommended administration of lenalidomide is described as no dose reduction for 
CrCl<50 ml/min, reduce the dose to 10 mg/d in patients with CrCl 30-50 ml/min; to 15 mg 
every other day in patients with CrCl<30 ml/min not on dialysis and to 5 mg once daily in 
patients requiring dialysis. 

4.3.3.3 Bortezomib 

Bortezomib is the first proteasome inhibitor with proven activity in both newly diagnosed 
and relapsed or refractory myeloma. It may be used alone or in combination with steroids 
and other chemotherapeutic agents safely in patients with renal failure because  
its pharmacokinetics are independent of renal clearance and no dose adjustment is 
required. 

In the SUMMIT (Study of Uncontrolled Multiple Myeloma Managed with Proteasome 
Inhibition Therapy) and CREST (Clinical Response and Efficacy Study of Bortezomib in the 
Treatment of Relapsing Multiple Myeloma) phase 2 trials; overall response rates were found 
45% in patients with CrCl>80 ml/min and 25% in those with CrCl<50 ml/min. Toxicity and 
discontinuation rates were similar between the patients with renal impairment and normal 
renal function (Jagannath S, et al, 2005). In APEX (Assessment of Proteasome Inhibition for 
Extending Remissions), a phase III study, bortezomib versus high-dose dexamethasone was 
assessed in terms of efficacy and safety in patients with relapsed myeloma with varying 
degrees of renal impairment. Time to progression (TTP) and overall survival (OS) were 
similar between the subgroups with CrCl>50 ml/min and <50 ml/min, although there was 
insignificant trend toward shorter TTP and OS in patients with CrCl 50 ml/min or below. 
OS was significantly shorter in dexamethasone-treated patients with any degree of renal 
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4.3.3 Novel agents 

Overall survival in multiple myeloma has improved remarkably in the last decade with the 
introduction of three novel agents used in both denovo and relapsed MM; Thalidomide, 
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dose dexamethasone is considered as the primary treatment option for myeloma patients 
with renal impairment and improves renal function rapidly in most patients. Incorporation 
of mechanical removal of serum FLCs may also provide an additive benefit to this 
combination for patients with acute renal failure due to myeloma cast nephropathy. 
Thalidomide is also therapeutic choice for the patients with severe renal impairment; 
however there is limited experience and data about it. Lenalidomide can reverse renal 
dysfunction in a subgroup of myeloma patients with mild or moderate renal impairment, 
thus it is effective and safe if administered at reduced doses according to renal function.  

4.3.3.1 Thalidomide 

Since the relationship between bone marrow angiogenesis and disease progression in 
myeloma has been well established, anti-angiogenic drug thalidomide has been 
demonstrated to be useful in the treatment of myeloma. Thalidomide is the first 
immunomodulatory drug (Imid) with proven anti-myeloma activity. No dose adjustment is 
required for the patients with renal impairment owing to the fact that it is not excreted in 
kidneys.  

In a study of 20 patients with stage III relapsed or refractory myeloma and chronic renal 
failure, treatment with thalidomide alone or in combination with dexamethasone resulted in 
12 of 15 responsive patients who recovered to normal renal function. Furthermore two 
patients who were dialysis-dependant showed a reduction in serum creatinine. Toxicity 
profile of thalidomide with or without dexamethasone was not significantly different among 
the patients with renal failure and normal renal function. Thus, it has concluded that 
thalidomide can be safely administered in patients with advanced myeloma and renal 
failure (Tosi P,et al,2004). In another study reversal of renal failure observed in 80% of 
previously untreated patients who received thalidomide in combination with high-dose 
dexamethasone with or without bortezomib (Kastritis E,et al,2007). Although many studies 
indicate similar toxicity in any level of renal dysfunction, some reports have suggested that 
toxic effects of thalidomide as severe neuropathy, constipation, lethargy and bradycardia 
are more frequent in patients with a serum creatinine level over 3mg/dl (Pineda-Roman M, 
Tricot G,2007). Treatment with thalidomide has been also reported in association with 
severe hyperkalemia in small part of patients with renal impairment (Harris E,et al,2003). 
More recently in a study of highcut off haemodialysis with thalidomide therapy, 14 of 19 
patients recovered renal function and became independent of dialysis (Hutchison CA,et 
al,2009). 

4.3.3.2 Lenalidomide 

Lenalidomide is a small molecule analogue of thalidomide and a second generation 
immunomodulatory drug which is highly effective in patients with relapsed or refractory 
myeloma, especially in combination with dexamethasone or alkylator agents. It is mainly 
excreted in kidneys by both glomerular filtration and active tubular reabsorption and dose 
adjustment is required for the patients with renal impairment. Therefore, data on the 
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efficacy of lenalidomide in myeloma patients with severe renal failure is limited, because 
most of studies excluded patients with serum creatinine >2 mg/dl. 

MM-009 and MM-010 phase 3 studies that compared Lenalidomid plus dexamethasone 
versus dexamethasone alone in patients with relaps or refractory myeloma demonstrated 
that there was no difference in disease response rates between patients with any degree of 
renal impairment and with normal renal function. In moderate or severe renal impairment, 
72% of the patients had an improvement in their renal function with Len+Dex, although 
there was an increased incidence of thrombocytopenia in patients with creatinine clearance 
<50 ml/min (Dimopoulos MA,et al,2010). In the following study of same researchers, 
patients treated by Len+Dex at a dose adjusted according to renal function, 3 of 12 patients 
with renal impairment (25%) achieved complete renal response and 2 (16%) achieved minor 
renal response, moreover there were no differences in the incidence of adverse events 
among patients with and without renal dysfunction. A Spanish retrospective analysis 
reported that with the combination of Len+Dex, response rate was 57% in 15 dialysis-
dependent myeloma patients ;one patient became independent of dialysis (Roig M,2009). In 
a phase II study which included treatment-naive patients who received Len+Dex showed 
that patients with a baseline Cr Cl< 40 ml min were 8.4 times more likely to require 
lenalidomide dose reduction due to grade 3 or higher myelosupression (Niesvizky R,et 
al,2007). Eventually available data suggest that lenalidomide may be safely administered to 
patients with renal impairment at the recommended reduced dose based on renal function 
with similar anti-myeloma activity and without significant additional toxicity. 
Recommended administration of lenalidomide is described as no dose reduction for 
CrCl<50 ml/min, reduce the dose to 10 mg/d in patients with CrCl 30-50 ml/min; to 15 mg 
every other day in patients with CrCl<30 ml/min not on dialysis and to 5 mg once daily in 
patients requiring dialysis. 

4.3.3.3 Bortezomib 

Bortezomib is the first proteasome inhibitor with proven activity in both newly diagnosed 
and relapsed or refractory myeloma. It may be used alone or in combination with steroids 
and other chemotherapeutic agents safely in patients with renal failure because  
its pharmacokinetics are independent of renal clearance and no dose adjustment is 
required. 

In the SUMMIT (Study of Uncontrolled Multiple Myeloma Managed with Proteasome 
Inhibition Therapy) and CREST (Clinical Response and Efficacy Study of Bortezomib in the 
Treatment of Relapsing Multiple Myeloma) phase 2 trials; overall response rates were found 
45% in patients with CrCl>80 ml/min and 25% in those with CrCl<50 ml/min. Toxicity and 
discontinuation rates were similar between the patients with renal impairment and normal 
renal function (Jagannath S, et al, 2005). In APEX (Assessment of Proteasome Inhibition for 
Extending Remissions), a phase III study, bortezomib versus high-dose dexamethasone was 
assessed in terms of efficacy and safety in patients with relapsed myeloma with varying 
degrees of renal impairment. Time to progression (TTP) and overall survival (OS) were 
similar between the subgroups with CrCl>50 ml/min and <50 ml/min, although there was 
insignificant trend toward shorter TTP and OS in patients with CrCl 50 ml/min or below. 
OS was significantly shorter in dexamethasone-treated patients with any degree of renal 
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dysfunction (P=0.003), indicating that bortezomib is more effective than dexamethasone in 
overcoming the poor prognostic effect of renal failure. Toxicity of bortezomib was similar 
between subgroups (San Miguel JF,et al,2008). 

In a retrospective analysis of 24 relapsed or refractory myeloma patients who were all 
dialysis-dependent, overall response rate was reported 75% with complete or near complete 
renal response (CR or nCR) rate of 30%. Three patients became dialysis-independent after 
bortezomib therapy and safety profile of bortezomib was found similar in any stage of renal 
impairment (Chanan-Khan AA,et al,2007). In a phase II study that assessed the efficacy of 
BDD (bortezomib + doxorubicin + dexamethasone) therapy in patients with multiple 
myeloma with light chain-induced acute renal failure, myeloma response and renal 
response were obtained in 72% and 62% of patients respectively. Survivals were not 
different between patients with and without renal response but was lower in previously 
treated patients (P <0 .001) (Ludwig H,et al,2009). 

VISTA (Velcade as Initial Standard Therapy in multiple myeloma: Assessment with 
melphalan and prednisone) is the largest analysis of a phase III trial comparing VMP 
(bortezomib+melphalan+prednisone) and MP (melphalan+prednisone) combinations in 
myeloma patients with renal impairment. Response rates were higher and TTP and OS 
longer with VMP versus MP across renal cohorts. Response rates in VMP arm and TTP in 
both arms did not appear significantly different between patients with CrCl ≤ 50 or >50 
ml/min; OS appeared slightly longer in patients with normal renal function in both arms. 
Renal impairment reversal was seen in 49 of 111 (44%) patients receiving VMP versus 40 of 
116 (34%) patients receiving MP. In both arms, rates of grade 3 and 4 adverse events 
appeared higher in patients with renal impairment; with VMP, rates of discontinuations or 
bortezomib dose reductions due to adverse effects did not appear affected (Dimopoulos 
MA,et al,2009). 

According to the consensus statement on behalf of the International Myeloma Working 
Group, high dose dexamethasone and bortezomib are the recommended treatment for MM 
in patients with any degree of renal impairment especially for those with light chain cast 
nephropathy.  

5. Light chain amyloidosis (Primary, AL amyloidosis) 
Light-chain amyloidosis (AL) is the most common form of systemic amyloidosis in western 
countries, with an estimated incidence of 0.8 per 100,000 person years. This entity is 
characterized by tissue deposits of insoluble immunoglobulin light chain fragments which 
polymerize into extracellular amyloid fibrils with a typical β-pleated sheet secondary 
structure. Amyloid deposits derived from light chains accumulate in normal tissues like 
most commonly in the kidney, heart, liver and peripheral nervous system, resulting in 
structural organ dysfunction. It may be associated with an underlying plasma cell disorder 
like multiple myeloma, Waldenström Macroglobulinemia or MGUS (monoclonal 
gammopathy of undetermined significance). It is more commonly derived from the variable 
region of lambda light chain than kappa (75% vs. 25%) and rarely seen in association with 
heavy chains (AH-amyloidosis). Renal involvement is the most common manifestation in 
about 60–74% of cases and usually presents as nephrotic syndrome with progressive 
worsening of renal function (Kyle RA, Gertz MA,1995, Obici L,et al,2005). All compartments 
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of the kidney may be involved though predominant localisation is glomerulus. Renal failure 
at presentation is seen in 20% of patients generally observed with massive proteinuria and 
progresses to end-stage renal disease (ESRD) in ∼40% of patients over a median time of 35 
months (Bergesio F,et al,2008). In approximately 10% of patients, amyloid deposition occurs 
in the renal vasculature or tubulointerstitium rather than glomeruli, resulting in renal 
dysfunction without significant proteinuria.  

5.1 Pathogenesis of AL amyloidosis 

AL amyloid fibrils are derived from the N-terminal region of monoclonal immunoglobulin 
light chain which contains a variable (VL) domain. It is postulated that certain amino acid 
sequences for λ light chains change the thermodynamic stability and hydrophoby of the 
protein, leading to increased potential of fibril forming. It has been shown that λ VI light 
chains are more specifically associated with AL-amyloidosis (Solomon A,et al,1982). 
Furhermore posttranslational modifications of the light chains, such as glycosylation, may 
promote the amyloidogenic potential by protecting the fibril from degradation. β-pleated 
sheets are mainly responsible for the aggregation of light chains to form oligomers which do 
not dissolve in normal proteolysis and these aggregates are stabilized with other proteins, 
including glycosaminoglycans, proteoglycans, serum amyloid P (SAP), fibronectin and 
apolipoprotein E. 

Mesangium is the initial site of the glomerular injury and amyloid fibrils replace the normal 
mesangial matrix by endocytosis of mesangial cells and transporting into lysosomes. 
Extracellular amyloid fibrils also stimulate the activation of matrix metalloproteinases 
(MMPs) and inhibit TGF- β as a regulator of matrix production, result in decreased synthesis 
of mesangial matrix. Tissue architecture is destroyed by amyloid deposits with its secondary 
effects on matrix and also direct toxicity, thus glomerular damage occurs which leads to 
renal failure. 

5.2 Diagnosis of AL amyloidosis 

AL amyloidosis is a rare disorder and it is difficult to diagnose because of nonspecific early 
clinic manifestations before specific organ failure occurs. Its diagnosis should be suspected 
in any patient with non-diabetic nephrotic syndrome, peripheral neuropathy, hypertrophic 
cardiomyopathy, hepatomegaly and macroglossia, especially when they are associated in a 
patient with typical age of >60 and male sex. 

All amyloidosis-suspected patients need the diagnosis which is confirmed histologically. 
Abdominal subcutaneous fat aspiration is recommended as the initial minimal invasive 
diagnostic procedure and when it is combined with bone marrow biopsy, amyloid deposits 
may be identified in 90% of patients. If both examinations are negative, then a renal biopsy 
may be indicated and diagnostic in >95% of patients with manifest renal disease. 
Histopathological assessment characteristically contains congo red-positive staining leads to 
the apple-green birefringence under the polarized light microscopy. Amyloid deposits are 
always seen as diffuse amorphous hyaline material in glomeruli especially in mesangium 
and also in the wall of blood vessels. Electrophoresis with serum (71% sensitivity) and urine 
(84% sensitivity) immunofixation needs to be performed in all patients . after confirming the 
histopathologic diagnosis, to differentiate the type of amyloidosis Quantitative Ig 
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dysfunction (P=0.003), indicating that bortezomib is more effective than dexamethasone in 
overcoming the poor prognostic effect of renal failure. Toxicity of bortezomib was similar 
between subgroups (San Miguel JF,et al,2008). 

In a retrospective analysis of 24 relapsed or refractory myeloma patients who were all 
dialysis-dependent, overall response rate was reported 75% with complete or near complete 
renal response (CR or nCR) rate of 30%. Three patients became dialysis-independent after 
bortezomib therapy and safety profile of bortezomib was found similar in any stage of renal 
impairment (Chanan-Khan AA,et al,2007). In a phase II study that assessed the efficacy of 
BDD (bortezomib + doxorubicin + dexamethasone) therapy in patients with multiple 
myeloma with light chain-induced acute renal failure, myeloma response and renal 
response were obtained in 72% and 62% of patients respectively. Survivals were not 
different between patients with and without renal response but was lower in previously 
treated patients (P <0 .001) (Ludwig H,et al,2009). 

VISTA (Velcade as Initial Standard Therapy in multiple myeloma: Assessment with 
melphalan and prednisone) is the largest analysis of a phase III trial comparing VMP 
(bortezomib+melphalan+prednisone) and MP (melphalan+prednisone) combinations in 
myeloma patients with renal impairment. Response rates were higher and TTP and OS 
longer with VMP versus MP across renal cohorts. Response rates in VMP arm and TTP in 
both arms did not appear significantly different between patients with CrCl ≤ 50 or >50 
ml/min; OS appeared slightly longer in patients with normal renal function in both arms. 
Renal impairment reversal was seen in 49 of 111 (44%) patients receiving VMP versus 40 of 
116 (34%) patients receiving MP. In both arms, rates of grade 3 and 4 adverse events 
appeared higher in patients with renal impairment; with VMP, rates of discontinuations or 
bortezomib dose reductions due to adverse effects did not appear affected (Dimopoulos 
MA,et al,2009). 

According to the consensus statement on behalf of the International Myeloma Working 
Group, high dose dexamethasone and bortezomib are the recommended treatment for MM 
in patients with any degree of renal impairment especially for those with light chain cast 
nephropathy.  
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Light-chain amyloidosis (AL) is the most common form of systemic amyloidosis in western 
countries, with an estimated incidence of 0.8 per 100,000 person years. This entity is 
characterized by tissue deposits of insoluble immunoglobulin light chain fragments which 
polymerize into extracellular amyloid fibrils with a typical β-pleated sheet secondary 
structure. Amyloid deposits derived from light chains accumulate in normal tissues like 
most commonly in the kidney, heart, liver and peripheral nervous system, resulting in 
structural organ dysfunction. It may be associated with an underlying plasma cell disorder 
like multiple myeloma, Waldenström Macroglobulinemia or MGUS (monoclonal 
gammopathy of undetermined significance). It is more commonly derived from the variable 
region of lambda light chain than kappa (75% vs. 25%) and rarely seen in association with 
heavy chains (AH-amyloidosis). Renal involvement is the most common manifestation in 
about 60–74% of cases and usually presents as nephrotic syndrome with progressive 
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of the kidney may be involved though predominant localisation is glomerulus. Renal failure 
at presentation is seen in 20% of patients generally observed with massive proteinuria and 
progresses to end-stage renal disease (ESRD) in ∼40% of patients over a median time of 35 
months (Bergesio F,et al,2008). In approximately 10% of patients, amyloid deposition occurs 
in the renal vasculature or tubulointerstitium rather than glomeruli, resulting in renal 
dysfunction without significant proteinuria.  

5.1 Pathogenesis of AL amyloidosis 

AL amyloid fibrils are derived from the N-terminal region of monoclonal immunoglobulin 
light chain which contains a variable (VL) domain. It is postulated that certain amino acid 
sequences for λ light chains change the thermodynamic stability and hydrophoby of the 
protein, leading to increased potential of fibril forming. It has been shown that λ VI light 
chains are more specifically associated with AL-amyloidosis (Solomon A,et al,1982). 
Furhermore posttranslational modifications of the light chains, such as glycosylation, may 
promote the amyloidogenic potential by protecting the fibril from degradation. β-pleated 
sheets are mainly responsible for the aggregation of light chains to form oligomers which do 
not dissolve in normal proteolysis and these aggregates are stabilized with other proteins, 
including glycosaminoglycans, proteoglycans, serum amyloid P (SAP), fibronectin and 
apolipoprotein E. 

Mesangium is the initial site of the glomerular injury and amyloid fibrils replace the normal 
mesangial matrix by endocytosis of mesangial cells and transporting into lysosomes. 
Extracellular amyloid fibrils also stimulate the activation of matrix metalloproteinases 
(MMPs) and inhibit TGF- β as a regulator of matrix production, result in decreased synthesis 
of mesangial matrix. Tissue architecture is destroyed by amyloid deposits with its secondary 
effects on matrix and also direct toxicity, thus glomerular damage occurs which leads to 
renal failure. 

5.2 Diagnosis of AL amyloidosis 

AL amyloidosis is a rare disorder and it is difficult to diagnose because of nonspecific early 
clinic manifestations before specific organ failure occurs. Its diagnosis should be suspected 
in any patient with non-diabetic nephrotic syndrome, peripheral neuropathy, hypertrophic 
cardiomyopathy, hepatomegaly and macroglossia, especially when they are associated in a 
patient with typical age of >60 and male sex. 

All amyloidosis-suspected patients need the diagnosis which is confirmed histologically. 
Abdominal subcutaneous fat aspiration is recommended as the initial minimal invasive 
diagnostic procedure and when it is combined with bone marrow biopsy, amyloid deposits 
may be identified in 90% of patients. If both examinations are negative, then a renal biopsy 
may be indicated and diagnostic in >95% of patients with manifest renal disease. 
Histopathological assessment characteristically contains congo red-positive staining leads to 
the apple-green birefringence under the polarized light microscopy. Amyloid deposits are 
always seen as diffuse amorphous hyaline material in glomeruli especially in mesangium 
and also in the wall of blood vessels. Electrophoresis with serum (71% sensitivity) and urine 
(84% sensitivity) immunofixation needs to be performed in all patients . after confirming the 
histopathologic diagnosis, to differentiate the type of amyloidosis Quantitative Ig 
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measurement, Ig-free light chain λ and κ testing, 24-hour urine total protein measurement 
(more than 0.5 g per day; mainly albumin), complete blood count, creatinine level, alkaline 
phosphatase level, measurement of troponin, brain natriuretic peptide, or N-terminal pro–
brain natriuretic peptide levels, and echocardiography should be the following 
examinations for a complete diagnosis of AL amyloidosis. 

5.3 Prognosis and treatment of AL amyloidosis 

The survival of patients with amyloidosis is considerably variable, depending on some 
prognostic factors like the presence of coexisting myeloma, the number of organs involved 
especially the presence and severity of cardiac involvement, and response to therapy. 
Although the median survival is ranging from 12 to 18 months in different series, by the 
developments in treatment approaches, quality of life and survival have been considerably 
improved. In a retrospective analysis of 147 patients with AL amyloidosis, 20 patients had 
concurrent multiple myeloma and patients with both AL and myeloma had a significantly 
worse prognosis than those with AL alone with OS as 14 versus 32 months (Pardanani A,et 
al,2003). In a prospective study of 220 patients with primary systemic amyloidosis, the most 
important prognostic factor was reported as cardiac involvement and it was associated with 
the poorest prognosis with median survival less than 6 months. Nephrotic syndrome and 
renal failure were also poor prognostic factors with median survival rates of 15 and 16 
months respectively, compared with 26 months in patients with normal renal function 
(P=0.007) (Kyle RA,et al,1997) 

Standart cytotoxic chemotherapies have been widely used in last decades to inhibit the 
production of amyloidogenic light chains which usually include melphalan and prednisone 
or high dose dexamethasone. In a few small studies; combination of melphalan+prednisone 
achieved a reduction or complete resolution of proteinuria and improvement in renal 
function (Cohen J,et al,1975, Benson MD,1986). In a phase 2 study of 45 patients who were 
ineligible for ASCT, the combination of high-dose dexamethasone with melphalan was 
found more effective with a hematological response of 67% and functional organ 
improvement as 48% (Palladini G,et al,2004).  

Although thalidomide is poorly tolerated by amyloidosis patients and treatment-related 
toxicity is frequent, with dose escalation, thalidomide+dexamethasone can be considered an 
option, alone or in combination with cyclophosphamide for the treatment of patients who 
relapse after melphalan-dexamethasone or ASCT. In a trial of 75 patients which compared 
the safety and efficacy of CTD in standart and attenuated doses, organ responses were 
found in 31% of the 48 hematologic responders, but no patient with ESRD became dialysis 
independent and no objective cardiac responses were observed. (Wechalekar AD,et al,2007) 
Lenalidomide also has been combined with dexamethasone in the treatment of AL 
amyloidosis and a phase 2 trial demonstrated that haematologic response rate was 67% and 
41% of the patients with renal involvement experienced more than 50% reduction in urinary 
protein excretion without worsening of renal function (Sanchorawala V,et al,2007). Recent 
studies have suggested that bortezomib with or without dexamethasone is significantly 
active in AL amyloidosis and induces rapid responses and high rates of hematologic and 
organ responses. In a retrospective report which includes the AL patients who were treated 
or untreated previously, overall response rates were found 81% and 76% respectively, with 
bortezomib+dexamethasone combination (Kastritis E,et al,2010). In a case report of an AL 
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patient who have stage V renal disease with hemodialysis support and age above 65 years, 
relatvelygood response with acceptable tolerance has been shown with bortezomib+high-
dose dexamethasone regimen (Mello RA,et al,2011). 

In a selected patient group who are eligible for ASCT, by using a risk-adapted approach 
such as dose escalation of melphalan in patients with renal dysfunction, use of 
myeloablative chemotherapy followed by ASCT may be the most successful approach. In a 
study of 123 AL patients treated with high-dose melphalan followed by ASCT, renal 
response was noted in 43.4% of the patients with a better survival. It was also found that the 
severity of proteinuria was an independent predictor of renal response after ASCT and the 
recovery of renal function and prevention of ESRD after ASCT depended on the the degree 
of preexisting damage to the kidney (Leung N,et al,2007). 

6. Monoclonal Immunoglobulin Deposition Disease (MIDD) 
Nonamyloidotic monoclonal Ig deposition disease (MIDD) is characterized by deposition of 
monoclonal Ig subunits in kidney with an excess accumulation of extracellular matrix, 
leading to nodular sclerosing glomerulopathy, interstitial fibrosis, proteinuria, and renal 
insufficiency. According to the Ig deposition type, three subtypes of MIDD have been 
described, including light chain DD (LCDD), light-and heavy-chain (LHCDD) and heavy 
chain DD (HCDD). LCDD is the most prevalent subtype and found in 5% of patients with 
myeloma at autopsy series (Ivanyi B,1990). The most common cause is myeloma with the 
ratio of 65%, however 32% of cases are not associated with a manifested haematologic 
disorder. Although they are similar entities, in comparison to AL amyloidosis, the deposited 
light chains are kappa chains in 85% of LCDD cases, do not have a fibrillar organization and 
do not bind congo red. The majority of patients have a severe renal insufficiency with a 
median serum creatinine level of 3.8 mg/dl and usually tend to present with a higher serum 
creatinine concentration and lower rate of protein excretion than patients with AL 
amyloidosis (Harris AA,et al,1997). Cardiac, hepatic or small intestinal involvement also 
may be seen in MIDD.  

6.1 Pathogenesis of MIDD 

Initial process in MIDD usually includes the interaction between abnormal kappa chain (κ-I 
or κ-IV) and the mesangial cells of the glomerulus. Light chains were shown to stimulate the 
mesangial proliferation and secretion of transforming growth factor-beta (TGF-β) (Zhu L,et 
al,1995). TGF-β increases the production of collagen IV, laminin, and fibronectin which are 
deposited in the extracellular matrix (ECM) of the kidneys and also decrease the levels of 
collagenase, metalloproteinases, serin protease and other enzymes that degrades matrix 
proteins. Progressive light chain deposition and accumulation of ECM components 
inevitably lead to organ fibrosis and dysfunction. In MIDD, deposits predominantly 
localized in the tubular basement membranes and Bowman’s capsule rather than in the 
glomeruli, though nodular glomerulosclerosis is present 60% of cases associated with a 
nephrotic range proteinuria. Tubular lesions are characterized by the deposition of a 
granular, punctuate, eosinophilic, periodic acid-Schiff (PAS)-positive, ribbon-like material 
along the interstitial side of the tubular basement membrane in electron microscopy. 
Glomerular lesions are usually associated with diffuse mesangial expansion by PAS positive 
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brain natriuretic peptide levels, and echocardiography should be the following 
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function (Cohen J,et al,1975, Benson MD,1986). In a phase 2 study of 45 patients who were 
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found more effective with a hematological response of 67% and functional organ 
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toxicity is frequent, with dose escalation, thalidomide+dexamethasone can be considered an 
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relapse after melphalan-dexamethasone or ASCT. In a trial of 75 patients which compared 
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independent and no objective cardiac responses were observed. (Wechalekar AD,et al,2007) 
Lenalidomide also has been combined with dexamethasone in the treatment of AL 
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41% of the patients with renal involvement experienced more than 50% reduction in urinary 
protein excretion without worsening of renal function (Sanchorawala V,et al,2007). Recent 
studies have suggested that bortezomib with or without dexamethasone is significantly 
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myeloablative chemotherapy followed by ASCT may be the most successful approach. In a 
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response was noted in 43.4% of the patients with a better survival. It was also found that the 
severity of proteinuria was an independent predictor of renal response after ASCT and the 
recovery of renal function and prevention of ESRD after ASCT depended on the the degree 
of preexisting damage to the kidney (Leung N,et al,2007). 

6. Monoclonal Immunoglobulin Deposition Disease (MIDD) 
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leading to nodular sclerosing glomerulopathy, interstitial fibrosis, proteinuria, and renal 
insufficiency. According to the Ig deposition type, three subtypes of MIDD have been 
described, including light chain DD (LCDD), light-and heavy-chain (LHCDD) and heavy 
chain DD (HCDD). LCDD is the most prevalent subtype and found in 5% of patients with 
myeloma at autopsy series (Ivanyi B,1990). The most common cause is myeloma with the 
ratio of 65%, however 32% of cases are not associated with a manifested haematologic 
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do not bind congo red. The majority of patients have a severe renal insufficiency with a 
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amyloidosis (Harris AA,et al,1997). Cardiac, hepatic or small intestinal involvement also 
may be seen in MIDD.  

6.1 Pathogenesis of MIDD 

Initial process in MIDD usually includes the interaction between abnormal kappa chain (κ-I 
or κ-IV) and the mesangial cells of the glomerulus. Light chains were shown to stimulate the 
mesangial proliferation and secretion of transforming growth factor-beta (TGF-β) (Zhu L,et 
al,1995). TGF-β increases the production of collagen IV, laminin, and fibronectin which are 
deposited in the extracellular matrix (ECM) of the kidneys and also decrease the levels of 
collagenase, metalloproteinases, serin protease and other enzymes that degrades matrix 
proteins. Progressive light chain deposition and accumulation of ECM components 
inevitably lead to organ fibrosis and dysfunction. In MIDD, deposits predominantly 
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glomeruli, though nodular glomerulosclerosis is present 60% of cases associated with a 
nephrotic range proteinuria. Tubular lesions are characterized by the deposition of a 
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and Congo red negative nonfibrillar matrix that focally forms nodules. Deposits may also be 
seen in renal vasculature with same staining properties. 

6.2 Diagnosis of MIDD 

LCDD should be considered in the differential diagnosis of any patients with nephrotic 
syndrome and renal insufficiency of unknown origin. Standart testing procedure should be 
administered initially as in other plasma cell dyscrasias, and in most of the patients, 
elevated ratio of κ/λ free light chains in the serum and urine and a predominance of κ light 
chain–positive plasma cells on bone marrow biopsy help to confirm LCDD diagnosis. 
However, approximately 25% of patients have no demonstrable light chain in serum or 
urine by immunoelectrophoresis or immunofixation. A definitive diagnosis of LCDD is 
based on renal biopsy with elaborate histological examination and electron microscopy. 
Characteristic light microscopic, immunofluorescence, and electron microscopic findings 
which are mentioned before are the important keys for the diagnosis. 

6.3 Prognosis and treatment of MIDD 

The median survival of a patient with MIDD is 4 years, with survival at 1 yr and 8 yr of 66% 
and 31%, respectively. In largest studies, the variables that were independently associated 
with a worse patient survival were shown as age, initial creatinine, underlying multiple 
myeloma, and extrarenal LC deposition. Median time to progression to ESRD was reported 
to be 2.7 years and the 5-year uremia free survival was 37%. The only variables that were 
independently associated with renal survival were age and degree of renal insufficiency at 
presentation (Pozzi C,et al,2003). Renal and patient survivals were significantly worse in 
patients with LCDD who had coexisting cast nephropathy (Lin J,et al,2001). 

Therapy of MIDD is similar to that for multiple myeloma and the main goal is to reduce Ig 
production in order to preserve renal function and improve survival. Combination of 
melphalan and prednisone has been used, but the response rates have been low with an 5 yr 
patient and renal survival of 70% and 37%, respectively. In patients with a serum creatinine 
< 4 mg/dl at presentation, stabilization or improvement in renal function after 
chemotherapy was found 60%, whereas 82% of patients with a serum creatinine >4 mg/dl 
progressed to ESRD despite therapy (Heilman RL,et al,1992). A combination of high-dose 
melphalan and autologous stem cell transplantation was reported to improve renal function 
without excessive morbidity or mortality. The largest study of ASCT in MIDD revealed that, 
serum creatinine improved by 50% or more in 4 of 11 patients and the nephrotic syndrome 
resolved in all, after ASCT (Royer B,et al,2004). In another study, patients who survived 
ASCT, high-dose chemotherapy and ASCT led to a median reduction in proteinuria of 92% 
and median improvement in GFR as 95% (Lorenz EC,et al,2008). Renal transplantation is 
associated with recurrence of LCDD in the transplanted kidney and effective chemotherapy 
or ASCT should be administered concurrently to control the underlying plasma cell 
dyscrasia. It is well established that bortezomib decreases TGF-β expression through 
inhibiting the NFκB pathway, thus recent researches focus on bortezomib-based 
chemotherapy in the treatment of MIDD and it appears to be safe and effective for the 
patients with renal dysfunction (Gharwan H, Truica CI,2011).  
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7. Renal tubular dysfunction 
Multiple myeloma is the most common cause of proximal renal tubular acidosis in the adult. 
The toxic effect of light chains may be limited to tubular dysfunction and presented without 
renal insufficiency. This entity commonly occurs with kappa light chains. Some biochemical 
characteristics in the variable domain of the light chain has the capacity for resistance to 
protease degradation and a tendency to accumulate in tubule epithelial cells and form 
intracellular crystal formation. By the released intracellular lysosomal enzymes and the 
direct toxic effects of light chains, tubular damage occurs and clinic presentation includes 
the symptoms of Fanconi syndrome. Proximal renal tubular acidosis with loosing the 
potassium, phosphate, uric acid and bicarbonate resuting in aminoaciduria, renal 
glycosuria, hypophosphatemia, hyperchloremic metabolic acidosis, hypokalemia, 
proteinuria of tubular origin, and hypouricemia. Osteomalacia, chronic renal failure and 
chronic acidosis are the most common manifestations of Fanconi syndrome related to light 
chains. Episodes of dehydration may be seen due to polyuria and polydipsia. Furthermore, 
myeloma kidney may be aggravated with proximal dysfunction because of reduced light 
chain reabsorption and elevated precipitation in the distal nephron. With appropriate 
therapeutic management of underlying myeloma and vitamin D, calcium, and phosphorus 
supplementation for osteomalasic patients, considerable improvement can be obtained. 

8. Conclusion 
As we have tried to summarize above, kidney should be accepted one of the main targets in 
the course of myeloma especially in the diagnosis and treatment. Early diagnosis and 
prevention could result in preventing many renal complications and potential hazards 
during treatment period and if planned, stem cell transplantation. 
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and Congo red negative nonfibrillar matrix that focally forms nodules. Deposits may also be 
seen in renal vasculature with same staining properties. 
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syndrome and renal insufficiency of unknown origin. Standart testing procedure should be 
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elevated ratio of κ/λ free light chains in the serum and urine and a predominance of κ light 
chain–positive plasma cells on bone marrow biopsy help to confirm LCDD diagnosis. 
However, approximately 25% of patients have no demonstrable light chain in serum or 
urine by immunoelectrophoresis or immunofixation. A definitive diagnosis of LCDD is 
based on renal biopsy with elaborate histological examination and electron microscopy. 
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which are mentioned before are the important keys for the diagnosis. 
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The median survival of a patient with MIDD is 4 years, with survival at 1 yr and 8 yr of 66% 
and 31%, respectively. In largest studies, the variables that were independently associated 
with a worse patient survival were shown as age, initial creatinine, underlying multiple 
myeloma, and extrarenal LC deposition. Median time to progression to ESRD was reported 
to be 2.7 years and the 5-year uremia free survival was 37%. The only variables that were 
independently associated with renal survival were age and degree of renal insufficiency at 
presentation (Pozzi C,et al,2003). Renal and patient survivals were significantly worse in 
patients with LCDD who had coexisting cast nephropathy (Lin J,et al,2001). 
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melphalan and prednisone has been used, but the response rates have been low with an 5 yr 
patient and renal survival of 70% and 37%, respectively. In patients with a serum creatinine 
< 4 mg/dl at presentation, stabilization or improvement in renal function after 
chemotherapy was found 60%, whereas 82% of patients with a serum creatinine >4 mg/dl 
progressed to ESRD despite therapy (Heilman RL,et al,1992). A combination of high-dose 
melphalan and autologous stem cell transplantation was reported to improve renal function 
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serum creatinine improved by 50% or more in 4 of 11 patients and the nephrotic syndrome 
resolved in all, after ASCT (Royer B,et al,2004). In another study, patients who survived 
ASCT, high-dose chemotherapy and ASCT led to a median reduction in proteinuria of 92% 
and median improvement in GFR as 95% (Lorenz EC,et al,2008). Renal transplantation is 
associated with recurrence of LCDD in the transplanted kidney and effective chemotherapy 
or ASCT should be administered concurrently to control the underlying plasma cell 
dyscrasia. It is well established that bortezomib decreases TGF-β expression through 
inhibiting the NFκB pathway, thus recent researches focus on bortezomib-based 
chemotherapy in the treatment of MIDD and it appears to be safe and effective for the 
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Multiple myeloma is the most common cause of proximal renal tubular acidosis in the adult. 
The toxic effect of light chains may be limited to tubular dysfunction and presented without 
renal insufficiency. This entity commonly occurs with kappa light chains. Some biochemical 
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chronic acidosis are the most common manifestations of Fanconi syndrome related to light 
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myeloma kidney may be aggravated with proximal dysfunction because of reduced light 
chain reabsorption and elevated precipitation in the distal nephron. With appropriate 
therapeutic management of underlying myeloma and vitamin D, calcium, and phosphorus 
supplementation for osteomalasic patients, considerable improvement can be obtained. 
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As we have tried to summarize above, kidney should be accepted one of the main targets in 
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1. Introduction 
High dose melphalan supported by autologous hematopoietic cell transplantation (AHCT) 
has been shown to prolong survival and decrease relapse rates compared to conventional 
chemotherapies in elligible patients with plasma cell myeloma (PCM) (Attal et al., 1996; 
Child et al., 2003; Fermand et al., 2005; Koreth et al., 2007; Palumbo et al., 2004). Patients 
who are considered candidates for high dose therapy receive 2-4 cycles of non-melphalan 
containing induction therapies followed by peripheral blood progenitor cell(PBPC) 
mobilization and collection. Pateints proceed to high dose melphalan (200 mg/m2) 
supported with AHCT. High dose melphalan and AHCT has been the gold standard 
treatment approach in patients with PCM younger than 65 but can be extended to mid-70’s 
in patients otherwise in good performance status. Second AHCT has been shown to increase 
survival, especially those who could not achieve very good partial response (VGPR) after 
the first AHCT (Attal et al., 2003, Barlogie et al., 2006). Additionally, patients who had a long 
progression free survival after the first transplantation may benefit from salvage 
transplantation at relapse (Ljungman et al., 2010). These advances have mandated the 
mobilization and collection of PBPCs adequate for double transplants. Although not 
prospectively studied, the traditional minimum and optimum CD34+ cell dose limits have 
been 2 x 106/kg and ≥ 4 x 106/kg for single ; 4 x 106/kg and ≥ 8-10 x106/kg for double 
AHCT, respectively (Bensinger et al., 1995, Giralt et al., 2009). Therefore, successfull stem 
cell mobilization and collection are crucial for treatment of PCM. Risk factors such as age 
>60 years, the extend of prior chemotherapy or radiotherapy and prolonged disease 
duration are recognized predictors for poor mobilization. The induction treatment given 
before the process of PBPC mobilization and collection should not be toxic to the bone 
marrow. It has been clearly revealed over the past decades that the traditional induction 
regimens; vincristine, adriamycin, dexamathasone (VAD) or single agent dexamathasone 
have no impact on PBPC mobilization. However, today, they have been completely replaced 
with novel agents which are associated with better response rates. During the recent years, 
the impact of these novel induction agents (thalidomide, lenalidomide and bortezomib) on 
PBPC mobilization have been of major concern. Although the classical PBPC mobilization 
methods (G-CSF alone or G-CSF after chemotherapy) have been generally successful in 
PCM, there is still a considerable amount of mobilization failures. Studies have been focused 
on the investigational agents alone or in conjunction with G-CSF to imrove PBPC 
mobilization efficiency, prevent mobilization failures and the need for second or subsequent 
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mobilization attempts which often delay the timely performance of the transplantation and 
increase the morbidity and the cost. In this chapter, we will focus on the current stem cell 
mobilization strategies as well as the novel mobilizing agents in PCM and the impact of 
novel anti-myeloma drugs on PBPC mobilization. 

2. Mobilization approaches in PCM 
2.1 G-CSF alone 

The optimal PBPC mobilization strategy in PCM is unclear. Both growth factor alone or 
chemotherapy followed by growth factor (chemomobilization) have been the most 
frequently used approaches. In growth factor-only mobilization, recombinant human 
granulocyte-colony stimulating factor (G-CSF) is commonly administered at 10 μg/kg/day 
s.c. for 4 days , PBPCs are collected from day 5 onwards and G-CSF continued until the last 
day of apheresis. PBPCs are collected by continuous flow apheresis procedure often 
processing 2-2.5 times the patient’s blood volume. CD34+ cell enumeration is performed by 
flow cytometry according to the ISHAGE guidelines(Sutherland et al., 1996). The stem cell 
product is then cryopreseved until use for AHCT. Recombinant human G-CSF is reliable, 
with predictable mobilization efficiency. The most common toxicities observed during G-
CSF administration such as bone pain, low grade fever, headache, are generally managable. 
However, G-CSF may be associated with rare serious adverse events such as spontaneous 
splenic rupture, thrombosis, flare of autoimmune disease and precipitation of sickle crisis 
(Cashen et al., 2007).  

2.2 G-CSF analogs 

2.2.1 Filgrastim and lenograstim 

Filgrastim (Neupogen, F Hoffmann-La Roche, Basel, Switzerland) and lenograstim 
(Granocyte, Chugai-Aventis Pharmaceuticals, France) are nonglycosylated and glycosylated 
analogs of recombinant human G-CSF approved for PBPC mobilization. Studies 
investigating the patients with hematological malignancies who underwent PBSC 
mobilization for AHCT could not demonstrate any difference between glycosylated and 
non-glycosylated G-CSF in terms of both efficacy and toxicity (Kopf et al., 2006; Lefrere et 
al., 1999). The glycosylation of G-CSF contributes to a greater chemical-physical stability of 
lenograstim: the glycosylated G-CSF is more stable and resistant to degradation. The 
recommended dosage of lenograstim when used alone for PBPC mobilization is 5 μ/kg/day 
(s.c./i.v.). On the other hand, equal doses of 10 μ/kg/day of filgrastim and lenograstim 
have been recommended for mobilization of CD34+ cells without associated chemotherapy. 
However, a recent study has suggested that lower dose (7.5 μ/kg/day) of glycosylated G-
CSF may be as effective as the standard dose of non-glycosylated G-CSF for PBPC 
mobilization in patients undergoing AHCT (Ataergin et al., 2008).  

2.2.2 Pegfilgrastim 

Pegylated G-CSF (pegfilgrastim, Neulasta, Amgen Inc.,CA, USA) is currently approved by 
the US FDA for prevention of prolonged neutropenia after chemotherapy for nonmyeloid 
malignancies (Neulasta; package insert). Its potential in PBPC mobilization is currently 
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being explored. Due to its long plasma half-life compared to unconjugated G-CSF (33 vs 4-6 
hours), it has the advantage of maintaining clinically effective serum levels over about two 
weeks after a single 6mg s.c. administration and achieving patient compliance. Its effect is 
self-limited and is terminated with cellular uptake by the recovering neutrophils (Hunter et 
al., 2003; Molineux et al., 1999). Clinical studies have demonstrated that pegfilgrastim is at 
least as efficient as filgrastim in mobilizing PBPCs after chemotherapy and this effect was 
not dose dependent. Pegfilgrastim was associated with a more rapid leukocyte recovery and 
an earlier performance of the first apheresis procedure in comparison to unconjugated G-
CSF in PCM patients (Bruns et al., 2006; Fruehauf et al., 2007; Stiedl et al., 2005). 
Additionally, in a tandem transplant study, PBPC mobilization with chemotherapy plus 
pegfilgrastim in 237 PCM patients, a second booster injection of 6mg pegfilgrastim on day 
13 after an initial administration on day 6, improved the serum G-CSF concentrations and 
the mobilization results (Tricot et al., 2008). In contrast to mobilization after chemotherapy, 
growth factor-only mobilization requires higher doses of pegfilgrastim to provide effective 
serum G-CSF levels (Hosing et al., 2006; Willis et al., 2009). However, this approach is not 
cost-effective when compared with unconjugated G-CSF. Pegfilgrastim is well tolerated 
with an advese event profile similar to that of unconjugated G-CSF. Bone pain is the most 
common complaint and a case of splenic rupture that may not have been related to 
pegfilgrastim was reported in one trial (Fenk et al., 2006). 

2.3 Chemomobilization 

The standard chemomobilization in myeloma consists of cyclophosphamide(CY) plus 
growth factor (Goldschmidt et al., 1996). High dose CY has been prefered in patients who 
fail initial mobilization attempt with growth factor only or for patients who could not 
achieve at least partial remission after induction regimens with the hope to control the 
high tumor burden before transplantation. However, it has been demonstrated that high 
dose CY does not increase overall complete remission rates or improve the time to 
progression for patients with myeloma undergoing AHCT (Dingli et al., 2006). At our 
center, CY 4 gr/m2 with the same dose MESNA to prevent hemorrhagic cystitis is 
administered on day 1 and recombinant human G-CSF (10 μg/kg/day, in two divided 
doses) is started either on day 4 or day 7. The optimal timing for G-CSF initiation has not 
been determined conclusively. We have demonstrated that late (day 7) administration of 
G-CSF was as efficient and more cost-effective than early administration (Ozcelik et al., 
2009). Flow cytometric quantification of peripheral blood(PB) CD34+ cells is performed 
when the WBC count reaches >1000/μl from the chemotherapy induced nadir. The 
apheresis is started when PB CD34+ cell count exceeds 10 cells/μl and continued until 
adequate number of CD34+ cells are collected usually for 1-3 apheresis procedures. 
Transfusion support should be given to keep the pre-apheresis Hb and platelet counts at ≥ 
10gr/dl and ≥ 20 000-30 000/μl, respectively. 

The dose of CY reported for mobilization has ranged from 1.5 to 7 gr/m2. Retrospective 
studies comparing CY doses of 4 gr/m2 versus 7 gr/m2 and 1.2-2 gr/m2 versus 4 gr/m2 have 
favored lower doses because of similar stem cell mobilization efficiency but with 
considerably lower toxicity (Fitoussi et al., 2001; Jantunen et al., 2003). In a randomized 
study in myeloma patients comparing single dose 7 g/m2 with 2.4 g/m2 , higher number 
CD34+ cells were collected on the first apheresis day and there was a lower consumption of 



 
Multiple Myeloma – An Overview 

 

242 

mobilization attempts which often delay the timely performance of the transplantation and 
increase the morbidity and the cost. In this chapter, we will focus on the current stem cell 
mobilization strategies as well as the novel mobilizing agents in PCM and the impact of 
novel anti-myeloma drugs on PBPC mobilization. 

2. Mobilization approaches in PCM 
2.1 G-CSF alone 

The optimal PBPC mobilization strategy in PCM is unclear. Both growth factor alone or 
chemotherapy followed by growth factor (chemomobilization) have been the most 
frequently used approaches. In growth factor-only mobilization, recombinant human 
granulocyte-colony stimulating factor (G-CSF) is commonly administered at 10 μg/kg/day 
s.c. for 4 days , PBPCs are collected from day 5 onwards and G-CSF continued until the last 
day of apheresis. PBPCs are collected by continuous flow apheresis procedure often 
processing 2-2.5 times the patient’s blood volume. CD34+ cell enumeration is performed by 
flow cytometry according to the ISHAGE guidelines(Sutherland et al., 1996). The stem cell 
product is then cryopreseved until use for AHCT. Recombinant human G-CSF is reliable, 
with predictable mobilization efficiency. The most common toxicities observed during G-
CSF administration such as bone pain, low grade fever, headache, are generally managable. 
However, G-CSF may be associated with rare serious adverse events such as spontaneous 
splenic rupture, thrombosis, flare of autoimmune disease and precipitation of sickle crisis 
(Cashen et al., 2007).  

2.2 G-CSF analogs 

2.2.1 Filgrastim and lenograstim 

Filgrastim (Neupogen, F Hoffmann-La Roche, Basel, Switzerland) and lenograstim 
(Granocyte, Chugai-Aventis Pharmaceuticals, France) are nonglycosylated and glycosylated 
analogs of recombinant human G-CSF approved for PBPC mobilization. Studies 
investigating the patients with hematological malignancies who underwent PBSC 
mobilization for AHCT could not demonstrate any difference between glycosylated and 
non-glycosylated G-CSF in terms of both efficacy and toxicity (Kopf et al., 2006; Lefrere et 
al., 1999). The glycosylation of G-CSF contributes to a greater chemical-physical stability of 
lenograstim: the glycosylated G-CSF is more stable and resistant to degradation. The 
recommended dosage of lenograstim when used alone for PBPC mobilization is 5 μ/kg/day 
(s.c./i.v.). On the other hand, equal doses of 10 μ/kg/day of filgrastim and lenograstim 
have been recommended for mobilization of CD34+ cells without associated chemotherapy. 
However, a recent study has suggested that lower dose (7.5 μ/kg/day) of glycosylated G-
CSF may be as effective as the standard dose of non-glycosylated G-CSF for PBPC 
mobilization in patients undergoing AHCT (Ataergin et al., 2008).  

2.2.2 Pegfilgrastim 

Pegylated G-CSF (pegfilgrastim, Neulasta, Amgen Inc.,CA, USA) is currently approved by 
the US FDA for prevention of prolonged neutropenia after chemotherapy for nonmyeloid 
malignancies (Neulasta; package insert). Its potential in PBPC mobilization is currently 

 
Stem Cell Moblzaton in Multple Myeloma 

 

243 

being explored. Due to its long plasma half-life compared to unconjugated G-CSF (33 vs 4-6 
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common complaint and a case of splenic rupture that may not have been related to 
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growth factor (Goldschmidt et al., 1996). High dose CY has been prefered in patients who 
fail initial mobilization attempt with growth factor only or for patients who could not 
achieve at least partial remission after induction regimens with the hope to control the 
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CD34+ cells were collected on the first apheresis day and there was a lower consumption of 
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G-CSF with the lower-dose CY regimen, which also permitted collection to occur as an 
outpatient procedure and was more cost-effective (Petrucci et al., 2003). Hiwase et al in their 
retrospective analysis have demonstrated that compared with low dose (1-2 gr/m2) CY, 
patients receiving intermediate dose (3-4 gr/m2) CY were more likely to collect the CD34+ 
cell number (≥4 x106/kg) adequate for tandem transplant. Febrile neutropenia was more 
frequent in intermediate dose CY group (38% vs 13%) but the increased toxicity was 
managable and acceptable (Hiwase et al., 2007). In the light of these studies, most centers 
prefer 3-4 gr/m2 CY in their chemomobilization protocol (Gertz et al., 2010a).  

High dose CY plus G-CSF is very efficient for PBPC mobilization in PCM patients but when 
compared with growth factor-only mobilization, chemotherapy plus growth factor 
mobilizes higher number of PBPCs in lower number of apheresis procedures but with the 
cost of increased toxicity; nausea- emesis, neutropenic fever, non-staphylococal bacteremia, 
sepsis, hemorrhagic cystitis, cardiac toxicity, hospitalization, requirement for transfusion 
support and with mortality rate of 1-2%. Moreover, there is increased possibility of delayed 
engraftment after AHCT if transplanted early after (e.g. <30 days) stem cell procurement 
(Gertz et al., 2009; To et al., 1990).  

With the purpose of decreasing toxicity and at least preserving the efficiency, various 
alternative chemomobilization protocols with or without CY have also been investigated. 
Addition of etoposide (2 gr/m2) to CY (4.5 gr/m2) mobilization in a non-randomized 
study, resulted in increased toxicity without significant improvement in CD34+ cell yield 
(Gojo et al., 2004). In CAD protocol, CY (1gr/m2, day 1) was combined with doxorubicin 
(15 mg/m2, day 1-4) and dexamethasone (40 mg, day 1-4) followed by a single dose 12 mg 
pegfilgrastim on day 5. Eighty-eight percent of patients achieved their CD34+ cell harvest 
target of 7.5 x 106 CD34/kg following a median of two apheresis. Mobilization efficiency 
and engraftment following transplantation using pegfilgrastim was comparable to 
filgrastim and patients mobilized with CAD plus pegfilgrastim had decreased time to first 
apheresis (13 vs 15 days)(Fruehauf et al., 2007). The former common induction protocol 
VAD followed by daily G-CSF 10 μg/kg from day 10 to day 15 was found to be as 
effective and less toxic than high-dose CY followed by daily G-CSF 5 μg/kg from day 8 in 
newly diagnosed myeloma patients (Lefrère et al., 2006). Blood stem cell collection results 
after mobilization with combination chemotherapy containing ifosfamide, epirubicin, and 
etoposide (IEV) followed by G-CSF in myeloma were favorable and allowed to support a 
tandem transplantation procedure in younger and elder patients in 97 and 95%, 
respectively. Grade ¾ hematological toxicity was observed in majority of patients and 
extramedullary toxicity including nephrotoxicity and neurotoxicity in 5–10% (Straka et al., 
2003). IEV mobilized peripheral blood stem cells more efficiently than cyclophosphamide 
and etoposide, achieving a threshold of 6 x 106 CD34/kg in 97 vs. 71% with comparable 
major toxicities and similar tumor response rates, although there was one treatment-
related death due to septic shock in the IEV chemotherapy group (Hart et al., 2007). DCEP 
protocol includes dexamethasone (40 mg/d, day 1-4 ) , CY 400 mg/m2, etoposide 40 
mg/m2 and cisplatin 10 mg/m2, daily continuous infusion for 4 days and has proved to be 
an effective salvage therapy for relapsed/refractory myeloma patients. G-CSF 5 
μg/kg/day starting 48 h after the end of DCEP has been an effective mobilization 
protocol with 87 and 75% of patients achieving ≥ 2 x 106 and >4 x 106 /kg CD34+ cells, 
respectively (Lazzarino et al., 2001). The same group of investigators compared DCEP 
with CY (4 g/m2) followed by G-CSF and concluded that DCEP is better tolerated and 
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more effective than CY for PBPC mobilization. Moreover, high-dose CY has limited anti-
myeloma activity compared to DCEP. One study demonstrated the comparable efficiency 
and lower toxicity of shorter-infusional schedule of DCEP with respect to full-infusional 
schedule (Corso et al., 2002, 2005). Another study combined DCEP-short with a single 
dose 6mg s.c. pegfilgrastim and reported promising results (Zappasodi et al., 2008). In a 
pilot study, vinorelbin combined with CY 1.5 g/m2 had similar efficiency compared to CY 
4 g/m2 in PBPC mobilization and less toxicity and no requirement for hospitalization 
(Annunziata et al., 2006). Melphalan i.v. 60mg/m2 plus G-CSF 10 μg/kg/day was 
successful in mobilizing PBPC from myeloma patients. However, toxicity was notable and 
duration of mobilization was longer compared with CY 3 g/m2 (16.5 days vs 10 
days)(Gupta et al., 2005). Melphalan is a highly effective anti-myeloma drug but due to its 
stem cell toxicity, it is neither used for PBSC mobilization, nor recommended as an initial 
therapy for patients elligible for AHCT. In a retrospective analysis, single agent etoposide 
(1.5 g/m2) plus G-CSF was most potent at mobilizing PBPCs compared to CY (2-4 g/m2) 
plus G-CSF or G-CSF alone. Although the success rate for collecting the minimum CD34+ 
dose was similar in all groups, higher proportion of patients mobilized with etoposide 
could achieve the optimum dose required for tandem transplant. There was no difference 
in the progression free survival among the groups (Nakasone et al., 2009). Recently, in a 
retrospective single center review, intermediate dose etoposide (375 mg/m2, day 1 and 2) 
followed by G-CSF was found to be highly effective in myeloma patients including the 
high risk patients for mobilization failure (Wood et al., 2011). However, myelosuppressive 
mobilization regimens neither seem to have any anti-myeloma effects nor appear to 
improve outcome (Attal et al., 2003). And most centers no longer routinely use CY for 
patients in first plateau.  

3. High risk patients for mobilization failure  
Although there may be variations in each center’s definition of mobilization failure, 
generally it can be defined as lack of achievement of ≥ 2 x106/kg CD34+ yield after 3 
consecutive apheresis procedure or inability to start apheresis because of not reaching to >10 
CD34+ cells/μl of PB . Extensive BM involvement with malignancy, prior radiotherapy 
especially to marrow-rich sites, prior treatment with alkylating agents, prior multiple 
chemotherapy regimens and older age have been associated with increased risk of 
mobilization failure (Bensinger et al., 2009; Demirer et al., 1996; Leung et al., 2010). Although 
the number of CD34+ cells collected decreases with increasing age, the experience has 
revealed that sufficient stem cell yield for ≥ 1 AHCT can be safely obtained in elderly 
patients up to 69-72 years (Roncon et al., 2011; Tempescul et al., 2010). On the other hand, in 
one retrospective study including myeloma and lymphoma patients, the total number of 
cycles of previous chemotherapy and previous treatment with melphalan were more 
significant predictors of poor mobilization than sex, age or body weight (Wuchter et al., 
2010). Recently, prior prolonged exposure to novel agent lenalidomide has also been 
considered as a risk factor, which will be discussed later. With the current mobilization 
strategies about 5-10% of patients with PCM still end up with mobilization failure 
(Bensinger et al., 2009; Pusic et al., 2008). The classical strategy when patients fail G-CSF 
only mobilizations has been CY followed by G-CSF. However, this results in unnecessary 
exposure of the patients to chemotherapy toxicity for sole mobilization purposes, which 
means that novel PBPC mobilization approaches are required. 
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G-CSF with the lower-dose CY regimen, which also permitted collection to occur as an 
outpatient procedure and was more cost-effective (Petrucci et al., 2003). Hiwase et al in their 
retrospective analysis have demonstrated that compared with low dose (1-2 gr/m2) CY, 
patients receiving intermediate dose (3-4 gr/m2) CY were more likely to collect the CD34+ 
cell number (≥4 x106/kg) adequate for tandem transplant. Febrile neutropenia was more 
frequent in intermediate dose CY group (38% vs 13%) but the increased toxicity was 
managable and acceptable (Hiwase et al., 2007). In the light of these studies, most centers 
prefer 3-4 gr/m2 CY in their chemomobilization protocol (Gertz et al., 2010a).  

High dose CY plus G-CSF is very efficient for PBPC mobilization in PCM patients but when 
compared with growth factor-only mobilization, chemotherapy plus growth factor 
mobilizes higher number of PBPCs in lower number of apheresis procedures but with the 
cost of increased toxicity; nausea- emesis, neutropenic fever, non-staphylococal bacteremia, 
sepsis, hemorrhagic cystitis, cardiac toxicity, hospitalization, requirement for transfusion 
support and with mortality rate of 1-2%. Moreover, there is increased possibility of delayed 
engraftment after AHCT if transplanted early after (e.g. <30 days) stem cell procurement 
(Gertz et al., 2009; To et al., 1990).  

With the purpose of decreasing toxicity and at least preserving the efficiency, various 
alternative chemomobilization protocols with or without CY have also been investigated. 
Addition of etoposide (2 gr/m2) to CY (4.5 gr/m2) mobilization in a non-randomized 
study, resulted in increased toxicity without significant improvement in CD34+ cell yield 
(Gojo et al., 2004). In CAD protocol, CY (1gr/m2, day 1) was combined with doxorubicin 
(15 mg/m2, day 1-4) and dexamethasone (40 mg, day 1-4) followed by a single dose 12 mg 
pegfilgrastim on day 5. Eighty-eight percent of patients achieved their CD34+ cell harvest 
target of 7.5 x 106 CD34/kg following a median of two apheresis. Mobilization efficiency 
and engraftment following transplantation using pegfilgrastim was comparable to 
filgrastim and patients mobilized with CAD plus pegfilgrastim had decreased time to first 
apheresis (13 vs 15 days)(Fruehauf et al., 2007). The former common induction protocol 
VAD followed by daily G-CSF 10 μg/kg from day 10 to day 15 was found to be as 
effective and less toxic than high-dose CY followed by daily G-CSF 5 μg/kg from day 8 in 
newly diagnosed myeloma patients (Lefrère et al., 2006). Blood stem cell collection results 
after mobilization with combination chemotherapy containing ifosfamide, epirubicin, and 
etoposide (IEV) followed by G-CSF in myeloma were favorable and allowed to support a 
tandem transplantation procedure in younger and elder patients in 97 and 95%, 
respectively. Grade ¾ hematological toxicity was observed in majority of patients and 
extramedullary toxicity including nephrotoxicity and neurotoxicity in 5–10% (Straka et al., 
2003). IEV mobilized peripheral blood stem cells more efficiently than cyclophosphamide 
and etoposide, achieving a threshold of 6 x 106 CD34/kg in 97 vs. 71% with comparable 
major toxicities and similar tumor response rates, although there was one treatment-
related death due to septic shock in the IEV chemotherapy group (Hart et al., 2007). DCEP 
protocol includes dexamethasone (40 mg/d, day 1-4 ) , CY 400 mg/m2, etoposide 40 
mg/m2 and cisplatin 10 mg/m2, daily continuous infusion for 4 days and has proved to be 
an effective salvage therapy for relapsed/refractory myeloma patients. G-CSF 5 
μg/kg/day starting 48 h after the end of DCEP has been an effective mobilization 
protocol with 87 and 75% of patients achieving ≥ 2 x 106 and >4 x 106 /kg CD34+ cells, 
respectively (Lazzarino et al., 2001). The same group of investigators compared DCEP 
with CY (4 g/m2) followed by G-CSF and concluded that DCEP is better tolerated and 
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more effective than CY for PBPC mobilization. Moreover, high-dose CY has limited anti-
myeloma activity compared to DCEP. One study demonstrated the comparable efficiency 
and lower toxicity of shorter-infusional schedule of DCEP with respect to full-infusional 
schedule (Corso et al., 2002, 2005). Another study combined DCEP-short with a single 
dose 6mg s.c. pegfilgrastim and reported promising results (Zappasodi et al., 2008). In a 
pilot study, vinorelbin combined with CY 1.5 g/m2 had similar efficiency compared to CY 
4 g/m2 in PBPC mobilization and less toxicity and no requirement for hospitalization 
(Annunziata et al., 2006). Melphalan i.v. 60mg/m2 plus G-CSF 10 μg/kg/day was 
successful in mobilizing PBPC from myeloma patients. However, toxicity was notable and 
duration of mobilization was longer compared with CY 3 g/m2 (16.5 days vs 10 
days)(Gupta et al., 2005). Melphalan is a highly effective anti-myeloma drug but due to its 
stem cell toxicity, it is neither used for PBSC mobilization, nor recommended as an initial 
therapy for patients elligible for AHCT. In a retrospective analysis, single agent etoposide 
(1.5 g/m2) plus G-CSF was most potent at mobilizing PBPCs compared to CY (2-4 g/m2) 
plus G-CSF or G-CSF alone. Although the success rate for collecting the minimum CD34+ 
dose was similar in all groups, higher proportion of patients mobilized with etoposide 
could achieve the optimum dose required for tandem transplant. There was no difference 
in the progression free survival among the groups (Nakasone et al., 2009). Recently, in a 
retrospective single center review, intermediate dose etoposide (375 mg/m2, day 1 and 2) 
followed by G-CSF was found to be highly effective in myeloma patients including the 
high risk patients for mobilization failure (Wood et al., 2011). However, myelosuppressive 
mobilization regimens neither seem to have any anti-myeloma effects nor appear to 
improve outcome (Attal et al., 2003). And most centers no longer routinely use CY for 
patients in first plateau.  

3. High risk patients for mobilization failure  
Although there may be variations in each center’s definition of mobilization failure, 
generally it can be defined as lack of achievement of ≥ 2 x106/kg CD34+ yield after 3 
consecutive apheresis procedure or inability to start apheresis because of not reaching to >10 
CD34+ cells/μl of PB . Extensive BM involvement with malignancy, prior radiotherapy 
especially to marrow-rich sites, prior treatment with alkylating agents, prior multiple 
chemotherapy regimens and older age have been associated with increased risk of 
mobilization failure (Bensinger et al., 2009; Demirer et al., 1996; Leung et al., 2010). Although 
the number of CD34+ cells collected decreases with increasing age, the experience has 
revealed that sufficient stem cell yield for ≥ 1 AHCT can be safely obtained in elderly 
patients up to 69-72 years (Roncon et al., 2011; Tempescul et al., 2010). On the other hand, in 
one retrospective study including myeloma and lymphoma patients, the total number of 
cycles of previous chemotherapy and previous treatment with melphalan were more 
significant predictors of poor mobilization than sex, age or body weight (Wuchter et al., 
2010). Recently, prior prolonged exposure to novel agent lenalidomide has also been 
considered as a risk factor, which will be discussed later. With the current mobilization 
strategies about 5-10% of patients with PCM still end up with mobilization failure 
(Bensinger et al., 2009; Pusic et al., 2008). The classical strategy when patients fail G-CSF 
only mobilizations has been CY followed by G-CSF. However, this results in unnecessary 
exposure of the patients to chemotherapy toxicity for sole mobilization purposes, which 
means that novel PBPC mobilization approaches are required. 
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4. Novel agents for PBPC mobilization 
Historically, attempts to increase the mobilization efficiency concentrated on using high 
doses of G-CSF or combining G-CSF with other cytokines and growth factors some of which 
are currently used in other indications. However, either due to inefficiency or AEs, most of 
these agents could not become a part of the standart mobilization. In recent years, several 
cytokines and chemokines have been investigated that may prove useful for amplifying 
yields of CD34+ cells without introducing additional toxicity. There are also investigational 
agents which are yet in preclinical and phase I clinical trials (Table 1) (Bakanay & Demirer, 
2011). 
 

 
Growth Factors 
Granulocyte-Macrophage Colony Stimulating Factor 
Recombinant human erythropoietin 
Recombinant human stem cell factor  
Recombinant human thrombopoietin 
Parathyroid hormone 
Recombinant human growth hormone 
 
 
Chemokine axis mobilizers 
AMD3100  
GRO-β analogs (SB-251353) 
 
 
Other small molecules and peptides 
Very Late Antigen-1 antibodies 
Retinoic acid receptor alpha agonists 
Thrombopoietin receptor agonists  
 

Table 1. Agents investigated as adjunct to G-CSF for PBPC mobilization 

4.1 Plerixafor 

Plerixafor (AMD3100, Mozobil, Genzyme Corporation, Cambridge, MA, USA) is a bicyclam 
molecule which selectively and reversibly antagonizes CXCR4 and disrupts its interaction 
with stromal cell derived factor-1 (SDF-1), thereby releasing hematopoietic stem cells into 
the circulation (Gerlach et al., 2001; Hendrix et al., 2000). Plerixafor has received approval by 
the US FDA and the European Medicines Evaluation Agency for use in combination with G-
CSF to mobilize PBPCs for collection and subsequent AHCT in patients with NHL and PCM 
who previously failed mobilization with G-CSF alone (DiPersio et al. 2009a,2009b; Mozobil 
package insert). Plerixafor results in rapid mobilization of PBPC, which peaks at 
approximately 10 hours. Plerixafor has been shown to synergize with G-CSF for mobilizing 
stem cells in patients with PCM in various clinical conditions (Calandra et al., 2008; DiPersio 
et al., 2009a; Flomenberg et al., 2005; Stiff et al., 2009; Tricot et al., 2010). The results from 
phase II studies indicated that plerixafor added to G-CSF for PBPC mobilization from 
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myeloma patients mobilized more CD34+ cells per day of apheresis than G-CSF alone (4.4 
vs 3-3.5 fold) with 95 to 100% of the patients achieving the minimum number ( ≥ 2 x106/kg) 
of target CD34+ cells in a median of 1-2 apheresis days. Even the heavily pretreated patients 
had the median 2.5 fold increase in the PB CD34+ cells and could proceed with high dose 
therapy and AHCT (Stewart et al., 2009; Stiff et al., 2009). In a randomized, placebo-
controlled phase III study the proportion of patients from whom ≥ 6 x106 CD34+ cells/kg 
were collected in ≤2 days of apheresis served as the primary end point. The protocol for 
plerixafor plus G-CSF mobilization has been summarized(Table 2). The results 
demonstrated that the addition of plerixafor to G-CSF resulted in a significantly higher 
probability of achieving the optimal CD34+ cell target for tandem transplantation in fewer 
days of apheresis in PCM patients without any additional toxicity(Table 3). Peripheral blood 
stem cells mobilized by plerixafor and G-CSF resulted in prompt and durable engraftment 
after AHCT(DiPersio et al., 2009a).  
 

GCSF 10 μg/kg/day s.c. on days 1-4 
Plerixafor 240 μg/kg/day s.c. started on the evening of day 4 
Apheresis initiated 10 h after the first dose of plerixafor on the morning of day 5 
Daily GCSF before apheresis in the morning and plerixafor in the evening 
Continued until the target CD34+ cells ≥ 6 x 106/kg was collected or a predetermined 
maximum number of apheresis (4-5) was reached 

Table 2. Mobilization protocol of Plerixafor plus GCSF  
 

 Plerixafor + G-CSF 
N=148 

Placebo + G-CSF 
N=154 

Achieved primary end point (%) 71.6 34.4 
Achieved min. collection (%) 95.9 92.9 
Fold increase PB CD34/μl  4.8 1.7 
Median number of apheresis 
days to collect the target  1 4 

Median(range) collected CD34 
cells x106/kg  

10.96  
(0.66-104.57) 

6.18  
(0.11-42.66) 

Failed mobilization (%) 0 4.6  

Table 3. Phase III Clinical trial of PBPC mobilization with Plerixafor plus G-CSF in PCM  

There is lack of sufficient information on direct comparison of mobilization with G-CSF and 
plerixafor to mobilization with chemotherapy and G-CSF. In a retrospective comparison, 
both G-CSF plus plerixafor and CY plus G-CSF resulted in similar numbers of cells collected 
as well as costs of mobilization and clinical outcomes (Shaughnessy et al., 2011). For the 
patients from whom sufficient number of CD34+ cells could not be collected after the first 
mobilization attempt with G-CSF alone, a second(rescue) mobilization has been traditionally 
attempted with chemotherapy plus G-CSF. However, instead of chemomobilization, a 
rescue stem cell mobilization with G-CSF and plerixafor can be offered in patients who only 
require PBPC mobilization and collection without any need for further tumor reduction. In 
compassionate use programs, plerixafor has been used successfully in myeloma patients 
who were either proven or predicted to be poor mobilizers. About 75% of the patients could 
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4. Novel agents for PBPC mobilization 
Historically, attempts to increase the mobilization efficiency concentrated on using high 
doses of G-CSF or combining G-CSF with other cytokines and growth factors some of which 
are currently used in other indications. However, either due to inefficiency or AEs, most of 
these agents could not become a part of the standart mobilization. In recent years, several 
cytokines and chemokines have been investigated that may prove useful for amplifying 
yields of CD34+ cells without introducing additional toxicity. There are also investigational 
agents which are yet in preclinical and phase I clinical trials (Table 1) (Bakanay & Demirer, 
2011). 
 

 
Growth Factors 
Granulocyte-Macrophage Colony Stimulating Factor 
Recombinant human erythropoietin 
Recombinant human stem cell factor  
Recombinant human thrombopoietin 
Parathyroid hormone 
Recombinant human growth hormone 
 
 
Chemokine axis mobilizers 
AMD3100  
GRO-β analogs (SB-251353) 
 
 
Other small molecules and peptides 
Very Late Antigen-1 antibodies 
Retinoic acid receptor alpha agonists 
Thrombopoietin receptor agonists  
 

Table 1. Agents investigated as adjunct to G-CSF for PBPC mobilization 

4.1 Plerixafor 

Plerixafor (AMD3100, Mozobil, Genzyme Corporation, Cambridge, MA, USA) is a bicyclam 
molecule which selectively and reversibly antagonizes CXCR4 and disrupts its interaction 
with stromal cell derived factor-1 (SDF-1), thereby releasing hematopoietic stem cells into 
the circulation (Gerlach et al., 2001; Hendrix et al., 2000). Plerixafor has received approval by 
the US FDA and the European Medicines Evaluation Agency for use in combination with G-
CSF to mobilize PBPCs for collection and subsequent AHCT in patients with NHL and PCM 
who previously failed mobilization with G-CSF alone (DiPersio et al. 2009a,2009b; Mozobil 
package insert). Plerixafor results in rapid mobilization of PBPC, which peaks at 
approximately 10 hours. Plerixafor has been shown to synergize with G-CSF for mobilizing 
stem cells in patients with PCM in various clinical conditions (Calandra et al., 2008; DiPersio 
et al., 2009a; Flomenberg et al., 2005; Stiff et al., 2009; Tricot et al., 2010). The results from 
phase II studies indicated that plerixafor added to G-CSF for PBPC mobilization from 
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myeloma patients mobilized more CD34+ cells per day of apheresis than G-CSF alone (4.4 
vs 3-3.5 fold) with 95 to 100% of the patients achieving the minimum number ( ≥ 2 x106/kg) 
of target CD34+ cells in a median of 1-2 apheresis days. Even the heavily pretreated patients 
had the median 2.5 fold increase in the PB CD34+ cells and could proceed with high dose 
therapy and AHCT (Stewart et al., 2009; Stiff et al., 2009). In a randomized, placebo-
controlled phase III study the proportion of patients from whom ≥ 6 x106 CD34+ cells/kg 
were collected in ≤2 days of apheresis served as the primary end point. The protocol for 
plerixafor plus G-CSF mobilization has been summarized(Table 2). The results 
demonstrated that the addition of plerixafor to G-CSF resulted in a significantly higher 
probability of achieving the optimal CD34+ cell target for tandem transplantation in fewer 
days of apheresis in PCM patients without any additional toxicity(Table 3). Peripheral blood 
stem cells mobilized by plerixafor and G-CSF resulted in prompt and durable engraftment 
after AHCT(DiPersio et al., 2009a).  
 

GCSF 10 μg/kg/day s.c. on days 1-4 
Plerixafor 240 μg/kg/day s.c. started on the evening of day 4 
Apheresis initiated 10 h after the first dose of plerixafor on the morning of day 5 
Daily GCSF before apheresis in the morning and plerixafor in the evening 
Continued until the target CD34+ cells ≥ 6 x 106/kg was collected or a predetermined 
maximum number of apheresis (4-5) was reached 

Table 2. Mobilization protocol of Plerixafor plus GCSF  
 

 Plerixafor + G-CSF 
N=148 

Placebo + G-CSF 
N=154 

Achieved primary end point (%) 71.6 34.4 
Achieved min. collection (%) 95.9 92.9 
Fold increase PB CD34/μl  4.8 1.7 
Median number of apheresis 
days to collect the target  1 4 

Median(range) collected CD34 
cells x106/kg  

10.96  
(0.66-104.57) 

6.18  
(0.11-42.66) 

Failed mobilization (%) 0 4.6  

Table 3. Phase III Clinical trial of PBPC mobilization with Plerixafor plus G-CSF in PCM  

There is lack of sufficient information on direct comparison of mobilization with G-CSF and 
plerixafor to mobilization with chemotherapy and G-CSF. In a retrospective comparison, 
both G-CSF plus plerixafor and CY plus G-CSF resulted in similar numbers of cells collected 
as well as costs of mobilization and clinical outcomes (Shaughnessy et al., 2011). For the 
patients from whom sufficient number of CD34+ cells could not be collected after the first 
mobilization attempt with G-CSF alone, a second(rescue) mobilization has been traditionally 
attempted with chemotherapy plus G-CSF. However, instead of chemomobilization, a 
rescue stem cell mobilization with G-CSF and plerixafor can be offered in patients who only 
require PBPC mobilization and collection without any need for further tumor reduction. In 
compassionate use programs, plerixafor has been used successfully in myeloma patients 
who were either proven or predicted to be poor mobilizers. About 75% of the patients could 
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be rescued after failure from chemotherapy (Basak et al., 2011a; Calandra et al., 2008; Duarte 
et al., 2011). Plerixafor plus G-CSF can also be an option for myeloma patients who had 
received a previous AHCT and who require a repeated mobilization for a second 
transplantation. In a recent study, successful mobilization of PBPCs was performed in a 
similar proportion of the previously transplanted patients and other patients who had not 
undergone ASCT (70% vs 82.6%) (Basak et al., 2011b).  

Plerixafor combined with chemotherapy and G-CSF in a recent open-label, multicenter trial 
on 40 patients with PCM and NHL, also proved to be a feasible method of stem cell 
mobilization. However, further studies are warranted to evaluate the exact timing of 
incorporating plerixafor into chemomobilization (Dugan et al., 2010). Table 4 gives a single 
center approach to mobilization in the era of novel mobilizing agent, plerixafor (Gertz, 
2010b). In one single center experience, preemptive use of plerixafor was successful in 
patients who had either PB CD34+ counts <10/μl at the time of marrow recovery or poor 
yield of first apheresis CD34+ <1x 106 /kg (Jantunen et al., 2011). Similarly, a promising 
approach with growth factor and patient-adapted use of plerixafor has been recently 
suggested to be superior to chemotherapy and growth factor for autologous PBPC 
mobilization. The preemptive use of plerixafor using the PB CD34+ cell count on day 4 of G-
CSF administration and the collection target to decide between continuing G-CSF only or 
adding plerixafor to the mobilization regimen may potentially reduce the percentage of 
failure in first-line mobilizations (Costa et al., 2011a, 2011b). A recent study demonstrated 
that the quantity of CD34+ cells collected on day 1, rather than the PB CD34+ cell count, 
might identify patients unlikely to achieve adequate stem cell collection for AHCT and 
suggested that patients who collect <0.70 x106 CD34+ cells/kg on day 1 could be considered 
for treatment modifications such as adding plerixafor (Duong et al., 2011). 
 

 
G-CSF 10 μg/kg single dose x 4 days 
If collecting for 1 transplant: if CD34+ < 10 x 106/L, add plerixafor  
If collecting for >1 transplant: if CD34+ < 20 x106/L, add plerixafor  
 
 
If relapsed or primary refractory myeloma or circulating plasma cells:  
CY 1.5 g/m2 x 2 days, begin G-CSF 5 μg/kg on day 3  
Check CD34+ when WBC >1000 x 106/L.  
If CD34+ < 10 x 106/L continue to check for three consecutive days.  
If CD34 remains < 10 x106/L, begin plerixafor 
 

Table 4. The Mayo Clinic Rochester approach to PBPC mobilization in myeloma  

Plerixafor is well tolerated and adverse events are usually mild and transient. The most 
common adverse events are diarrhea, nausea, vomiting, flatulance and injection-site 
reactions, fatigue, arthralgia, headache, dizziness and insomnia. Severe adverse events such 
as hypotension and dizziness after drug administration and thrombocytopenia after 
apheresis are very rare (DiPersio et al., 2009, Mozobil package insert). No case of splenic 
rupture due to plerixafor has been reported to date. No evidence of tumor cell mobilization 
could be demonstrated after plerixafor in PCM and NHL patients(Fruehauf et al., 2010). A 
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plerixafor dose reduction to 160 µg/kg in patients with a creatinine clearance value ≤ 50 
mL/min is recommended (Douglas et al., 2011; MacFarland et al., 2010; Pinto et al., 2010). 
Plerixafor addition to G-CSF has undoubtedly increased the number of patients who could 
proceed with high dose therapy and AHCT. Plerixafor incorporation in the first line 
mobilization protocols in patients who are predicted poor mobilizers will eliminate the need 
for further mobilization attempts and the cost-effectiveness of such approaches should be 
clarified. Recently, the International Myeloma Working Group(IMWG) have proposed some 
strategies to overcome the risk factors for poor PBPC mobilization in PCM (Giralt et al., 
2009) (Table 5). 
 

Risk Factor Proposed strategy 
Age>60  Consider plerixafor 

History of melphalan exposure Consider upfront chemomobilization or 
plerixafor 

Extensive prior therapy and prolonged 
disease duration 

Harvest early between cycles 2-4 
Consider upfront plerixafor or 
chemomobilization 
Assess marrow for secondary dysplastic 
changes before collection 

Extensive radiotherapy to marrow bearing 
tissue 

Consider collection before radiotherapy 
Consider upfront chemomobilization or 
plerixafor 
Assess marrow for secondary dysplastic 
changes before collection 

Table 5. Strategies proposed by IMWG to overcome the risk factors for poor PBPC 
mobilization in PCM 

5. The effect of novel induction protocols on PBPC mobilization in PCM 
Until the last decade, the standard first line therapy for PCM has been either VAD or single 
agent dexamethasone. These therapies clearly do not have any adverse effects on PBPC 
mobilization from the bone marrow. However, they have been replaced by more efficient 
novel agents such as IMIDs ( thalidomide and lenalidomide) and proteosome inhibitor 
bortezomib. Novel induction agents in myeloma are effective as first line therapy enhancing 
the quality of responses prior to AHCT and by controlling the tumor load at diagnosis they 
decrease the early mortality and prolong the overall survival. With the novel induction 
agents, the time from diagnosis to planned AHCT is shorter and most patients can achieve ≥ 
VGPR after the transplantation which eliminates the need for tandem AHCT for most 
patients. In fact it also neccesitates re-exploration of the role of first line AHCT in selected 
patients, moving AHCT to a second line position. The novel agents are also used as adjuncts 
to transplant conditioning regimen or as maintenance therapy after transplant (Dimopoulos 
et al., 2007; Harousseau et al., 2010; Kumar et al., 2009; Rajkumar et al., 2006).  

5.1 Thalidomide 

The IMIDs have antiangiogenesis, immunomodulatory activity and direct cyctotoxic affects 
on myeloma cells. Pretransplant treatment with IMIDs appear to have no impact on 
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be rescued after failure from chemotherapy (Basak et al., 2011a; Calandra et al., 2008; Duarte 
et al., 2011). Plerixafor plus G-CSF can also be an option for myeloma patients who had 
received a previous AHCT and who require a repeated mobilization for a second 
transplantation. In a recent study, successful mobilization of PBPCs was performed in a 
similar proportion of the previously transplanted patients and other patients who had not 
undergone ASCT (70% vs 82.6%) (Basak et al., 2011b).  

Plerixafor combined with chemotherapy and G-CSF in a recent open-label, multicenter trial 
on 40 patients with PCM and NHL, also proved to be a feasible method of stem cell 
mobilization. However, further studies are warranted to evaluate the exact timing of 
incorporating plerixafor into chemomobilization (Dugan et al., 2010). Table 4 gives a single 
center approach to mobilization in the era of novel mobilizing agent, plerixafor (Gertz, 
2010b). In one single center experience, preemptive use of plerixafor was successful in 
patients who had either PB CD34+ counts <10/μl at the time of marrow recovery or poor 
yield of first apheresis CD34+ <1x 106 /kg (Jantunen et al., 2011). Similarly, a promising 
approach with growth factor and patient-adapted use of plerixafor has been recently 
suggested to be superior to chemotherapy and growth factor for autologous PBPC 
mobilization. The preemptive use of plerixafor using the PB CD34+ cell count on day 4 of G-
CSF administration and the collection target to decide between continuing G-CSF only or 
adding plerixafor to the mobilization regimen may potentially reduce the percentage of 
failure in first-line mobilizations (Costa et al., 2011a, 2011b). A recent study demonstrated 
that the quantity of CD34+ cells collected on day 1, rather than the PB CD34+ cell count, 
might identify patients unlikely to achieve adequate stem cell collection for AHCT and 
suggested that patients who collect <0.70 x106 CD34+ cells/kg on day 1 could be considered 
for treatment modifications such as adding plerixafor (Duong et al., 2011). 
 

 
G-CSF 10 μg/kg single dose x 4 days 
If collecting for 1 transplant: if CD34+ < 10 x 106/L, add plerixafor  
If collecting for >1 transplant: if CD34+ < 20 x106/L, add plerixafor  
 
 
If relapsed or primary refractory myeloma or circulating plasma cells:  
CY 1.5 g/m2 x 2 days, begin G-CSF 5 μg/kg on day 3  
Check CD34+ when WBC >1000 x 106/L.  
If CD34+ < 10 x 106/L continue to check for three consecutive days.  
If CD34 remains < 10 x106/L, begin plerixafor 
 

Table 4. The Mayo Clinic Rochester approach to PBPC mobilization in myeloma  

Plerixafor is well tolerated and adverse events are usually mild and transient. The most 
common adverse events are diarrhea, nausea, vomiting, flatulance and injection-site 
reactions, fatigue, arthralgia, headache, dizziness and insomnia. Severe adverse events such 
as hypotension and dizziness after drug administration and thrombocytopenia after 
apheresis are very rare (DiPersio et al., 2009, Mozobil package insert). No case of splenic 
rupture due to plerixafor has been reported to date. No evidence of tumor cell mobilization 
could be demonstrated after plerixafor in PCM and NHL patients(Fruehauf et al., 2010). A 
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plerixafor dose reduction to 160 µg/kg in patients with a creatinine clearance value ≤ 50 
mL/min is recommended (Douglas et al., 2011; MacFarland et al., 2010; Pinto et al., 2010). 
Plerixafor addition to G-CSF has undoubtedly increased the number of patients who could 
proceed with high dose therapy and AHCT. Plerixafor incorporation in the first line 
mobilization protocols in patients who are predicted poor mobilizers will eliminate the need 
for further mobilization attempts and the cost-effectiveness of such approaches should be 
clarified. Recently, the International Myeloma Working Group(IMWG) have proposed some 
strategies to overcome the risk factors for poor PBPC mobilization in PCM (Giralt et al., 
2009) (Table 5). 
 

Risk Factor Proposed strategy 
Age>60  Consider plerixafor 

History of melphalan exposure Consider upfront chemomobilization or 
plerixafor 

Extensive prior therapy and prolonged 
disease duration 

Harvest early between cycles 2-4 
Consider upfront plerixafor or 
chemomobilization 
Assess marrow for secondary dysplastic 
changes before collection 

Extensive radiotherapy to marrow bearing 
tissue 

Consider collection before radiotherapy 
Consider upfront chemomobilization or 
plerixafor 
Assess marrow for secondary dysplastic 
changes before collection 

Table 5. Strategies proposed by IMWG to overcome the risk factors for poor PBPC 
mobilization in PCM 

5. The effect of novel induction protocols on PBPC mobilization in PCM 
Until the last decade, the standard first line therapy for PCM has been either VAD or single 
agent dexamethasone. These therapies clearly do not have any adverse effects on PBPC 
mobilization from the bone marrow. However, they have been replaced by more efficient 
novel agents such as IMIDs ( thalidomide and lenalidomide) and proteosome inhibitor 
bortezomib. Novel induction agents in myeloma are effective as first line therapy enhancing 
the quality of responses prior to AHCT and by controlling the tumor load at diagnosis they 
decrease the early mortality and prolong the overall survival. With the novel induction 
agents, the time from diagnosis to planned AHCT is shorter and most patients can achieve ≥ 
VGPR after the transplantation which eliminates the need for tandem AHCT for most 
patients. In fact it also neccesitates re-exploration of the role of first line AHCT in selected 
patients, moving AHCT to a second line position. The novel agents are also used as adjuncts 
to transplant conditioning regimen or as maintenance therapy after transplant (Dimopoulos 
et al., 2007; Harousseau et al., 2010; Kumar et al., 2009; Rajkumar et al., 2006).  

5.1 Thalidomide 

The IMIDs have antiangiogenesis, immunomodulatory activity and direct cyctotoxic affects 
on myeloma cells. Pretransplant treatment with IMIDs appear to have no impact on 
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engraftment kinetics suggesting that both thalidomide and lenolidomide do not have 
qualitative effects on stem cells. Thalidomide was the first IMID to be used in PCM and 
initial therapy with thalidomide-dexamethasone (thal/dex) was superior to dexamethasone 
alone (Rajkumar et al., 2006). Although there has been controversial reports, most studies 
have shown no impact of thalidomide on stem cell mobilization and >80% of patients who 
received thal/dex were able to collect adequate stem cells for tandem transplant (Cavo et al., 
2005). In a phase III randomized study, patients treated with induction regimen TAD 
(Thalidomide, doxorubicine, dexamethasone) had fewer CD34+ cell collection following 
CAD plus G-CSF mobilization than patients who received VAD as induction. However, the 
number of CD34+ cells were sufficient to support double AHCT in 82% of TAD treated 
patients (Breitkreutz et al., 2007). However, in a recent study thalidomide in combination 
with CY and dexamethasone (CTD) as induction regimen had significantly (49%) lower 
PBPC yield and higher percentage of mobilization failures for one (25.4 vs 5.8%) or two (39.4 
vs 15.9%) transplants compared with VAD and a VAD-like induction regimen. The authors 
have pointed that thalidomide and CY with no previously reported negative impact on stem 
cell mobilization can have substantial impact when used in combination (Auner et al., 2011). 

5.2 Lenalidomide 

Lenalidomide in combination with dexamethasone (Len/dex) have been associated with 
better outcomes and improved survival rates in patients with PCM (Rajkumar et al., 2005, 
Dimopuolos et al., 2007, Wang et al., 2008). However, lenalidomide can cause 
myelosuppression and concerns have been raised that its use may negatively impact the 
ability to mobilize stem cells in patients who received lenalidomide as part of their 
induction therapies (Kumar et al., 2007; Mazumder et al., 2008; Paripati et al., 2008; Popat et 
al., 2009). Kumar have indicated that among patients mobilized with G-CSF alone there was 
a significant decrease in total CD34+ cells collected, average daily collection, day 1 collection 
and increased number of apheresis in patients treated with lenalidomide compared to 
patients treated with other regimens(Kumar et al., 2007). One retrospective analysis 
demonstrated higher mobilization failure rates with filgrastim among lenalidomide- treated 
patients compared with patients who had not received lenalidomide (25% vs 4%, p<0.001). 
Failure rate was very high in patients who received >3 cycles of lenalidomide. Majority of 
the lenalidomide-treated patients(77%) could be rescued with chemotherapy plus 
filgrastim(Popat et al., 2009). A multicenter prospective study of 346 patients with newly 
diagnosed PCM, has demonstrated that 21% of the patientswho received 4 cycles of len/dex 
as induction regimen, could not achieve the target 4 x 106 CD34+ cells/kg after CY plus G-
CSF mobilization whereas only 9% of patients failed after a second mobilization attempt 
with the same mobilization protocol. Lenalidomide as a part of the induction regimen did 
not adversely affect the PBPC mobilization and a second mobilization procedure with CY 
plus G-CSF may be an appropriate strategy to rescue poor mobilizers(Cavallo et al., 2011). In 
different studies where patients were mobilized after len/dex induction therapy, 
mobilization with CY plus G-CSF yielded clearly higher (range 6.3 to 14.2 x 106/kg) number 
of stem cells with respect to mobilization with G-CSF alone (range 3.1 to 7.9 x 106/kg) 
(Kumar et al., 2007; Mark et al., 2008; Mazumder et al., 2008; Paripati et al., 2008; Popat et al., 
2009). Incorporation of lenalidomide into induction therapy for PCM did not have clinically 
significant impact on PBPC mobilization when CY plus G-CSF was used as mobilization 
protocol. Sufficient stem cells for tandem auto-HCT were collected from all patients 
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mobilized with CY plus G-CSF versus only 33% of patients mobilized with G-CSF alone. 
Some studies demonstarted lower stem cell yield with increasing duration of lenalidomide 
therapy but other studies could not demonstrate such correlation (Mark et al., 2008; 
Mazumder et al., 2008; Nazha et al., 2011). Since addition of CY + G-CSF does not increase 
the responses to myeloma therapy, exposing patients to the risks of chemomobilization for 
sole mobilization purposes should be avoided. Plerixafor is a promising alternative to 
chemomobilization in patients with PCM who received prior therapy with lenalidomide. 
Retrospective data analysis for 60 patients who received plerixafor plus G-CSF for front-line 
mobilization in a phase 3 clinical trial or for remobilization in a compassionate use program 
demonstrated that CD34+ cells can be successfully and predictably mobilized and collected 
in majority of patients with PCM who have been previously treated with lenalidomide 
(Micallef et al., 2010) (Table 6). The IMWG have published the consensus report focusing on 
the approach to stem cell mobilization in era of novel agents in PCM (Kumar et al., 
2009)(Table 7). 

 Frontline  
P + G-CSF 

Remobilization  
P + G-CSF Total 

Minimal ≥ 2 x 106 CD34+ 
cells/kg 100% 80% 86.7% 

Optimal ≥ 5 x 106 CD34+ 
cells/kg 95% 47.5% 63.3% 

Table 6. Mobilization response to Plerixafor plus GCSF in lenalidomide-treated patients 

5.3 Bortezomib 

Bortezomib is effective in patients with relapsed or refractory disease as well as in untreated 
patients No definitive impact of initial therapy with bortezomib on stem cell harvest could 
be demonstrated (Benson et al., 2010; Corso et al., 2010; Horousseau et al., 2010; Jagannath et 
al., 2005). In the IFM2005/01 trial comparing bortezomib/dexamethasone to VAD, there 
was a trend towards lower CD34+ numbers among those receiving bortezomib. However, a 
single mobilization with G-CSF was adequate and allowed the harvest of sufficient number 
of CD34+ cells for a single transplant in 97% and for a tandem transplant 77% of the patients 
treated upfront with bortezomib/dexamethasone. Compared with VAD, a higher number of 
patients in bortezomib/dexamethasone arm required a second mobilization attempt to 
reach the target 5 x 106 CD34+ cells/kg for tandem transplantation (Horousseau et al., 2010; 
Moreau et al., 2010). HOVON65/GMMG-HD4 randomized phase 3 trial comparing 
bortezomib, adriamycin, dexamethasone (PAD) versus VAD, no impact of bortezomib was 
seen on ability to collect stem cells (Goldschmidt et al., 2008).  

Studies combining bortezomib with lenalidomide or thalidomide also did not reveal any 
adverse effect of bortezomib on stem cell mobilization (Richardson et al., 2010; Bensinger et 
al., 2010; Kaufman et al., 2010). Simultaneous use of bortezomib in combination with 
thalidomide and chemotherapy (DT-PACE; cisplatin, doxorubicin, CY, etoposide and 
dexamethasone) was also effective, safe and allowed for adequate stem cell collection 
(Badros et al., 2006). Addition of alkylating agents to initial therapy especially in 
combination, may increase the risk of mobilization failures but no comparative data is 
available. Phase 2 studies combining CY with lenalidomide and CY with thalidomide 
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reported mobilization failures while combination of CY with bortezomib did not reveal any 
failure (Reeder et al., 2009).  
 

Condition  Recommended approach 
Initial therapy with thalidomide or 
bortezomib plus dexamethasone 
Patients who received <4 cycles of 
lenalidomide plus dexamethasone and 
younger than 65 years 

G-CSF alone 

Patients who received ≥4 cycles of 
lenalidomide plus dexamethasone CY + G-CSF 

Patients who received ≥4 cycles of 
lenalidomide plus dexamethasone and 
older than 65 years 

Reduced dose CY + G-CSF 
G-CSF alone with the addition of plerixafor 
before second apheresis if first apheresis 
yields <2 x 106 CD34+ cells/kg 

Patients who received other 
myelosuppressive drugs in combination 
with lenalidomide 

CY + G-CSF 

Failed mobilization with G-CSF alone in 
lenalidomide-treated patients 

CY + G-CSF 
G-CSF + Plerixafor  
G-CSF + GM-CSF 

Table 7. Approach to stem cell mobilization in era of novel agents in PCM : IMWG 
consensus perspectives  

6. Conclusions 
As the novel anti-myeloma drugs (thalidomide, lenalidomide, bortezomib) in combination 
with dexamethasone or other agents have replaced the traditional VAD or single agent 
dexamethasone as first line therapy for myeloma, there has been concern about their impact 
on PBPC mobilization from the bone marrow. Studies could not demonstrate any 
deleretious effect of bortezomib on stem cell mobilization. There has been contraversy 
regarding thalidomide’s impact especially when combined with other cytotoxic agents such 
as CY. However, the thal/dex combination has proved to allow for adequate PBPC yield for 
tandem transplantation. On the other hand, prolonged exposure to lenalidomide definitely 
affects the stem cell yield. Early PBPC mobilization with (<4 cycles) is recommended after 
lenalidomide-containing regimens. If this condition can not be satisfied, mobilization with 
CY+ G-CSF or addition of plerixafor to G-CSF should be considered. Although the 
integration of the novel anti-myeloma agents in the upfront treatment of PCM has started 
questioning the place of the high dose therapy supported with AHCT as first line approach, 
it is still the gold standard approach in elligible patients with PCM. This requires the 
mobilization and collection of adequate number of PBPCs following an initial induction 
threatment. Traditionally, G-CSF alone or after chemotherapy (mostly CY) have been the 
most commonly used protocols. Generally, CY plus G-CSF is used in the second 
mobilization attempt after failing G-CSF. However, this approach does not improve the 
overall outcome of the myeloma patients. So, it is unnecessary to expose the patients to toxic 
effects of chemotherapy for sole mobilization purposes. And the combined cytotoxic 
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chemotherapies are better reserved for relapsed or refractory cases. Current studies focus on 
the novel investigational agents as adjuncts to G-CSF to improve the PBPC yields. 
Plerixafor, which selectively and reversibly antagonizes CXCR4 and disrupts its interaction 
with SDF-1, has the ability of rapid mobilization of PBPCs from BM and gained approval as 
an adjunct to G-CSF for poor mobilizers. At the present, it is challenging to search for the 
best approach using the available drugs with appropriate timing to provide sufficient 
CD34+ yield after initial mobilization attempt and in a cost-effective manner avoiding 
further mobilization attempts and exposure to chemotherapy. 
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1. Introduction  
Multiple myeloma accounts for 10% of hematological cancers and 1% of all cancers. It  is 
currently the most common indication for ASCT in North America and Europe. ASCT 
remains the standard of care in eligible patients aged below 65-70 years (though age is not a 
criterion in the United States) performed either upfront or at relapse. It is mostly performed 
upfront after induction therapy. The attainment of complete response (CR) is held to be a 
surrogate for improved survival and is the aim of the ASCT. CR is characterized by 
undetectable serum and urine monoclonal proteins (by immnofixation), absence of 
plasmacytosis (<5% plasma cells in marrow), disappearance of plasmacytomas and stable or 
improving bone disease. Stringent CR (sCR) is a new criterion which refers to normalization 
of the free light chain ratios (FLC) as well as the absence of monoclonal plasma cells in the 
marrow. Very good partial response (VGPR) refers to the absence of monoclonal proteins by 
electrophoresis but not by immunofixation or more than 90% reduction in level of serum M 
component proteins as well as urinary M proteins less than 100 mg/24 hours.[1]  

With conventional chemotherapy comprising melphalan and prednisolone, CR was attained 
in less than 5% patients. However the median OS in patients achieving CR was 5.1 years as 
compared to 3.3 years for other responders.[2] ASCT has helped improve CR and VGPR 
rates over and above CC and is usually performed after induction therapy as consolidation.  

Introduction of agents like bortezomib, lenalidomide, thalidomide, liposomal doxorubicin 
has resulted in  Higher rates of CR and very good partial response (VGPR).  

Ongoing debates  regarding redefining the inclusion criteria/timing and expected benefits 
of ASCT as compared to maintenance with these drugs however await further trials. 

2. ASCT in myeloma  
Prospective randomized trials have been conducted to evaluate the efficacy of ASCT in 
terms of attainment of CR, response rate (RR), improvements in progression free survival 
(PFS) and overall survival (OS) as well as transplant-related mortality (TRM). 
[3],[4],[5],[6],[7],[8] 

CR rates, median PFS, median OS and TRM have ranged from 17 to 44.5%, 25 to 42 months, 
47.8 to 67 months and 3 to 7%, respectively. [3],[4],[5],[6],[7],[8] 
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Prospective randomized trials have been conducted to evaluate the efficacy of ASCT in 
terms of attainment of CR, response rate (RR), improvements in progression free survival 
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47.8 to 67 months and 3 to 7%, respectively. [3],[4],[5],[6],[7],[8] 
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However, only two of the trials, the French Intergroup Study (IFM) [3] and the British (MRC 
VII trial,) [4] demonstrated a survival advantage with ASCT. The French trial demonstrated 
median OS of 57 months vs. 37 months and the British trial demonstrated a median OS of 
54.1 months vs. 42.3 months of ASCT over conventional chemotherapy (CC). 

However other trials had some deficiencies. The Spanish study (PETHEMA) demonstrated 
improved CR rates (30% vs. 11%) with ASCT as compared to CC but no improvement in OS 
(61 vs. 66 months). This has been ascribed to the fact that only responding patients were 
taken up for transplant. Refractory patients who were not taken up for the study could also 
have derived benefit from ASCT. [5] 

Two of the trials were designed specifically to look at the effect of upfront vs. delayed 
transplant (in the case of relapse or refractory disease) upon the survival rates. There was no 
difference in OS though the French trial reported higher CR rates and better PFS in favor of 
early transplant. [6],[7] 

In another large US intergroup trial comparing CC with ASCT no difference could be 
demonstrated partly because of the cross over allowed for transplant at relapse in patients 
on the CC arm as also the fact that the combination of total body irradiation and melphalan 
dose of 140 mg/m 2 rather than the standard 200 mg/m 2 resulted in a disappointing CR 
rate of 17%. [8] 

The trials incorporating melphalan and TBI had lower CR rates (17-22%) [3],[8] as compared 
to those in which melphalan 200 mg/m2 was used resulting in CR rates of 30-44%. 
[4],[5],[6],[7] Thus melphalan 200 mg/m 2 is now the conditioning regimen of choice. These 
days, most centers claim a TRM of 1% or less, thus rendering ASCT an acceptably safe 
treatment modality. 

CR has been demonstrated to be the most important factor influencing long term survival. 
In the French IFM study, patients achieving a CR/VGPR had significantly higher 5 year OS 
rates of 72% as compared to 39% among patients who had a PR. [3] In a retrospective 
analysis of 721 newly diagnosed patients who underwent ASCT it was found that patients 
achieving CR had a median survival of 9-14 years compared to 5.9 years for patients who 
achieved PR. [9] 

3. Improving efficacy of ASCT 
3.1 Induction therapy and ASCT 

The most common treatment strategy involves use of induction chemotherapy followed by 
HDT- ASCT (in eligible patients). 

Initial regimens (vincristine, adriamycin, dexamethasone /dexamethasone /thalidomide, 
dexamethasone) 

Initially the most popular regimens used were single agent pulsed dexamethasone or 
vincristine, adriamycin and dexamethasone (VAD). Response rates (RR) of 40-43% (CR 
rates ranging from 0 to 3%) have been reported with dexamethasone. [10],[11],[12] With 
VAD RR ranging from 52 to 67% and CR rates ranging from 3 to 9% have been described. 
[13],[14] 
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Following VAD the next common induction regimen was the oral regimen of thalidomide 
and dexamethasone (TD). RR ranging from 76 to 80% and CR rates ranging from 7 to 25% 
have been observed. [12],[13],[14],[15] 

After ASCT, CR rates ranging from 30 to 48.2% (post VAD induction) have been described. 
[13],[14],[16] However studies using thalidomide/dexamethasone and single agent 
dexamethasone have demonstrated essentially similar results. [10],[11],[12],[13],[14],[15],[16] 

In a study it was found that at 6 months post-transplant, the benefit of ThalDex over VAD 
was not seen and the VGPR or better rates were comparable (44.4% in the ThalDex arm and 
41.7% in the VAD arm). [14] Thus ASCT seems to cover for the seeming inefficiencies of 
these induction regimens. 

4. Newer combinations 
Bortezomib and dexamethasone 

The doublet of bortezomib and dexamethasone (VD) has been associated with RR ranging 
from 67 to 88% (VGPR or better rates ranging from 23 to 47%) and CR/nCR rates ranging 
from 13 to 21%. Post-ASCT, RR in the range of 90%, CR/nCR rates of up to 35% and VGPR 
or better rates up to 62% have been described. [17],[18],[19],[20] 

Lenalidomide and dexamethasone 

Lenalidomide and dexamethasone (LD) use was associated with RR of 91% and 18% CR 
rates. In patients who underwent ASCT the 2 year OS and PFS was 92% and 83% 
respectively as compared to 90% and 59% for those who did not undergo ASCT. However 
the yield of stem cells diminished upon prolonged use of this combination and hence it has 
been suggested that an early stem cell harvest might be necessary in the case of patients 
planned for delayed ASCT. [21] 

Bortezomib-based combinations with other drugs 

Bortezomib, doxorubicin and dexamethasone (PAD) was evaluated as induction using 
bortezomib 1.3 mg/m 2 (PAD1, N=21) or 1.0 mg/m 2 (PAD2, N=20). Complete/very good 
partial response rates with PAD1/PAD2 were 62%/42% post-induction and 81%/53% post-
transplant. PFS (29 vs. 24 months), OS (2 years: 95% vs. 73%) were statistically similar but 
favored PAD1 versus PAD2. [22] Thus standard dose bortezomib was associated with better 
response rates as compared to the lower dose in which however the toxicity was lesser. This 
result was also suggested in earlier reports. With low dose bortezomib, CR rates of 11% 
were seen which improved to 37% post-ASCT. [23] RR of 95% and CR rates of 24% was seen 
with standard dose bortezomib and post-ASCT CR rates improved to 57% (81% had VGPR 
or better responses). [24] 

Liposomal doxorubicin-based regimens 

Bortezomib, liposomal doxorubicin and dexamethasone have been used with RR 93% (63% 
VGPR or better) and CR rates of 43%. Following ASCT CR rates improved to 65% (75% of 
the responses were VGPR or better). [25] 

In regimens excluding dexamethasone (Bortezomib, Liposomal Doxorubicin alone) RR of 
79% and CR rates of 28% have been observed. [26] 



 
Multiple Myeloma – An Overview 

 

264 

However, only two of the trials, the French Intergroup Study (IFM) [3] and the British (MRC 
VII trial,) [4] demonstrated a survival advantage with ASCT. The French trial demonstrated 
median OS of 57 months vs. 37 months and the British trial demonstrated a median OS of 
54.1 months vs. 42.3 months of ASCT over conventional chemotherapy (CC). 

However other trials had some deficiencies. The Spanish study (PETHEMA) demonstrated 
improved CR rates (30% vs. 11%) with ASCT as compared to CC but no improvement in OS 
(61 vs. 66 months). This has been ascribed to the fact that only responding patients were 
taken up for transplant. Refractory patients who were not taken up for the study could also 
have derived benefit from ASCT. [5] 

Two of the trials were designed specifically to look at the effect of upfront vs. delayed 
transplant (in the case of relapse or refractory disease) upon the survival rates. There was no 
difference in OS though the French trial reported higher CR rates and better PFS in favor of 
early transplant. [6],[7] 

In another large US intergroup trial comparing CC with ASCT no difference could be 
demonstrated partly because of the cross over allowed for transplant at relapse in patients 
on the CC arm as also the fact that the combination of total body irradiation and melphalan 
dose of 140 mg/m 2 rather than the standard 200 mg/m 2 resulted in a disappointing CR 
rate of 17%. [8] 

The trials incorporating melphalan and TBI had lower CR rates (17-22%) [3],[8] as compared 
to those in which melphalan 200 mg/m2 was used resulting in CR rates of 30-44%. 
[4],[5],[6],[7] Thus melphalan 200 mg/m 2 is now the conditioning regimen of choice. These 
days, most centers claim a TRM of 1% or less, thus rendering ASCT an acceptably safe 
treatment modality. 

CR has been demonstrated to be the most important factor influencing long term survival. 
In the French IFM study, patients achieving a CR/VGPR had significantly higher 5 year OS 
rates of 72% as compared to 39% among patients who had a PR. [3] In a retrospective 
analysis of 721 newly diagnosed patients who underwent ASCT it was found that patients 
achieving CR had a median survival of 9-14 years compared to 5.9 years for patients who 
achieved PR. [9] 

3. Improving efficacy of ASCT 
3.1 Induction therapy and ASCT 

The most common treatment strategy involves use of induction chemotherapy followed by 
HDT- ASCT (in eligible patients). 

Initial regimens (vincristine, adriamycin, dexamethasone /dexamethasone /thalidomide, 
dexamethasone) 

Initially the most popular regimens used were single agent pulsed dexamethasone or 
vincristine, adriamycin and dexamethasone (VAD). Response rates (RR) of 40-43% (CR 
rates ranging from 0 to 3%) have been reported with dexamethasone. [10],[11],[12] With 
VAD RR ranging from 52 to 67% and CR rates ranging from 3 to 9% have been described. 
[13],[14] 
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Following VAD the next common induction regimen was the oral regimen of thalidomide 
and dexamethasone (TD). RR ranging from 76 to 80% and CR rates ranging from 7 to 25% 
have been observed. [12],[13],[14],[15] 

After ASCT, CR rates ranging from 30 to 48.2% (post VAD induction) have been described. 
[13],[14],[16] However studies using thalidomide/dexamethasone and single agent 
dexamethasone have demonstrated essentially similar results. [10],[11],[12],[13],[14],[15],[16] 

In a study it was found that at 6 months post-transplant, the benefit of ThalDex over VAD 
was not seen and the VGPR or better rates were comparable (44.4% in the ThalDex arm and 
41.7% in the VAD arm). [14] Thus ASCT seems to cover for the seeming inefficiencies of 
these induction regimens. 

4. Newer combinations 
Bortezomib and dexamethasone 

The doublet of bortezomib and dexamethasone (VD) has been associated with RR ranging 
from 67 to 88% (VGPR or better rates ranging from 23 to 47%) and CR/nCR rates ranging 
from 13 to 21%. Post-ASCT, RR in the range of 90%, CR/nCR rates of up to 35% and VGPR 
or better rates up to 62% have been described. [17],[18],[19],[20] 

Lenalidomide and dexamethasone 

Lenalidomide and dexamethasone (LD) use was associated with RR of 91% and 18% CR 
rates. In patients who underwent ASCT the 2 year OS and PFS was 92% and 83% 
respectively as compared to 90% and 59% for those who did not undergo ASCT. However 
the yield of stem cells diminished upon prolonged use of this combination and hence it has 
been suggested that an early stem cell harvest might be necessary in the case of patients 
planned for delayed ASCT. [21] 

Bortezomib-based combinations with other drugs 

Bortezomib, doxorubicin and dexamethasone (PAD) was evaluated as induction using 
bortezomib 1.3 mg/m 2 (PAD1, N=21) or 1.0 mg/m 2 (PAD2, N=20). Complete/very good 
partial response rates with PAD1/PAD2 were 62%/42% post-induction and 81%/53% post-
transplant. PFS (29 vs. 24 months), OS (2 years: 95% vs. 73%) were statistically similar but 
favored PAD1 versus PAD2. [22] Thus standard dose bortezomib was associated with better 
response rates as compared to the lower dose in which however the toxicity was lesser. This 
result was also suggested in earlier reports. With low dose bortezomib, CR rates of 11% 
were seen which improved to 37% post-ASCT. [23] RR of 95% and CR rates of 24% was seen 
with standard dose bortezomib and post-ASCT CR rates improved to 57% (81% had VGPR 
or better responses). [24] 

Liposomal doxorubicin-based regimens 

Bortezomib, liposomal doxorubicin and dexamethasone have been used with RR 93% (63% 
VGPR or better) and CR rates of 43%. Following ASCT CR rates improved to 65% (75% of 
the responses were VGPR or better). [25] 

In regimens excluding dexamethasone (Bortezomib, Liposomal Doxorubicin alone) RR of 
79% and CR rates of 28% have been observed. [26] 
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The three drug regimen of dexamethasone, vincristine, liposomal doxorubicin (DVd) 
yielded response rates of 66%. [27] 4 drug regimens comprising of dexamethasone, 
vincristine, liposomal doxorubicin and thalidomide (DVd+T) have been used with RR 74-
83% and CR rates varying from 10-36%. [28],[29] 

Bortezomib and thalidomide/ lenalidomide combinations 

The three drug combination (VTD) of bortezomib, thalidomide and dexamethasone has 
resulted in 87% RR and up to 36% CR/nCR rates. After ASCT, CR/nCR rates improved to 
57%. VGPR or better rates were seen in 77% cases. In this GIMEMA trial the high CR rates 
achieved after induction with VTD were not influenced by the presence of deletion 13 or 
t(4;14) thus suggesting their role in overcoming high risk cytogenetics. [30] 

Use of VDT PACE (cisplatin, doxorubicin, dexamethasone, etoposide) resulted in OR 89% 
and CR rates of 22%. After ASCT CR/nCR rates improved to 75%. [31] 

The combination of lenalidomide, bortezomib, dexame-thasone yielded CR rates of 20% and 
RR of 87%. [32] Thus ASCT improves upon the response rates of the induction regimens 
including those incorporating newer agents. 

4.1 Tandem transplants 

Tandem transplants have been used to improve the results of ASCT. 69% CR rates were 
reported with tandem ASCT in a very select group of patients. [33] Barlogie reported a 41% 
CR rate with such a strategy (total therapy). [34] Attal et al compared single vs. tandem 
ASCT in 399 patients and found that though the CR rates were equivalent (42 vs. 50%), the 7 
year EFS and OS were significantly improved (10% vs. 20% EFS, 21% vs. 42% OS), [35] while 
the Bologna [36] trial has not shown a significant benefit for tandem transplantation. 

Tandem transplants are useful in patients having PR or stable disease in response to the first 
transplant and are not usually recommended in those who have had a CR or VGPR. 

Additionally it has been suggested that the negative impact of having both cytogenetic 
abnormalities: deletion 13 and t(4;14), which were associated with very low VGPR rates with 
TD, were offset by tandem transplantation. The VGPR rates were 12% in this subgroup of 
patients as compared to VGPR rates of 41-50% in patients with either of these abnormalities 
when given an induction regimen comprising of TD. The 3 year PFS and OS were nearly 
identical after tandem ASCT (70% vs. 77% and 92% vs. 88%, respectively). [37] 

4.2 Other agents in tandem ASCT 

The total therapy II trial included thalidomide into the induction, consolidation, tandem 
ASCT and maintenance strategy. After transplantation the CR rate in the thalidomide arm 
was 62% vs. no thalidomide 43% and though the EFS improved (48% vs. 38%) there was no 
difference in OS because of the more aggressive nature of the disease at relapse in those who 
were on thalidomide. [38],[39] 

The total therapy III trial has incorporated VDT-PACE into induction, consolidation, tandem 
ASCT and maintenance strategy and have reported 83% CR/nCR rates for patients 24 
months into the program. [40] 
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With better CR/VGPR rates after a single ASCT seen upon incorporation of the newer 
induction regimens, the requirement of a tandem transplant is expected to reduce. 

Use of drug combinations: Bortezomib and melphalan in the conditioning regimen 

In a preliminary study, a combination of bortezomib and melphalan was used in the 
conditioning regimen in 35 poor risk patients (including those who did not achieve VGPR 
after a first transplant). Three months after ASCT, 63% VGPR including 31% CR was 
observed suggesting that the combination had the potential to better the responses seen 
with melphalan alone but this would require confirmation from other studies: especially 
from those in which bortezomib was used as the induction regimen. [41] 

5. Renal failure and transplantation 
The Arkansas group studied autologous SCT in 81 patients with renal failure (including 38 
patients on dialysis). Melphalan 140 mg/m 2 appeared as effective as melphalan 200 mg/m 
2 as a conditioning regimen and was less toxic. 13 (24%) of the 54 patients evaluable for 
renal function improvement became dialysis free at a median of 4 months after transplant. 5 
year EFS and OS of 59 patients on dialysis at the time of ASCT were 24% and 36%. [42],[43] 

The PETHEMA (Spanish) group reported studied 14 patients and reported a TRM of 29% 
and a 3 year OS of 49%. [44] 

In another study involving 46 patients with myeloma and renal impairment (21% dialysis 
dependent), 15(32%) showed improvement of CrCl of at least 25% above baseline. TRM of 
4% and 3 year PFS and OS of 36% and 64% were reported. [45] 

6. Allogenic stem cell transplantation 
Allogenic SCT has the potential to induce molecular remissions and is at least theoretically 
the only possible curative treatment modality. [46],[47] The high incidence of infections and 
GVHD has limited its utility. 

Initial studies suggested a CR rate of 44%. The overall actuarial survival rate was 32% at 4 
years and 28% at 7 years. The overall relapse-free survival rate of patients in CR after BMT 
was 34% at 6 years. [48] 

Most studies have reported TRM's ranging from 37-55% while only the EBMT study (1994-
1998) reported a TRM of 30%. [49] Data suggest that only 10-20% patients are long term 
survivors: many of them in molecular remission. [49],[50],[51],[52] 

Neither use of peripheral blood stem cells or T cell depletion has resulted in a decrease in 
TRM. [53],[54] 

In the Dutch-Belgian Hemato-Oncology Cooperative Group, T cell-depleted allogeneic 
transplantation in 53 patients resulted in a medial survival of only 25 months. [55] 

A similar treatment strategy employed at Dana Farber in 66 patients resulted in a 
nonrelapse TRM of 35%, with a PFS at 4 years of 23%. [47] 

The toxicities of the procedure limit it's use to the minority of patients who are less than 55 
years of age and have a HLA matched donor. Even then, the high TRM results in short term 
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t(4;14) thus suggesting their role in overcoming high risk cytogenetics. [30] 
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and CR rates of 22%. After ASCT CR/nCR rates improved to 75%. [31] 
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RR of 87%. [32] Thus ASCT improves upon the response rates of the induction regimens 
including those incorporating newer agents. 
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Tandem transplants have been used to improve the results of ASCT. 69% CR rates were 
reported with tandem ASCT in a very select group of patients. [33] Barlogie reported a 41% 
CR rate with such a strategy (total therapy). [34] Attal et al compared single vs. tandem 
ASCT in 399 patients and found that though the CR rates were equivalent (42 vs. 50%), the 7 
year EFS and OS were significantly improved (10% vs. 20% EFS, 21% vs. 42% OS), [35] while 
the Bologna [36] trial has not shown a significant benefit for tandem transplantation. 

Tandem transplants are useful in patients having PR or stable disease in response to the first 
transplant and are not usually recommended in those who have had a CR or VGPR. 

Additionally it has been suggested that the negative impact of having both cytogenetic 
abnormalities: deletion 13 and t(4;14), which were associated with very low VGPR rates with 
TD, were offset by tandem transplantation. The VGPR rates were 12% in this subgroup of 
patients as compared to VGPR rates of 41-50% in patients with either of these abnormalities 
when given an induction regimen comprising of TD. The 3 year PFS and OS were nearly 
identical after tandem ASCT (70% vs. 77% and 92% vs. 88%, respectively). [37] 

4.2 Other agents in tandem ASCT 

The total therapy II trial included thalidomide into the induction, consolidation, tandem 
ASCT and maintenance strategy. After transplantation the CR rate in the thalidomide arm 
was 62% vs. no thalidomide 43% and though the EFS improved (48% vs. 38%) there was no 
difference in OS because of the more aggressive nature of the disease at relapse in those who 
were on thalidomide. [38],[39] 

The total therapy III trial has incorporated VDT-PACE into induction, consolidation, tandem 
ASCT and maintenance strategy and have reported 83% CR/nCR rates for patients 24 
months into the program. [40] 
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With better CR/VGPR rates after a single ASCT seen upon incorporation of the newer 
induction regimens, the requirement of a tandem transplant is expected to reduce. 

Use of drug combinations: Bortezomib and melphalan in the conditioning regimen 

In a preliminary study, a combination of bortezomib and melphalan was used in the 
conditioning regimen in 35 poor risk patients (including those who did not achieve VGPR 
after a first transplant). Three months after ASCT, 63% VGPR including 31% CR was 
observed suggesting that the combination had the potential to better the responses seen 
with melphalan alone but this would require confirmation from other studies: especially 
from those in which bortezomib was used as the induction regimen. [41] 

5. Renal failure and transplantation 
The Arkansas group studied autologous SCT in 81 patients with renal failure (including 38 
patients on dialysis). Melphalan 140 mg/m 2 appeared as effective as melphalan 200 mg/m 
2 as a conditioning regimen and was less toxic. 13 (24%) of the 54 patients evaluable for 
renal function improvement became dialysis free at a median of 4 months after transplant. 5 
year EFS and OS of 59 patients on dialysis at the time of ASCT were 24% and 36%. [42],[43] 

The PETHEMA (Spanish) group reported studied 14 patients and reported a TRM of 29% 
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In another study involving 46 patients with myeloma and renal impairment (21% dialysis 
dependent), 15(32%) showed improvement of CrCl of at least 25% above baseline. TRM of 
4% and 3 year PFS and OS of 36% and 64% were reported. [45] 
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Allogenic SCT has the potential to induce molecular remissions and is at least theoretically 
the only possible curative treatment modality. [46],[47] The high incidence of infections and 
GVHD has limited its utility. 

Initial studies suggested a CR rate of 44%. The overall actuarial survival rate was 32% at 4 
years and 28% at 7 years. The overall relapse-free survival rate of patients in CR after BMT 
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1998) reported a TRM of 30%. [49] Data suggest that only 10-20% patients are long term 
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Neither use of peripheral blood stem cells or T cell depletion has resulted in a decrease in 
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In the Dutch-Belgian Hemato-Oncology Cooperative Group, T cell-depleted allogeneic 
transplantation in 53 patients resulted in a medial survival of only 25 months. [55] 

A similar treatment strategy employed at Dana Farber in 66 patients resulted in a 
nonrelapse TRM of 35%, with a PFS at 4 years of 23%. [47] 

The toxicities of the procedure limit it's use to the minority of patients who are less than 55 
years of age and have a HLA matched donor. Even then, the high TRM results in short term 
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survival benefits in favor of the auologous transplant as compared to the allogenic 
transplant thus making this treatment strategy unviable at most centers. [56] 

7. Reduced intensity allogenic transplantation 
This treatment strategy was implemented in order to reduce the TRM while retaining the 
graft versus myeloma effect. [57],[58],[59],[60],[61],[62],[63] 

The conditioning regimens consisted of 1) Fludarabine /melphalan with / without in vivo T 
cell depletion with antithymocyte globulin (ATG) or alemtuzumab or 2) low dose TBI 
with/without fludarabine. [57],[58],[59],[60],[61],[62],[63] 

This strategy has also been associated with substantial toxicity with a TRM of approximately 
20%, acute GVHD rates of 30% and chronic GVHD rates of 50%. Low tumor burden at time 
of transplantation was associated with better survival. [57],[58],[59],[60],[61],[62],[63] 

8. Tandem autologous and reduced intensity allogenic transplantation  
The strategy of reducing tumor load with autologous transplant and following up with 
reduced intensity allogenic transplantation has also been studied. In one major study, TRM 
at 100 days was 11%, the incidence of acute and chronic GVHD were 38% and 40% 
respectively: the CR rate being 73%. [64] 

Unrelated stem cell transplantation in multiple myeloma after a reduced-intensity 
conditioning with pretransplantation antithymocyte globulin has been studied and found to 
be effective with relatively low transplantation-related mortality: I year TRM of 26% and CR 
rate of 40%. [65] 

RIST using TBI of 2 Gy as the conditioning regimen were associated with CR rates of 53-
57%, chronic GVHD rates of 74% and an EFS of 36-37% with a PFS of 25-30% 6 years post 
transplant. [66],[67] 

3 studies have compared tandem ASCT with tandem ASCT/ RIST. Tandem ASCT/RIST 
arms were associated with TRM ranging from 11-18%, 50% to 74% incidence of extensive 
chronic GVHD, one-third of the patients were on immunosuppressive drugs at 5 years, 
donor lymphocyte infusions were ineffective at relapse, and PFS and OS was similar to 
tandem ASCT except in the Italian study which found an increased CR rate and survival 
advantage with allogenic ASCT. [68],[69],[70] In view of these differing studies, the results 
of a major ongoing Bone Marrow Transplant Clinical Trial Network study are eagerly 
awaited. 

In our opinion RIST should not be offered outside of a clinical trial in view of significant 
TRM and GVHD risks as compared to autologous SCT. 

9. Conclusion 
ASCT represents one of the most important therapeutic options in the treatment of eligible 
patients suffering from multiple myeloma. 

Newer drugs like thalidomide, bortezomib and lenalidomide have resulted in a marked 
improvement in relapse rates.  
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Regimens like MPT (melphalan, prednisone and thalidomide), [71],[72],[73] MPV 
(melphalan, bortezomib and prednisone) [74] and MPR (melphalan, prednisone and 
lenalidomide) [75] have yielded impressive results with RR varying from 76% to 89% and 
CR rates varying from 15.6 to 30% in patients ineligible for transplantation.  

The MPT regimen was in fact superior to the intermediate dose (melphalan 100 mg/m 2 ) 
ASCT. [73] However the survival benefit has to be assessed against high dose chemotherapy 
in order to claim equivalence or superiority to   HDT-ASCT. 

ASCT remains the standard of care in eligible patients. Better induction strategies will 
hopefully improve the results . There is a debate whether patients in CR/nCR or even VGPR 
after induction therapy should be subjected to upfront ASCT or placed on maintenance 
therapy. In such a situation ASCT could then serve as a treatment option at relapse. The role 
of allogenic transplantation also keeps evolving but is tempered by the spectre of increased 
procedure-related morbidity and mortality. Non myeloablative transplants done after initial 
ASCT offer some promise but at the expense of great morbidity and at present cannot be 
offered outside the purview of a clinical trial. .[76,77] 
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