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Preface

Multiple myeloma is the second most common haematological malignancy. This book does
not provide a comprehensive overview of the disease but offers a collection of chapters with
in-depth information on distinct hot topics in the diagnostic, research and therapeutic fields.
On the biological side, the authors show plasticity of myeloma cells and describe the innova‐
tive models to assess multiple myeloma biology. On the clinical side, the authors analyse
current therapeutic development. Pharmacotherapy of multiple myeloma is an example of
the fast introduction of scientific discoveries into clinics. The dynamics of testing new drugs
for multiple myeloma treatment in clinical trials is breathtaking. Scientific discoveries have
uncovered complicated pathogenesis of multiple myeloma; complicated reactions to treat‐
ment lead to creation of super cocktails. This strategy is most beneficial for the patient, but it
is not yet personalized medicine. The curability of multiple myeloma is a question that is
being discussed by the entire professional myeloma world. Regardless of your position in
this debate, some professionals are missing the vital point in this debate - the incredible im‐
provement in treatment options. Consequently, improvement of prognosis is a fact which is
most important from a patient’s perspective.

This book will be of interest to medical professionals specializing in hematooncology, re‐
searchers, as well as many others.

Prof. Roman Hajek
Department of Pathological Physiology,

Faculty of Medicine, Masaryk University,
Czech Republic
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Chapter 1

Strategies for the Treatment of Multiple Myeloma
in 2013: Moving Toward the Cure

Roman  Hajek

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55366

1. Introduction

Multiple myeloma (MM) is a hematooncological disease, and in recent years, overall survival
of patients has been significantly increased. Improvement of treatment results is connected not
only to the introduction of autologous transplantation of hematopoietic cells into the treatment
strategy for younger patients in the 90s but also to the introduction of new beneficial drugs
into clinics; in the first decade of this century, bortezomib, thalidomide and lenalidomide were
introduced in [1]. These new drugs have repeatedly proven their high treatment efficacy in
clinics in all age groups of patients, in primotherapy as well as refractory disease. There are
also newer drugs currently under investigation, such as new proteasome inhibitors (carfilzo‐
mib, MLN9708 and other peroral proteasome inhibitors) and other immunomodulatory drugs
(pomalidomide) with the aim to improve or maintain treatment effects and decrease unfav‐
orable effects in [2]. Using drugs from both these groups together with glucocorticoids and
alkylating cytostatics had a major impact on prolonging survival of our patients as previously
published. On the other hand, it is clear that use of only one of the new efficient drugs in
combination with glucocorticoids and alkylating cytostatics does not lead to a cure in [3-7].
Optimization of dosage in combination with other drugs and the length of treatment have been
clarified for thalidomide and bortezomib. Current dosage levels are different from recorded
dosages in registration studies which in certain cases led to common or higher level of side
effects than is acceptable; these side effects are reduced after optimization. Side effects,
especially the long-term ones, may fundamentally influence the quality of life of patients after
successful treatment. Nowadays, optimization of thalidomide and bortezomib treatments is
almost completed and lenalidomide optimization is currently being processed in [5]. It is
logical to think that optimization of efficient drugs is a never ending process that waits for
each new efficient drug, for example carfilzomib and pomalidomide in the near future. A

© 2013 Hajek; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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variety of new drugs are being tested in clinical studies at phases I/II. In MM treatment, modern
target therapies are being tested, such as monoclonal antibodies, kinase inhibitors or inhibitors
of other target molecules connected to one of the signaling pathways important for malignant
cells. Although treatment results of this group of drugs failed to reach expectations, we feel
that they will produce very promising results in the future. Current treatment strategies will
lead to a cure – a topic which is being discussed very seriously. In this chapter, the current
state of affairs as well as the potentials of pharmacotherapy in MM will be discussed.

2. Basic scientific data influencing current treatment strategies

Our current treatment strategies originate from a variety of research data that may be shortly
described as follows:

a. Every MM is preceded by a precancerosis called monoclonal gammopathy of undeter‐
mined significance (MGUS) in [8]. Individual stages starting from the occurrence of first
clonal plasmocyte to MGUS, MM, refractory MM up to plasmocellular leukemia are
concurrent; in one individual, they may be described as disease progression changing in
time. Many internal and external factors influence the phase when the initial plasmocyte
will develop into hematological malignancy requiring therapy (Fig.1).
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b. There is a variety of subtypes of multiple myeloma as this disease is very heterogenous.
Thus, MM patients have various prognoses. All currently available classifications (based
on ISS, cytogenetics, gene expression profiling, etc.) allow for classification of patients into
groups with high, low or sometimes also intermediate risk for long-term survival.
Unfortunately, no classification is specific enough to allow for prediction of treatment
success and prognosis for each individual patient in [9-11].

c. Based on the subclonal theory as well as new proofs, it seems probable that there are more
clones of plasmocytes present at the time of diagnosis in one patient. Various subclones
exist in a dynamic equilibrium, competing for limited resources with alternating domi‐
nance of various subclones at different time points. These clones have various character‐
istics including treatment sensitivity, and their ratio is significantly influenced by the
treatment given to patients. It seems that new subclones may originate even during
treatment and/or course of the disease in [12,13]. This finding has completely changed our
view of efficacy of simple combination treatments with one novel agent. On the other
hand, it is in complete harmony with important successes in the treatment including the
cure in patients treated with intensive sequences of treatment protocols consisting of most
efficient drugs. Drug combinations are essential to overcome resistance and the impact of
intra-clonal heterogeneity in [14].

d. Treatment resistance to a specific drug does not have to be absolute. From the above
mentioned subclonal theory, it is obvious that disease resistance to a certain drug in first
progression does not have to be resistant to the same drug in the fourth progression. Then,
the subclone sensitive to the drug may or may not be prevalent over resistant subclones.
In case there are no other treatment options available, it is suitable to test sensitivity to
previously used drugs.

3. Treatment strategy and treatment line

When deciding on a treatment, it is necessary to plan a complex treatment – not only anticancer
treatment but also supportive treatment; it is important to think about relapse at the time of
initial treatment, which drugs to use so that initial treatment does not block further steps in
the future. Autologous transplantation is a basic part of treatment wherever possible. Today,
treatment strategies use optimal choices of treatment lines, in an individual that should cover
5-7 disease activities within 10 years of treatment if necessary.

4. Newly diagnosed multiple myeloma

Current treatment strategies for newly diagnosed patients are always aiming to reach deepest
complete remission - molecular or immunophenotypic in [15,16]. In the first decade of this
century, therapeutic regimens with one novel agent as backbone together with glucocorticoids
and alkylating cytostatics were used as high standard based on randomized trials (Tab. 1).
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Modern protocols of second decade use intensive treatment strategies in the clinical trials
called “Multi Agent Sequential Therapy Targeting Different Clones” with at least two novel
agens based on the strong evidence of curative potential of such approaches such as Total
Therapy trials pioneered by Bart Barlogie in the Little Rock in [14].

MPT > MP Randomized trial 6 

MPV > MP Randomized trial 1 

MPR - R > MP Randomized trial 1 

VMPT - VT > MP Randomized trial 1 

M – melfalan, P – prednison, T – thalidomide, V – Velcade (bortezomib); R – Revlimid (lenalidomide)

Table 1. Better PFS on randomized trials with one novel agent based regimen vs. melphalan prednisolon (MP)

1. Induction therapy (2-6 lines of combined therapy) in [17]

2. Myeloablative treatment (1-2 autologous transplantation)

3. Consolidation therapy (3-4 cycles of combined treatment, if possible different from entry
induction therapy) in [18,19]

4. Maintenance therapy by lenalidomide and possible combination of drugs should ensure
maintenance of remission due to probable immunomodulatory effect in [20,21].

A similar course without myeloablative regimen but with extension of the induction phase of
therapy should be evaluated for seniors not indicated for a myeloablative regimen. Unfortu‐
nately, in this group of patients, proof of curability is still anecdotal; treatment is less intensive
and more modified based on status of the patient. It is important to treat the patient and not
the disease. Adequate intensity of therapies in fragile patients is one of the more important
aspects for a final positive outcome (Tab. 2) in [22]. Novel combinative fully peroral regimens
with two novel agens will further improve prognosis in patients not indicated for myeloabla‐
tive treatment.

5. Relapse of multiple myeloma

Aims of treatment for patients with relapsed/progressed disease are more limited. Key targets
of intensive therapeutic strategies regarding the first and second relapse should be to make
the disease chronic again for several years. Balance between efficacy and toxicity as well as
long-term toxicity (peripheral polyneuropathy) are main issues in this setting in [23]. Re-

Multiple Myeloma - A Quick Reflection on the Fast Progress4

transplantation is always one of the most effective treatment options during the relapse setting
and can be very safely used based on the individual history of the patient in [24]. There is a
reduced chance to achieve complete remission if compared to first line therapy. However,
combinative regimens using two novel agents (carfilzomib or bortezomib with lenalidomide
or thalidomide) are able to induce even higher proportions of remission including complete
remission than older types of therapy without the use of imunomodulatory drugs and
proteasome inhibitors in newly diagnosed patients (personal experience with lenalidomide
and carfilzomib). Generalized benefits for patients in further relapses from a similar number
of treatment cycles using one novel agent (IMiD or proteasome inhibitor) is in median at least
1 year in [25]. Thus, the main benefit is not due to overcoming the natural course of the disease
but rather to the possibility of using other novel agents in the next relapse. In the advanced
disease stage, the treatment is very individualized and reaches a state of stability for a longer
period of time (> 6 months) is considered to be acceptable treatment outcome. Long term
survival of more than 10 years is currently reached for more than one third of multiple
myeloma patients; this has been achieved due to new efficient drugs that can be offered to
patients in relapse. It is important to create long-term treatment strategies so that the patient
is offered efficient treatment even in third, fourth and further relapses of the disease. The
patients who have relapsed after at least two new drugs have a very poor outcome if no other
new drug is available, and they should receive the best palliative care in [26].

Agent Dose level 0 Dose level -1 Dose level -2

Dexamethasone
40 mg/d

d 1,8,15,22 / 4 wk

20 mg/d
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d 1-21 / 4 wks

50 mg qod
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Wk, week; d, day; qod, every other day

Adopted from Palumbo & Anderson, New Engl J Med 2011

Table 2. Dose reductions algorithm for frail patients
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6. Drugs available for intensive treatments

It is necessary to note that novel agents, imunomodulatory drugs (thalidomide, lenalidomide,
pomalidomide) and proteasome inhibitors (bortezomib, carfilzomib), are key players currently
used in therapeutical protocols and/or in the clinical trials. The ’old’ drugs, such as alkylating
cytostatics and glucocorticoids, still belong to the most effective group of drugs in multiple
myeloma. These old drugs are used in most treatment protocols. The therapeutic strategy in
newly diagnosed patients is described in details in another chapter (Induction Therapy in
Multiple Myeloma). The same drugs could be used in a relapse setting depending on the
components of initial therapy, efficacy and toxicity of the initial therapy, patient status and
circumstances of relapse (age, performance status, glucose metabolism, aggressive vs non-
aggressive relapse, bone marrow reserve, renal function impairment, pre-existing peripheral
neuropathy and quality of life considerations).

7. Drugs available for the maintenance part of treatment regimen

Decade after decade, there is a change in opinion about benefits of maintenance therapy. While
conventional cytostatics and glucocorticoids were used because of lack of any other option,
the era of interferon alpha ended with the introduction of immunomodulatory drugs. It is also
true that worldwide, interferon alpha had never been accepted as routine maintenance therapy
because of its comparatively high toxicity as well as minimal benefit for the unclassified
subgroup of patients in [28].

8. Immunomodulatory drugs (IMiDs)

Meta-analysis of randomized clinical studies of phase III with thalidomide as maintenance
therapy confirms the benefits of use after autologous transplantation. Statistically significant
increase of PFS in six studies and overall survival prolongation in three studies were noted.
On the other hand, only one third of patients tolerated thalidomide maintenance therapy for
more than a year. At this point, when there are less toxic drugs available for maintenance
therapy, thalidomide is recommended as a part of short-term intensive consolidation therapies
in [29,28,30].

Lenalidomide was tested in two independent randomized clinical trials of phase III as
maintenance treatment after autologous transplantation. Both these trials, CALGB 100104 and
IFM 2005-02, demonstrated benefit from lenalidomide compared to placebo, which showed a
major decrease in risk of progression by 60% in [21] and an improvement of three-year PFS in
the group with lenalidomide (61% vs. 34%) in [20]. Based on new analyses (follow-up of 28
months), there was a statistically significant improvement in overall survival in Len/Dex
treated groups of patients in comparison to the placebo treated group of patients, regardless
of short follow-ups in [21]. Its role in maintenance therapy is highlighted by improved results
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when RMP-R treatment is used with maintenance therapy compared to RMP without main‐
tenance therapy in a study of seniors MM-015 in [31]. RMP-R treatment ensured one of the
longest median of PFS (31 months). Maintenance therapy of lenalidomide was generally well
tolerated with no signs of cumulative toxicity as in the case of thalidomide. Although the
occurrence of secondary malignancies after lenalidomide treatment was increased, the risk of
disease progression or death by MM overcame this risk in [5]. Despite superb results of
maintenance therapy by lenalidomide, it is not yet approved for maintenance therapy till the
end of the year 2012 mainly due to safety reasons, although long-term results are also limited.

9. Inhibitors of proteasomes

In the study GEM/Pethema, patients were induced by VMP (bortezomib, melphalan, predni‐
solon) or VTP (bortezomib, thalidomid, prednisolon) and randomized for maintenance
treatment (VT or VP) for 3 years. Maintenance treatment with bortezomib increased IF-CR
from 24% to 42% in [32]. Maintenance treatment with bortezomib was better after autologous
transplantation in comparison to thalidomide (PFS 28 vs. 35 months; p=0.002), and overall
survival benefit was seen not only for the whole group (p = 0.049) but also for high risk patients
in [33]. So far, there is not enough information about maintenance therapy with bortezomib
although the data are promising. The change in the route of bortezomib administration from
intravenous to subcutaneous significantly reduced toxicity, mainly peripheral polyneurop‐
athy in [34]. Thus, long-term use of bortezomib will be more suitable for patients starting at
the end of the year 2012. Moreover, novel proteasome inhibitors that undergo clinical trials
have limited toxicity and per oral route of administration that further increased their potential
for maintenance therapy in [35].

10. Curability of available treatment options

Multiple myeloma is curable if an intensive combination regime is used upfront. Long-term
complete remission becomes a more important factor than reaching complete remission.
Complete remission that lasts more than three years is the first milestone on the road towards
curability in [36]. It is necessary to accentuate that in the light of current knowledge and long-
term experience with intensive regimens, the possibility of curing MM patients is being
discussed from the end of 2011 in [37]. The first report, at the time very provocative, was
presented at ASH in 2009 suggesting the possibility of a cure in 2009 in [29]. This was a major
breakthrough in the observation of this malignant disease.

Which MM patients have a chance of a cure and what is that chance? Curability depends on
reaching a deep and constant complete remission which is most probable and possible in MM
patients with a favorable prognosis suitable for autologous transplantation. Of which are
treated by an intensive combination treatment composed of the most effectively available
drugs. These drugs are set into a complex block of entry induction therapy followed by
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maintenance therapy. Curability is possible only in patients with a low-risk based on gene
expression profiles and cytogenetics based on experience from Total Therapy 3 treatment
protocols in [30]. It is important to realize how many patients really have this chance. Of all
MM patients, about 40% are involved in intensive treatments. Out of these patients, about 80%
are low risk which means about 32% of entry number. To simplify the calculation, about 75%
of these patients reach complete remission (24% of entry numbers), and up to 85-90% of these
patients reach long-term complete remission (21% of entry numbers) with a chance of cura‐
bility at about 50-60% (10-12% of entry numbers) in [29,36,30]. Thus, based on available data,
a qualified estimate would suggest that a chance for cure is possible for 10% of MM patients
and 25% of patients who are able to undergo intensive treatments including myeloablation.
These results changed natural course of the disease (Fig.2); moreover, they were impossible
20 years ago.
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Figure 2. Natural history of multiple myeloma can be changed

11. Summary

In 2012, we can announce MM to be a curable disease under favorable prognostic conditions
at the time of diagnosis and using intensive therapy in about 10% of MM patients. Relapsed
MM or disease progression is not curable using current treatment options with the exception
of allogeneic transplants in some cases. Due to highly efficient drugs, especially proteasome
inhibitors and immunomodulatory drugs, our current treatment options are such that we can
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modulate another 5-6 active parts of the disease and offer long-term survival of more than 10
years to more than 1/3 of the patients.
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1. Introduction

Secretion of monoclonal immunoglobulins (M-Ig) may be associated with several malignant
conditions, also called M-protein, paraprotein, or M-component they are produced by an
abnormally expanded single (‘’mono-‘’) clone of plasma cells in an amount that can be detected
in serum, urine, or rarely in other body fluids [1]. The M-Ig can be an intact immunoglobulin
(Ig) (containing both heavy and light chains), or light chains in the absence of heavy chain
(encountered in light chain myeloma, light chain deposition disease, AL amyloidosis), or rarely
heavy chains in the absence of light chains only (heavy chain disease).

All intact Igs have the same structure, made up of mirror imaged identical light and heavy
chains. There are five classes of heavy chain, γ, α, μ, δ and ε with two classes of light chain κ
and λ. Igs are secreted by terminally differentiated B-lymphocytes and their normal function
is to act as antibodies recognizing a specific antigen.

During B-cell maturation, the rearrangement of Ig heavy and light chain genes takes place
early in pre-B-cell development and ends in memory B-cells or Ig producing plasma cells that
have a unique heavy and light chain gene rearrangement, thus being selected to recognize a
given antigen. During, oncogenic events which occur randomly during this process, the B cell
may acquire a survival advantage, and proliferate into identical (clonal) daughter B-cells able
to differentiate into Ig producing cells secreting a monoclonal component. With additional
oncogenic events a mature B-cell neoplasm may develop, carrying the inherent ability to
produce a monoclonal Ig. Multiple myeloma and Waldenstrom’s macroglobulinaemia are
architypical of Ig-secreting B-cell disorders.
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unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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The purpose of this present chapter is to describe the properties of M-Igs and discuss the
biologic, clinical and other implications of their presence in the course of B-cell disease entities.

2. Ontogeny of normal and monoclonal Ig-producing B-cells

2.1. B-cell development

B-cell maturation is a complex process that comprises both cell differentiation into Ig secreting
plasma cells and, in parallel, the rearrangement of the genes responsible for Ig synthesis.
Furthermore it includes inherent risks of genetic derailment because it is associated with DNA
remodelling with intrinsic instability, thus presenting the possibility of malignant development.

B cell development begins in the bone marrow (BM) from gestation week 18 and throughout
life. The generation of pro-B cells from a common lymphoid progenitor cell depends on two
main transcription factors, E12 and E47 and on the contribution of the transcriptional regula‐
tors EBF and Pax-5 [5]. During B-cell evolution the rearrangement of Ig heavy and light chain
genes takes place [2]. The Ig heavy gene (IgH) is located on chromosome 14 while Ig light chain
(IgL) genes are on chromosomes 2 and 22 for κ (1-40 vκ, 1-5 jκ and 1cκ) and λ (1-30 vλ, 1-4 jλ
and 1-4cλ) light chain respectively. Rearrangement of IgH and IgL genes allows variable (V),
diversity (D) and joining (J) gene segments rearrangement. V(D)J recombination starts in
precursor B cells (pre B-I); recombinase activating genes 1 and 2 (RAG-1 and RAG-2), are
essential for this step. The resulting IgVH is frequently not functional therefore the pre-B cell
initiates V(D)J recombination at the other allele. If this is successful, the complete IgVH will
be expressed as an Igμ H chain in the cytoplasm (Cy-Igμ) and on the membrane, together with
a surrogate light chain, the pre B cell receptor complex (pre-BCR). Accordingly the pre-B-II
cell proliferates, then looses its pre-BCR and re-express RAG proteins [7]. At that point, the B-
cell is transformed into a small pre B-II cell that will subsequently rearrange the IgL variable
gene segments and expresses a mature membrane BCR. If the BCR is not strongly self-reactive,
the immature B cell leaves the BM as transitional B cell that evolves into naive B cell in the
spleen; alternatively, it may mature in the periphery. However, if the immature B cell is still
self-reactive, it will remain in the BM for additional IgVL recombination, replacing the self-
reactive IgVL by another IgVL and so on. B cells producing self-reactive BCRs are removed
from the repertoire during maturation by BM silencing mechanisms [3;4]. Splenic transitional
B cells (CD27- CD5+ CD10+ CD24hi CD38hi and L-selectinlo) undergo differentiation into mature
naive B2, also called follicular (FO) B cells, or marginal zone (MZ) B cells [5]. The aforemen‐
tioned B-cell population is characterized by limited proliferative capacity and survival upon
BCR stimulation; it comprises less than 2% of the peripheral B cells [6]. While maturating in
the spleen, transitional B cells loose CD10 and CD5 and start expressing higher levels of L
selectin and CD44. Following which the B cell transforms into conventional naive B2 cells that
recirculate via the blood to the secondary lymphoid tissues or organs [7]. MZ cells could
represent the normal counterpart of marginal zone lymphoma cells and CD5+ B-cells the one
of mantle cell lymphoma (MCL) and chronic lymphocytic leukemia (CLL). Blood also contains
a small normal population of naive CD5+ CD27- cells that frequently produce poly-/self-
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reactive antibodies (Abs) [8]. The CD5 molecule negatively regulates BCR signals [9] and CD5
B cells represent 50% of poly-/self-reactive cells [10].

Lymph node (LN) colonization depends on the expression of L-selectin and integrin αLβ2
(LFA-1), while recruitment to mucosa-associated lymphoid tissues (MALT) depends on
expression of L-selectin and integrin α4β7. Without antigenic stimulation, the naive B cells
recirculate again.

Activation of mature naive B cells into Ig secreting plasma cells can be T-helper independent
(TI) and antigen free, via invariant receptors (TI-1), or derives from crosslinking of the BCR by
polyvalent Ags (TI-2). More frequently, it is performed in close collaboration with CD4-
expressing T cells (T-helper dependant: TD), and results from a monovalent Ag aggression.
MZ B cells of the spleen and other mucosal sites, mostly respond to TI-2 Ags, such as poly‐
saccharides of bacterial cell walls and other bacterial components, able to crosslink BCRs [11].
IgM+ MZ B cells that are CD27+ are memory cells while CD27- are naïve; their BCRs display
poly- and self- reactivity.

BM: Bone Marrow, S: Spleen, B: Blood, LN-GC: Lymph Node-Germinal Center, MZL: Mantle Cell Lymphoma, MM: Multi‐
ple Myeloma, LPL: Lymphoplasmacytic Lymphoma, WM: Waldenstroms Macroglobulinaemia, FL: Follicular Lympho‐
ma, CLL: Chronic Lymphocytic Leukemia, BL: Burkitt Lymphoma, HCL: Hairy Cell Leukemia, DLBCL: Diffuse Large B Cell
Lymphoma, HD: Hodgkin Lymphoma, SHM: Somatic Hypermutations, CSR: Class Switch Recombination.

Figure 1. Schematic of B-cell Maturation and B-Lymphoproliferative Disorders Origin

T-helper-cell dependent (TD) B-cell activation takes place in germinal centers (GC) in response
to the presence of free Ags, as part of immune complexes or at the surface of Ag presenting
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cells (APC). B-cells then differentiate into short-lived, Ab-forming plasma cells or proliferate
as centroblasts expressing CD10+, CD38+ and BCL-6. These centroblasts express low amounts
of the BCR at their surface and undergo somatic hypermutations (SHM), by accumulating
nucleotide substitutions in their Ig variable (IgV) genes [12;13]. GC activated B-cells are meant
to be short-lived, except for the few with a high affinity IgV region (BCR) for the Ag. These
high-affinity B cells are selected in the GC light zone, and may undergo class switch recom‐
bination (CSR), switching the IgM/IgD sequence with any of the other downstream region
sequences [14]. Igs formed early in the context of normal response to an Ag aggression are of
IgM and IgD isotypes; these are located on the B-cell surface as recognition receptors. Then
activated B cells divide, and class switching from the IgD and IgM heavy chains to IgG, IgE or
IgA classes takes place [15;16]. The process is regulated by various cytokines [16] while both
SHM and CSR depend on the B-cell-specific enzyme activation-induced cytidine deaminase
(AID) which is highly expressed by GC B cells [17]. Cytokines and costimulatory soluble factors
stimulate the transcriptional activation of individual I promoters and determine the S region
and Ig isotype involved in the CSR event. SHM depends on transcription of the variable (IgVH
and IgVL) regions and leads to point mutations and, to a lower extent, insertions and deletions.
The rate of SHM is about 1 mutation on 1000 nucleotides per cell division. CSR consists on
transcription of the S regions that started upstream of an I exon that is located 5’ of each S
region, giving rise to non-coding germline transcripts that span the I exon, the S region and
downstream CH exons [7].

Terminally differentiated B cells become either Ab-producing mature plasma cells that home
to the bone marrow or memory cells [18]. Memory B cells (CD27+) are Ag-selected B cells,
derived from TD GC responses and usually express either IgM- IgD- or IgM+ IgD+, comprising
about 20% of all peripheral B cells. A small percentage of IgM only (IgM+ IgD-) and IgD only
(IgM- IgD+) also exists. IgD-only B cells have undergone a Cμ deletion due to a non-canonical
CSR event, express Igλ, contain extremely high levels of somatic IgV mutations [19] and show
a strongly biased V3-30 IgVH gene usage [20], that can be seen in some malignant B-cell
disorders [2]. Memory B-cells are long-lived, prone to Ig class switch (to IgG, IgA or IgE) and
contain hypermutated IgV genes. Following stimulation, they present a competitive advantage
over naive B cells in rapidly transforming themselves into plasma cells producing high affinity,
class switched, IgG/IgA Abs [21]. They may hide in BM niches and recirculate numerous times.
It is believed that in most indolent B-cell lymphoproliferative disorders, a proneoplastic
condition precedes where the precursor neoplastic B-cell circulates and recirculates as a
memory cell.

2.2. Malignant transformation

Where one or more oncogenic events occur during B-cell maturation, the resulting daughter
cell will be identical and, if it has the ability to differentiate into an Ig producing cell, it will
secrete a monoclonal component. Consequently, all B-cell mature neoplasms [22] have a
common origin as well as the inherent ability to produce a monoclonal Ig.

Malignant B-cell Non-Hodgkin’s lymphoma (NHL) possibly develops because risks for
genetic derailment are increased during SHM and CSR that are associated with DNA remod‐
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elling. Thus, the initiating steps of the malignant B-cell transformation concern erroneous
V(D)J rearrangement. Recurrent translocations involving the IgH or IgL locus and observed
in B-cell lymphoproliferative disorders are shown in table 1, in relation to their biologic
repercussions in disease entities concerned.

Disease Entity IgH Translocation Gene Involved Biologic Consequences

MCL/MM t(11;14)
Cyclin D1 encoded

by CCND1

Regulator of CDKs

CDK4/CDK6 required for cell cycle transition

G1→S

FL t(14;18) Bcl2 Antiapoptotic

MM t(4;14) FGFR3
Signal transduction, pathways activation, cell

proliferation regulation & differentiation

MM t(6;14) Cyclin D3 Cell cycle: G1→S transition

MM t(14;20) MAFB
Transcription factor, lineage specific

hematopoiesis regulation

MM t(14;16) c-MAF
Cell cycle Stimulation. Promote interactions

of tumor & stromal cells

BL/MM t(8;14) myc

Transcription factor, cell proliferation,

differentiation, apoptosis, stem cell self

renewal

Table 1. Main Recurrent Translocations Involving The IgH Locus

Monoclonal gammopathy of undetermined significance (MGUS) is a pro-neoplastic condition
that may evolve into multiple myeloma (MM) or other B-cell lymphoproliferative disorders.
MGUS represent a first step in the development of monoclonal diseases while the progression
of MGUS to MM or other entities may be secondary to a random second genetic event. Several
studies indicate that the majority of IgH locus aberrations reported in MM are already present
in MGUS, favoring the hypothesis that these are early genetic events in the progression leading
to MM [23].

In MM, the most frequent partners in reciprocal translocations involving the IgH locus on
chromosome 14q32, are 11q13 (15%), 4p16 (5%), 16q23 (5%), 21q12 (2%) and 6p21 (2%); two
additional partners are also found rarely 12p13 (<1%) and 8q24 (<1%). Thus, the aforemen‐
tioned translocations may deregulate seven oncogenes involved, CCND1, CCND2, CCND3,
MAF, MAFB, MAFA and FGFR3/MMSET [24]. The overall rate of 14q32 translocations
increases with disease progression and reaches 90% in advanced tumors. Light chain translo‐
cations are rather rare in MM, particularly Igκ, which seem to be very infrequent [25]. Changes
in the expression of gene subsets could be partly responsible for disease heterogeneity, as well
as for further disease transformation. Moreover, with the 11q13 partner, constitutive upregu‐
lation of cyclin D1 results, deregulating the cell cycle [26]; t(11;14) is accompanied with a higher
frequency of CD20 expression, hyposecretory disease and λ light chain usage. This subtype is
increasingly encountered in AL amyloidosis, with or without MM, and in the rare IgM MM
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and is associated with favorable outcome. Translocation t(4;14)(p16;q32), is cryptic because of
its telomeric location [27] and has been associated with IgA isotype, λ chain usage, deletion or
monosomy of chromosome 13, immature plasma morphology, more aggressive disease and
shortened survival. It leads to deregulation of fibroblast growth factor receptor 3 (FGFR3) gene
on der(14) and of Multiple Myeloma SET (MMSET) domain gene on der(4); the latter may be
a critical transforming event. t(4;14) was found characterized by deregulation of chromatin
organization, actin filament and microfilament movement [28].

The t(14;16)(q32;q23) leads to the dysregulation of the c-maf oncogene; it is more frequently
encountered in IgA isotope and is associated with chromosome 13 deletion whereas t(14;20)
(q32;q11) results in maf-B deregulation that like c-maf is a basic zipper transcription factor.
The clinical significance of these rare IgH translocations is unknown and under investigation.
However, the oncogenic process is continually going on during disease course and secondary
IgH translocations can be observed such as those involving the myc oncogene (8q24), that are
associated with advanced and aggressive disease. Especially in patients with cytogenetically
high-risk disease, more changes are observed, including heterogeneous clonal mixtures with
shifting predominant competitive clones [29].

It is interesting to observe that the abnormalities observed are not disease specific and can
occur in different B-cell disorders in which they may confer different phenotypes, suggesting
a role for additional factors [24].

A hallmark of Burkitt lymphoma (BL) is the expression of the myc oncogene, which has an
essential role in cell proliferation, cell growth, protein synthesis, metabolism and apoptosis
[30]. myc deregulated expression arises from t(8;14)(q24;q32), juxtaposing myc to the IgH
locus, in 80% of cases, whereas in the remaining, myc is translocated to the κ- (2p12), or λ-
(22q11) light chain respectively. In endemic BL, most myc/IgH breakpoints originate from
aberrant somatic hypermutation, in contrast to sporadic cases where the translocation mostly
involves the Ig switch regions of the IgH locus at 14q32. The discrepancies are perhaps due to
differences in Epstein Bar Virus positivity between endemic and sporadic forms [31]. myc
translocations are not completely specific for BL and have been reported in other B-cell entities.

Almost 70% of mantle cell lymphoma (MCL) patients are genetically characterized by the
chromosomal translocation t(11;14). In several cases, patients also have point mutations and /
or deletion of the ATM (ataxia telangiectasia mutated) gene. In addition, blastic forms or
subtypes with more aggressive clinical behavior, may have additional mutations in genes that
act as negative regulators of the cell cycle such as p16, p18 and p53 [32]. Rarer MCL cases are
negative for cyclin D1, lack t(11; 14) and stand out of the usual clinical picture of MCL [33]; in
such cases, cyclin D2 or cyclin D3 are overexpressed, a different permutation t(2; 12) (p12; p13)
which connects cyclin D2 to the IgL-k locus may be present; it does not cause loss or quanti‐
tative disorder of genetic material, but at a molecular level, reconnecting two chromosomal
regions can disrupt important genetic sequences, causing inactivation or gene mutation.
Moreover, in this permutation, the protooncogene PRAD1 (Parathyroid Adenomatosis 1, or
bcl1) which is normally found on chromosome 11, is swapped in the heavy chain Ig gene on
chromosome 14 [34]. The resulting oncogene bcl1/IGH encodes cyclin D1 that is an important
cell cycle regulator, particularly during the transition from the G1 to the S phase (the same
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applies for cyclins D2 and D3). Under normal conditions, cyclin D1 acts through its interaction
with cyclin dependent kinases (CDKs). CDKs are enzymes that add phosphate groups to
protein-targets in order to make them inactive. The resulting complexes CDK4-D1 and CDK6-
D3, promote the progress to cell cycle phase S, resulting in an uncontrolled proliferation.

Follicular lymphoma (FL) is characterized by the presence of chromosomal translocation
t(14;18), which promotes protein bcl2 overexpression that in turn, leads to the suspension of
apoptosis and survival increment of B cells that harbor the translocation. Less commonly, bcl2
is deregulated by translocation to the Igκ t(2;8) and Igλ t(8;22) loci [35]. The t(14;18) is appa‐
rently mediated by the RAG recombinase proteins, which cleave at J segments in the IgH locus
and at an unusual non B form DNA structure in bcl2. These B cells undergo an epigenetic
reprogramming which, in conjunction with the acquisition of additional events, leads to FL
development. The t(14;18)(q32;q21) may also be observed in diffuse large B cell lymphoma
(DLBCL) [36] and in non-gastric MALT lymphomas. It brings the MALT1 gene under the
control of the IGH enhancer [37].

3. Monoclonal immunoglobulins charateristics

3.1. Ig synthesis, secretion and metabolism

The IgH locus contains a region of 40-50 functional variable (VH), 27 diversity (DH) and 6
joining (JH) gene segments which is flanked by exons encoding the Ig constant regions (Cμ,
Cδ, Cγ3, Cγ1, Cα1, Cγ2, Cγ4, Cε and Cα2). The Igκ locus contains 34-38 functional Vκ and 5
Jκ gene segments and one exon encoding the constant region of Igκ (Cκ). The Igλ locus
comprises 29-30 functional Vλ and 4 functional Jλ-Cλ combinations [16]. Consequently, one
of about fifty functional VH, another of thirty D, and one of six JH genes and, in the same way,
one of thirty VL and one of four JL genes will be used. It appears that there are nearly 200
functional heavy and light chain gene segments that give rise to combinations of gene products,
allowing the production of more than 5 × 107 antibodies with different unique variable end
antigen combining sites [15;38;39]. Independently of the initiating stimulus, partly due to the
aberrant Ig locus translocations and the putative activation or silencing of genes in monoclonal
diseases, the cell starts to synthesize Ig following the variable domain rearrangement. On the
coding DNA strand, the gene segments for the formation of the variable and the constant
domains of the heavy chain are in order 5´ VDJ-μ-δ-γ3-γ1-α1-γ2-γ4-ε-α2- 3´. The RNA polymer‐
ase binds to the template strand of DNA and starts reading in 3´ to 5´ direction adding
nucleotides to the 3´end of pre-mRNA transcript. Alternative splicing of the pre- mRNA brings
together the VDJ variable domain and constant domain segments leading to the formation of
the mRNA heavy Ig chain. As this procedure occurs in order, initially VDJs will get together
with μ constant domain leading to the synthesis of heavy IgM component. This will bind with
a light chain forming an IgM molecule. Thus, in order, cells make at first IgM, then IgD,
IgG3, IgG1, IgA1, IgG2, IgG4, IgE and IgA2 that consist of the same variable domains but different
constant domains due to alternative splicing and giving them different specific properties [40].
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Light chains are synthesized in parallel to the heavy chain partner. However, an excess of
light chains is produced, that if remained unbound to a heavy Ig component, will enter the
blood and the extravascular compartment and circulate as free light chains (FLC). In patients
with plasma cell dyscasias (PCD) and B-cell lymphoproliferative disorders, homogeneous
serum total  Ig molecules (intact  Ig)  and serum FLCs (sFLCs) are secreted by the malig‐
nant clone [40].

sFLCs are rapidly cleared (2-6hrs) and metabolized by the kidney although trace quanti‐
ties (1-10mg/L) can be found in the urine,  produced by the lower urinary tract  mucosa.
With regard to intact Ig, IgA and IgM are cleared by pinocytosis and have constant half
lives of 5-6 days while IgG has a concentration dependent variable half life, ranging from
days  to  weeks  or  even  months.  Briefly,  IgG is  ingested  by  reticulo-endothelial  cells  by
pinocytosis, but inside the endosome, it is bound by a recycling receptor called neonatal
(FcRn)  receptor  and recycled back to  the surface to  be released.  This  process  can occur
many times and extends the half lives of both IgG and albumin, as FcRn binds to both IgG,
via the constant domain, and albumin non-competitively [40]. When there is a large amount
of IgG (as can be found in diseases such as IgG MM) the receptor becomes saturated and
the half life of IgG is shorter.

3.2. Ig structure

Antibodies are the secreted form of the BCR, the simple symmetrical structure is conserved
through the 5 immunoglobulin classes which are defined by their heavy chain amino acid
sequences (γ, α, μ, δ and ε) although in MM IgM, IgD and IgE monoclonal proteins are rare.
There is further subclass division for γ (γ1, γ2, γ3, γ4) and α (α1 and α2) immunoglobulin
classes. Amino acid sequence analysis of the 5 immunoglobulin classes showed that each was
based upon the same repeating structure, 2 identicial light chains (~25kDa in size, 211-217
amino acids) and 2 identical heavy chains (~50kDa in size, 450-550 amino acids depending
upon the class of heavy chain). Each of the immunoglobulin constituent proteins are con‐
structed of β pleated sheets, which form the β barrel (Figure 2, A κ FLC molecule showing the
constant region (left), and the variable region (right) with its alpha helix (red). (Courtesy of J
Hobbs). Whilst there are obvious similarities between the different classes of immunoglobulin
these structures are still being resolved and understood. IgG can be divided into 3 subunits,
two identical fragment antigen binding arms (Fab) and an crystallizable (Fc) stem. Further‐
more, within each subclass the hinge region shows differences both in the number of amino
acids and the flexibility of the protein. More elegant electron tomography imaging of this
molecule clearly shows its globular nature which perhaps gives a better indication of the
protein structure. Serum IgA is predominantly a monomer, but dimeric forms can be found
with J chain linkers. Solution scattering modelling of the two subclasses suggests a structure
similar to IgG for IgA2 immunoglobulins, however IgA1 proteins appear to have a flattened
“T” shaped structure. The traditional 2 dimensional representation of immunoglobulins belies
their globular and highly variable nature, which may wrongly support the assumption that
such molecules are simply quantified.
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Figure 2. β pleated sheets of the kappa free light chain

3.3. Ig function

In normal conditions, the Ig or Ab (antibody) recognizes a unique part of the foreign target or
antigen, called an epitope [40;41]. Each tip of the "Y" of an antibody contains a paratope (a
structure analogous to a lock) that is specific for one particular epitope (similarly analogous
to a key) on an antigen, allowing these two structures to bind together with precision. Using
this binding mechanism, an antibody can tag a microbe or an infected cell for attack by other
parts of the immune system, or can neutralize its target directly. Antibodies contribute to
immunity in three ways: they prevent pathogens from entering or damaging cells by binding
to them; they stimulate removal of pathogens by macrophages and other cells by coating the
pathogens; and they trigger their destruction by stimulating other immune responses such as
the complement pathway [42-44].

The five major Ab classes present complementary functions are shown in Table 2.

Immunoglobulin Major Function

IgM Main Ig during Primary Response (Early antibody). Fixes Complement (most

effectively).

IgG Main Ig during Secondary Response (late antibody).

Opsonization. Fixes Complement.

Neutralizes Toxins, Viruses.

IgA Secretory mucosal Ig

Prevents invasion from gut mucosa.

IgE Immediate Hypersensitivity.

Mast cell and Basophil reactions.

Activates Eosinophils in helminth infection.

IgD Function Unknown.

Mostly on the Surface of B cells (B cell receptor).

Table 2. Major Functions of Antibodies Classes
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Light chains are synthesized in parallel to the heavy chain partner. However, an excess of
light chains is produced, that if remained unbound to a heavy Ig component, will enter the
blood and the extravascular compartment and circulate as free light chains (FLC). In patients
with plasma cell dyscasias (PCD) and B-cell lymphoproliferative disorders, homogeneous
serum total  Ig molecules (intact  Ig)  and serum FLCs (sFLCs) are secreted by the malig‐
nant clone [40].

sFLCs are rapidly cleared (2-6hrs) and metabolized by the kidney although trace quanti‐
ties (1-10mg/L) can be found in the urine,  produced by the lower urinary tract  mucosa.
With regard to intact Ig, IgA and IgM are cleared by pinocytosis and have constant half
lives of 5-6 days while IgG has a concentration dependent variable half life, ranging from
days  to  weeks  or  even  months.  Briefly,  IgG is  ingested  by  reticulo-endothelial  cells  by
pinocytosis, but inside the endosome, it is bound by a recycling receptor called neonatal
(FcRn)  receptor  and recycled back to  the surface to  be released.  This  process  can occur
many times and extends the half lives of both IgG and albumin, as FcRn binds to both IgG,
via the constant domain, and albumin non-competitively [40]. When there is a large amount
of IgG (as can be found in diseases such as IgG MM) the receptor becomes saturated and
the half life of IgG is shorter.

3.2. Ig structure

Antibodies are the secreted form of the BCR, the simple symmetrical structure is conserved
through the 5 immunoglobulin classes which are defined by their heavy chain amino acid
sequences (γ, α, μ, δ and ε) although in MM IgM, IgD and IgE monoclonal proteins are rare.
There is further subclass division for γ (γ1, γ2, γ3, γ4) and α (α1 and α2) immunoglobulin
classes. Amino acid sequence analysis of the 5 immunoglobulin classes showed that each was
based upon the same repeating structure, 2 identicial light chains (~25kDa in size, 211-217
amino acids) and 2 identical heavy chains (~50kDa in size, 450-550 amino acids depending
upon the class of heavy chain). Each of the immunoglobulin constituent proteins are con‐
structed of β pleated sheets, which form the β barrel (Figure 2, A κ FLC molecule showing the
constant region (left), and the variable region (right) with its alpha helix (red). (Courtesy of J
Hobbs). Whilst there are obvious similarities between the different classes of immunoglobulin
these structures are still being resolved and understood. IgG can be divided into 3 subunits,
two identical fragment antigen binding arms (Fab) and an crystallizable (Fc) stem. Further‐
more, within each subclass the hinge region shows differences both in the number of amino
acids and the flexibility of the protein. More elegant electron tomography imaging of this
molecule clearly shows its globular nature which perhaps gives a better indication of the
protein structure. Serum IgA is predominantly a monomer, but dimeric forms can be found
with J chain linkers. Solution scattering modelling of the two subclasses suggests a structure
similar to IgG for IgA2 immunoglobulins, however IgA1 proteins appear to have a flattened
“T” shaped structure. The traditional 2 dimensional representation of immunoglobulins belies
their globular and highly variable nature, which may wrongly support the assumption that
such molecules are simply quantified.
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Figure 2. β pleated sheets of the kappa free light chain
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the complement pathway [42-44].

The five major Ab classes present complementary functions are shown in Table 2.

Immunoglobulin Major Function

IgM Main Ig during Primary Response (Early antibody). Fixes Complement (most

effectively).

IgG Main Ig during Secondary Response (late antibody).

Opsonization. Fixes Complement.

Neutralizes Toxins, Viruses.

IgA Secretory mucosal Ig

Prevents invasion from gut mucosa.

IgE Immediate Hypersensitivity.

Mast cell and Basophil reactions.

Activates Eosinophils in helminth infection.

IgD Function Unknown.

Mostly on the Surface of B cells (B cell receptor).

Table 2. Major Functions of Antibodies Classes

Monoclonal Immunoglobulin
http://dx.doi.org/10.5772/55855

21



Monoclonal Igs are not secreted after antigen exposure and do not contribute to combat
pathogens; in fact humoral immunity is impaired because monoclonal plasma cells proliferate
in detriment of normal Igs. Thus, in B-cell lymphoproliferative disorders, profound polyclonal
hypogammaglobulinaemia can be observed leading to the inability to fight infections.

In some cases, the monoclonal Ig can have other effects, such as the ability to agglutinate red
cells (cold agglutinin disease), to act as auto-antibody (autoimmune haemolytic anaemia), to
aggregate at low temperatures (cryoglobulinemia), cause increased viscosity (Waldenstrom’s
macroglobulinemia), to deposit in tissues with resulting organ dysfunction (AL amyloidosis
or immunoglobulin deposition diseases), and to cause peripheral neuropathy (MGUS, WM,
AL amyloidosis, POEMS syndrome) [45].

3.4. Monoclonal immunoglobulin detection and quantification

Monoclonal intact immunoglobulin is routinely detected by serum protein electrophoresis
(SPEP), the heavy chain class identified by immunofixation (IF) and quantified by SPEP-
densitometry or nephelometry. Guidelines recommend SPEP to monitor monoclonal immu‐
noglobulin concentrations as markers of response and relapse. However, SPEP quantification
can be inaccurate at low concentrations (10g/L), can be difficult when the M-Ig co-migrates
with other serum proteins (commonly IgA and IgM isotypes), when monoclonal immunoglo‐
bulins are produced by multiple small clones and is not suitable for sFLC quantification.
Furthermore, poor linearity of SPEP at high concentrations and the variable catabolism of
monoclonal IgG can make assessment of the serum load inaccurate. To aid patient monitoring
international guidelines (IMWG 2011 concensus) recommend the use of total Ig nephelometric
assays. At gross concentrations these assay are suitable tools to monitor patients; however, as
they are unable to distinguish between the monoclonal and polyclonal Igs they will be
insensitive as the Ig concentration approaches the normal range. One potentially useful
addition to the laboratorian’s armatorarium to overcome these issues are the newly developed
heavy / light chain (HLC) immunoassays targeting the unique junctional epitope between the
light chain (CL) and heavy chain (CH1) constant region of immunoglobulin, enabling the
separate quantification of the different immunoglobulin classes i.e. HLC-IgGκ, -IgGλ, -IgAκ,
-IgAλ, -IgMκ and -IgMλ. Measuring the molecules in pairs with this method enables the
calculation of a ratio of the involved/uninvolved-polyclonal Igs (HLCR) [46-48] in the same
manner as sFLC κ/λ ratios (FLCR).

SPEP quantification of sFLC is inaccurate and for more than 150 years monoclonal FLC
measurements relied upon urinalysis. Collection, handling, renal function and variable light
chain biochemistries make this a less than ideal medium for analysis. In the last 10 years the
introduction of sheep based, polyclonal immunoassays for the quatification of sFLC κ and λ
have changed the paradigm for FLC measurement. Briefly, polyclonal sheep antisera target
κ and λ epitopes that are not available when the light chains are bound to their heavy chain
partners [49]. As previously discussed FLCs are not homogeneous proteins and have signifi‐
cant genetic differences, particularly in the case of λ FLC, making the use of polyclonal
antibodies (rather than monoclonal) necessary to ensure recognition of all FLC clones. The
paired tests enable quantification of sFLC within and below the normal range which leads to
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the identification of subtle monoclonal clones [87], below the sensitivity of SPEP and the
qualitative IFE methods.

Intact Ig molecules, due to their size, are not filtered and excreted in the urine. Their presence
in urine indicates glomerular damage and is usually part of the nephrotic syndrome that can
accompany some monoclonal diseases (amyloidosis). If a simple urinalysis to identify protein
in the urine gives a positive result, a 24-hour urine collection is required for urine IF. On the
contrary, sFLCs that are much smaller, are freely filtered, excreted in the urine and metabolized
in the urinary tract. During the initial stages of a plasma cell disorder, they are produced in
small amounts that are entirely filtered by the urinary system; the majority is metabolized
while small amounts may be excreted in the urine. Consequently, a negative serum IF may
result while urine protein electrophoresis and IF may be positive. Urine test is not required for
follow up due to the “paralogue phenomenon “of the sFLC. As the disease progresses the sFLC
cause renal damage and decreased excretion from the kidneys leading eventually to decreased
levels in the urine. If only urines are tested for follow up, low levels of sFLC could be found
leading, in case of relapse, to wrongly consider disease improvement. In addition, during
treatment, the reversal of renal damage will cause more excretion of sFLC to the urine, finding
that should not be interpreted as disease progression.

3.5. Implications of monoclonal Ig in diseases

Monoclonal Ig, as measured by total Ig quantification, or more recently FLC or HLC, may
contribute to diagnosis, response evaluation, disease monitoring or prognostication in plasma
cell dyscrasias and B-cell lymphoproliferative disorders (Table 3).

3.5.1. Monoclonal gammopathy of undetermined significance

Monoclonal gammopathy of undetermined significance (MGUS) is an asymptomatic plasma
cell dyscrasia that is present in more than 3% of the general white population older than age
50. It has an average multiple myeloma progression risk of about 1% per year [51]. The entity
was first described by Waldenstrom in 1960 after abnormal narrow hypergammaglobulinemia
bands were noted in the serum of healthy individuals on SPEP [52]. In 1978, Kyle introduced
the term “monoclonal gammopathy of undetermined significance” after observing that
asymptomatic patients with monoclonal protein have a higher risk of developing multiple
myeloma, Waldenstrom macroglobulinemia, light-chain amyloidosis or related disorders [53].
Since then definition of MGUS has undergone several adaptations but always, paraprotein
presence represented the backbone of its characterization.

In the updated 2010 IMWG diagnostic criteria, the definition of MGUS includes the presence
of a serum monoclonal protein <3 g/dL, <10% clonal BM plasma cells infiltration and absence
of end-organ damage (CRAB criteria of multiple myeloma) [54].

Over the last years, 3 distinct clinical subtypes of MGUS have been recognized: non-IgM
MGUS, IgM MGUS and light-chain MGUS [55;56]. The best characterized MGUS subtype is
non-IgM MGUS. Paraprotein isotypes of non-IgM MGUS patients can be further categorized
into IgG (69%), IgA (11%) and biclonal (3%) [57]. Furthermore, IgD and IgE consist just a small
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the identification of subtle monoclonal clones [87], below the sensitivity of SPEP and the
qualitative IFE methods.

Intact Ig molecules, due to their size, are not filtered and excreted in the urine. Their presence
in urine indicates glomerular damage and is usually part of the nephrotic syndrome that can
accompany some monoclonal diseases (amyloidosis). If a simple urinalysis to identify protein
in the urine gives a positive result, a 24-hour urine collection is required for urine IF. On the
contrary, sFLCs that are much smaller, are freely filtered, excreted in the urine and metabolized
in the urinary tract. During the initial stages of a plasma cell disorder, they are produced in
small amounts that are entirely filtered by the urinary system; the majority is metabolized
while small amounts may be excreted in the urine. Consequently, a negative serum IF may
result while urine protein electrophoresis and IF may be positive. Urine test is not required for
follow up due to the “paralogue phenomenon “of the sFLC. As the disease progresses the sFLC
cause renal damage and decreased excretion from the kidneys leading eventually to decreased
levels in the urine. If only urines are tested for follow up, low levels of sFLC could be found
leading, in case of relapse, to wrongly consider disease improvement. In addition, during
treatment, the reversal of renal damage will cause more excretion of sFLC to the urine, finding
that should not be interpreted as disease progression.

3.5. Implications of monoclonal Ig in diseases

Monoclonal Ig, as measured by total Ig quantification, or more recently FLC or HLC, may
contribute to diagnosis, response evaluation, disease monitoring or prognostication in plasma
cell dyscrasias and B-cell lymphoproliferative disorders (Table 3).

3.5.1. Monoclonal gammopathy of undetermined significance

Monoclonal gammopathy of undetermined significance (MGUS) is an asymptomatic plasma
cell dyscrasia that is present in more than 3% of the general white population older than age
50. It has an average multiple myeloma progression risk of about 1% per year [51]. The entity
was first described by Waldenstrom in 1960 after abnormal narrow hypergammaglobulinemia
bands were noted in the serum of healthy individuals on SPEP [52]. In 1978, Kyle introduced
the term “monoclonal gammopathy of undetermined significance” after observing that
asymptomatic patients with monoclonal protein have a higher risk of developing multiple
myeloma, Waldenstrom macroglobulinemia, light-chain amyloidosis or related disorders [53].
Since then definition of MGUS has undergone several adaptations but always, paraprotein
presence represented the backbone of its characterization.

In the updated 2010 IMWG diagnostic criteria, the definition of MGUS includes the presence
of a serum monoclonal protein <3 g/dL, <10% clonal BM plasma cells infiltration and absence
of end-organ damage (CRAB criteria of multiple myeloma) [54].

Over the last years, 3 distinct clinical subtypes of MGUS have been recognized: non-IgM
MGUS, IgM MGUS and light-chain MGUS [55;56]. The best characterized MGUS subtype is
non-IgM MGUS. Paraprotein isotypes of non-IgM MGUS patients can be further categorized
into IgG (69%), IgA (11%) and biclonal (3%) [57]. Furthermore, IgD and IgE consist just a small
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portion of all non-IgM MGUS cases [51]. Malignant transformation of non-IgM MGUS
approximates 1% per year and typically develops into multiple myeloma rather than lym‐
phoproliferative disorders [57]. IgM MGUS accounts for about 17% of all MGUS cases. It tends
to progress to Waldenstrom macroglobulinemia or other lymphomas [58]. Finally, light-chain
MGUS is characterized by the absence of intact IgM protein and the presence of monoclonal
FLC characterized by a skewed FLC ratio, due to the increased levels of the monoclonal FLC

 Diagnostic 
Purposes 

Prognosis Staging Response 
Evaluation 

Monitoring 

Total Ig
MGUS    -  
MM      
1. smoldering  - D-S -  
2. LC - - - - - 
3. non-secretory - - - - - 
4. intact Ig MM  -  D-S   
Solitary Bone       
Plasmacytoma - - - * - 
AL Amyloidosis - - - * - 
WM  - **   
CLL - - - - - 
Β-NHL - - - - - 

sFLC/sFLCR 
MGUS    -  
MM      
5. smalldering   - -  
6. LC   -   
7. non-secretory *** *** - *** *** 
8. intact Ig MM -  -   
Solitary Bone       
Plasmacytoma - *** - - - 
AL Amyloidosis      
WM -  - ? ? 
CLL -   - - 
Β-NHL ? ? - - - 

HLC/HLCR 
MGUS -  - - ? 
Intact Ig MM -  -   
WM -  - ?  
AL Amyloidosis - ? - - - 

 
√:useful, -: not useful, ?: unknown, √D-S: for Durie and Salmon Staging, *If present at diagnosis,** IgM level is included in
the IPSS-WM, ***when abnormal sFLCR is observed, its evaluation is useful; ⊥included in recently proposed CLL staging
[50].

Table 3. Contribution of Total Ig, sFLC/sFLCR and HLC/HLCR Measurements In Plasma Cell Dyscrasias and B-cell
Lymphoproliferatiive Disorders.
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[59]. This last type is not frequently identified because asymptomatic patients are rarely tested
with FLC assays; light chain MGUS’ frequency is estimated at about 20% of cases.

Based on available clinical markers, two major predictive risk models of MGUS progression
have been established by the Mayo clinic and the Spanish study group [55]. The Mayo clinic
model indentifies 3 major risk factors: abnormal sFLC ratio, presence of non-IgG monoclonal
Ig and monoclonal protein ≥ 15 g/l [59]. At 20 years of follow-up, the absolute risk of progres‐
sion for MGUS patients with 0, 1, 2, and 3 risk factors is 5%, 21%, 37% and 58% respectively
[59]. The Spanish study group proposes multiparametric flow cytometry as a tool to indentify
aberrant plasma cell populations [60]. In addition, a recent study [61] showed that suppression
of uninvolved immunoglobulin in MGUS, as detected by suppression of the isotype-specific
heavy and light chain (HLC-pair suppression), is an independent risk factor for progression
to malignancy. Uninvolved Ig suppression, occurring several years before malignant trans‐
formation takes place, offers a new perspective in early detection or even prediction of MGUS
progression.

Monoclonal Ig is also the central marker used for MGUS patients follow-up. Moreover, patients
should be followed performing SPEP, Ig and FLC quantification, at a frequency that depends
on their risk-group.

Finally, special attention should be given to associations between MGUS and numerous
diseases that are commonly encountered in clinical practice, because these may be related to
underlying mechanisms with relevance in disease pathogenesis. In a retrospective cohort
study of more than 4 million individuals, elevated risks of MGUS and MM were associated
with broad categories of autoimmune, infectious, and inflammatory disorders but not allergies
[62]. Systemic lupus erythematosus (SLE), a multisystem autoimmune disease characterized
by profound B cell hyperactivity, autoantibody formation, and hypergammaglobulinemia, has
been associated with MGUS, although the latter is not clearly a manifestation of disease activity
and its significance remains to be elucidated [63]. Two possible mechanisms have been
proposed for the aforementioned correlation of the two nosological entities. The first hypoth‐
esis claims that B cell hyperactivity in SLE favours the escape of B cell clones from the normal
regulatory mechanisms. An alternative hypothesis is that defective immunological surveil‐
lance, predisposing to malignancies in general, promotes the development of MM and/or its
precursor state MGUS. Concerning rheumatoid arthritis (RA), several studies have indicated
a direct correlation of the disease with MGUS presence. More specifically, 1.7% of patients with
classical RA and high-titre rheumatoid factor present with MGUS [64].

3.5.2. Multiple myeloma

Multiple myeloma (MM) is an heterogeneous PCD with a wide range of clinical manifesta‐
tions and outcomes, affecting terminally differentiated B-cells and characterized by bone marrow
infiltration by monoclonal plasma cells  secreting a monoclonal Ig.  The disease might be
asymptomatic, requiring only follow-up, or symptomatic and accompanied by fatigue, bone
pains or spontaneous fractures, renal failure, recurrent infections or other morbid symptoms.
In such cases treatment is immediately needed to prevent if possible irreversible organ dam‐
age. Paraprotein presence and amount are included into the diagnostic criteria [65-67]. The
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been associated with MGUS, although the latter is not clearly a manifestation of disease activity
and its significance remains to be elucidated [63]. Two possible mechanisms have been
proposed for the aforementioned correlation of the two nosological entities. The first hypoth‐
esis claims that B cell hyperactivity in SLE favours the escape of B cell clones from the normal
regulatory mechanisms. An alternative hypothesis is that defective immunological surveil‐
lance, predisposing to malignancies in general, promotes the development of MM and/or its
precursor state MGUS. Concerning rheumatoid arthritis (RA), several studies have indicated
a direct correlation of the disease with MGUS presence. More specifically, 1.7% of patients with
classical RA and high-titre rheumatoid factor present with MGUS [64].

3.5.2. Multiple myeloma

Multiple myeloma (MM) is an heterogeneous PCD with a wide range of clinical manifesta‐
tions and outcomes, affecting terminally differentiated B-cells and characterized by bone marrow
infiltration by monoclonal plasma cells  secreting a monoclonal Ig.  The disease might be
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In such cases treatment is immediately needed to prevent if possible irreversible organ dam‐
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diagnostic criteria for smoldering (asymptomatic) multiple myeloma is a serum M protein level
of ≥3g/dL, ≥10% BM plasma cells infiltration, and no related organ or tissue impairment
(including bone lesions) or symptoms and the diagnostic criteria for symptomatic multiple
myeloma is M protein (serum or urine) presence, BM plasma cell infiltration of ≥10% or
histologically proven plasmacytoma, and myeloma-related organ or tissue impairment [68],
further  characterized by the CRAB criteria  of  multiple  myeloma for  end-organ damage,
consisting of hypercalcemia (calcium level>11.5 mg/dL), renal failure (serum creatinine >2.0 mg/
dL or estimated creatinine clearance <40 mL/min), anemia (hemoglobin level <10 g/dL or
hemoglobulin level at least 2g/dL below the lower normal limit) and bone lesions (lytic lesions,
severe osteopenia or pathologic fractures) [54]. sFLC measurements also are useful for diagnos‐
tic purposes, especially in light chain myeloma (LCM) and oligosecretory disease [69].

The evaluation of response to treatment is largely based on Ig decrease with complete response
(CR) identified as negative IFE on both serum and urine, maintained for a minimum of 6 weeks
[70]. In an attempt to improve response criteria, sFLCR was incorporated to the MM uniform
response criteria [71] and its normalization along with immunohistological or immunophe‐
notype confirmation of clonal disease absence, defined a deeper response, the stringent
complete response (sCR). A better evaluation of the depth of response is important as the
quality of response is correlated with treatment free and overall survival after treatment [72].
In the same way, relapse is established by an Ig increase on SPEP, total Ig quantification, sFLCs
and more recently HLCs; all the aforementioned methods can therefore be used for disease
monitoring [73]. An additional contribution of sFLC mesurements for disease monitoring
during follow-up of patients is that light chain only relapses may be observed, with the
improvement of treatment modalities resulting in prolonged survival. Disease transformation
characterized by light chain escape may occur, characterized by a shift in secretion from intact
Ig to LC only in a subset of patients [74;75] that could be otherwise considered in plateau.

With regard to prognosis, although serum monoclonal Ig quantification was one of Durie
and  Salmon  staging  system’s  risk  factors  [76]  and  was  included  in  older  prognostic
algorithms [77], it was subsequently not shown to be linked with MM aggressiveness and
was not retained as a prognostic risk parameter [78]. However, paraprotein type was shown
to influence survival; IgG patients being most favourable, followed by IgA while light chain
MM patients had the worst prognosis [79]. The introduction of the new Ig-based biomark‐
ers (sFLC/HLC) rehabilitate monoclonal Igs prognostic potential in MM. Thus, sFLC and
sFLCR were shown predictive of outcome in all MM subcategories. Patients with smolder‐
ing myeloma and abnormal sFLCR were shown to have an increased progression risk while
an adverse outcome was observed in patients with overt MM and increased sFLCR [80;81].
In addition,  the combination of  sFLCR and other  markers  of  disease activity  (LDH, β2-
microglobulin, genetic abnormalities) or the International Score System (ISS) for MM, were
reported to produce powerful prognostic models [78;82], although this is yet to be proven
in the ear of novel therapies [83]. Furthermore three groups showed simultaneously that
HLC-IgG and –IgA ratios (HLCR) were predictive of a shorter overall survival [73;84] and
progression-free survival [85].
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3.5.3. AL amyloidosis

Systemic AL amyloidosis is characterised by the deposition of misfolded monoclonal light
chains or their fragments in tissues or organs, leading to visceral dysfunction [86]. Sympto‐
matology depends on the organ(s) involved and includes nephrotic syndrome, skin lesions,
cardiomyopathy, demyelinating peripheral neuropathy, hepatomegaly, malabsorption
syndrome, etc. Diagnosis is frequently difficult, in the (usual) absence of characteristic signs
such as macroglossia or periorbital purpura. Physicians should be aware of the possible
diagnosis of AL amyloidosis in patients with unexplained fatigue, and FLCR can aid in the
differential diagnosis. In such a context sFLC measurements are useful and will be found
increased in up to 94-98% of patients, even in the absence of any Ig monoclonal peak on serum
electrophoresis or immunoelectrophoresis. However, diagnosis should be proven by involved
tissue biopsy. Kidney is the most frequently involved organ while cardiac deposits are the
most deleterious and related to shorter survival. AL amyloidosis may complicate MM or other
PCD in less than 10% of cases.

sFLC levels concentrations at diagnosis are by themselves an adverse marker of survival in
AL amyloidosis [88]. The addition of cardiac biomarkers to sFLC levels at diagnosis was shown
highly predictive of patients survival [89] and a new prognostic staging system was built [90];
a score of 1 for each of three prognostic variables, namely cardiac troponin T (cTnT) (> 0.025
ng/mL, N-terminal pro–B-type natriuretic peptide (NT-ProBNP) (>1,800 pg/mL), and FLC
difference (FLC-diff) (>18 mg/dL), was used to divide patients into four stages (I, II, III, and
IV) with scores of 0, 1, 2, and 3, respectively. The 5-year survival estimates produced for
patients in stage I, II, III, and IV were 59%, 42%, 20%, and 14% respectively (p<0.001).

Preliminary data on HLC measurements in AL amyloidosis appear promising. In a subset of
AL amyloidosis patients with no detectable serum or urinary monoclonal bands and a normal
sFLC ratio, the HLC ratio was abnormal in 19% of cases, identifying 2 IgAκ, 3 IgAλ, and 4
IgGκ clones [91].

3.5.4. Waldenstroms Macroglobulinemia

Waldenstroms Macroglobulinemia (WM) is a lymphoplasmacytic lymphoma (LPL) [22]
characterized by lymphoplasmacytic infiltration of BM and eventually other organs, and by
the presence of a serum IgM monoclonal component. IgM paraprotein is mandatory to
establish the diagnosis. In case of a biology proven LPL without IgM, the disease will be called
just LPL, not WM.

WM is a rare disease entity that presents a wide range of clinical signs and symptoms including
those due to the lymphoma (lymph nodes’ swelling, organomegaly, bone marrow failure) and
those due to the presence of the IgM paraprotein. IgM-related symptoms are hyperviscosity,
autoimmune phenomena (peripheral neuropathy, haemolytic anaemia, thrombocytopenic
purpura), cryoglobulinaemia, amyloidosis. Asymptomatic patients do not require treatment
and usually enjoy a prolonged survival, while patients with aggressive symptomatic disease
should be immediately treated with chemotherapy [92;93]. Evaluation of response is based on
changes in serum IgM concentrations and other factors. Complete response (CR) is character‐
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ized by the disappearance of symptoms, of monoclonal serum IgM (by IF), and of monoclonal
lymphoplasmacytes from all infiltrated sites, partial response by a serum IgM decrease by 50%
or more while progressive disease (PD) by IgM increase; likewise, relapse after response is
characterized by IgM increase [94]. With regard to staging and prognosis, serum IgM levels
were included into currently used international prognostic staging system for WM (IPSS-WM)
that co-evaluated 5 parameters: age above 65 years, haemoglobin below 11,5 g/dL, platelet
counts below or equal to 100×109/L, β2-microglobulin above 3mg/L and IgM above 7 g/dL [95].

There are so far only preliminary results on the contribution of the new Ig-based biomarkers
(sFLC and HLC) levels in WM patients at diagnosis. It was shown that sFLC may be increased
and, in such cases, correlate with markers of disease activity, such as increased β2M, anemia
[96] and low serum albumin levels. Patients with elevated sFLC presented shorter time to
treatment [97] and adverse outcome [98]. Increased HLC-IgM were also found correlated with
markers of disease activity such as bone marrow infiltration of more than 50% and low serum
albumin levels while high HLCR correlated with shorter time to treatment [98;99].

3.5.5. Chronic llymphocytic leukemia

Chronic lymphocytic leukemia (CLL) is the most common type of leukemia in the Western
world and presents a large range of clinical manifestations and a variable outcome. More than
two thirds of the patients are asymptomatic at the time of diagnosis and may not require
treatment for months or even years. For prognostic purposes, traditional Rai and Binet clinical
staging systems are still in use but they do not apply perfectly in modern years. For patients
needing treatment, underlying molecular alterations are important predictors of response;
however, for the majority of CLL patients, life expectancy largely depends on time to first
treatment [100], so reliable markers for time to treatment are needed.

It was shown that increased sFLC is the most common paraprotein observed in CLL, being
found in almost half of the cases and that sFLCR abnormalities are present in a significant
proportion of patients and identify those at risk of progressive disease [101;102].

More recently, increased polyclonal sFLC were also found to constitute an adverse marker for
time to first treatment in CLL [103]. This finding was confirmed by Morabito et al that evaluated
the sum of κ and λ sFLC levels and found that the prognostic impact of sFLC (κ + λ) value
above 60.6 mg/mL was superior compared to FLCR and built a model based on four variables,
namely sFLC (κ + λ) more than 60.6 mg/mL, Binet staging, ZAP-70, and cytogenetics and
separated 4 patients’ groups with different time to treatment [50].

3.5.6. Other plasma cell dyscrasias & B-cell non Hodgkin’s llymphomas

In the other PCD, Ig contribution to diagnosis, prognosis and monitoring is restricted to bone
solitary plasmacytoma and mainly concerns sFLC quantification that was shown predictive
of evolution to MM [104]. With regards to B-cell non Hodgkin’s lymphomas, abnormal Ig
secretion, as observed mostly by the new Ig-based biomarkers (sFLC and HLC) levels, the
clinical significance of which remains for the time being, under investigation [105], although
increasing evidence of sFLCs prognostic role are emerging in these diseases [106;107].
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4. Conclusions

Paraprotein presence is the hallmark of monoclonality. Knowledge of biologic mechanisms
that lead to monoclonality has allowed understanding of malignant B-cell origin and B-cell
neoplasms pathophysiology. New methods for the precise detection and quantification of
monoclonal Ig have opened interesting clinical applications concerning patients diagnosis,
monitoring and prognostication.
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1. Introduction

Tumor and its embedding microenvironment form a unique, dynamic system, largely orch‐
estrated by cellular players, including fibroblasts and endothelial cells (EC), and surround‐
ing extracellular matrix (ECM) with its distinctive physical, biochemical, and biomechanical
properties. There is a general consensus that, beyond genetic mutations and epigenetic mod‐
ifications, the dialogue that occurs between tumor and its microenvironment, through solu‐
ble factors and molecular interactions, may affect tumor cells survival, growth, proliferation,
response to chemical/physical factors, and lies the basis for metastatization to distant, specif‐
ic organs. This theory was proposed by Paget in the 1880s [1], who underlined the need, for
investigating and targeting tumor, to focus not only on the cancer cell, “the seed”, but also
on the “soil” where tumor homes and in which it derives its nutrients, oxygen and signals
[2, 3]. Accordingly, tight links between tumor and surrounding microenvironment could de‐
termine the overall sensitivity to anti-cancer drugs and therefore represent an attractive
therapeutic target [4].

Tumor microenvironment plays a critical role also in development and progression of hae‐
matological malignancies [5,6]. In this regard, Multiple Myeloma (MM) represents a para‐
digmatic condition [5,6]. Indeed, MM plasma cells almost exclusively home and thrive
inside Bone Marrow (BM) microenvironment, which confers anti-apoptotic and pro-survival
signals and resistance to drugs. In turn, tumor cell interactions with BM cells and matrix re‐
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sult in re-shaping of microenvironment, and architectural changes involve in particular the
vascular compartment [7].

The establishment of tight links between MM plasma cells and their microenvironment un‐
derlines the need for appropriate models for studying MM biology and predicting the im‐
pact of drugs.

In  the  present  paper,  we  briefly  summarize  the  role  of  BM  microenvironment  and,
particularly,  of  MM  associated  angiogenesis,  in  MM  pathogenesis,  progression  and
prognosis.  We  then  provide  an  overview  of  the  currently  available  MM  models,  in‐
cluding  animal  models  and  a  new three-dimensional  (3D),  gel-based,  in  vitro  model  of
human MM microenvironment.  Finally,  we  discuss  the  potential  of  RCCSTM  bioreactor-
based,  dynamic  3D  model  systems  (cell  and  tissue  culture)  to  investigate  critical  as‐
pects  of  human  MM  pathobiology  and  possible  clinical  applications.  Advantages  and
limitations  of  each  model,  relative  to  MM  investigation  and  assessment  of  drug  sensi‐
tivity,  are  also considered.

2. Role of BM microenvironment and angiogenesis in MM progression
and prognosis

MM is a B-cell tumor, characterized by clonal proliferation of malignant plasma cells inside
the BM, production of a monoclonal paraprotein, and associated clinical features, including
lytic bone lesions, renal insufficiency, hypercalcemia and anemia. It accounts for approxi‐
mately 1% of neoplastic diseases and 13% of hematologic cancers. Albeit significant advan‐
ces have been recently achieved in the treatment of MM, the disease still remains incurable,
prompting the development of new therapeutic strategies [8].

MM  is  thought  to  evolve  from  a  pre-malignant  syndrome  known  as  Monoclonal
Gammopathy of  Uncertain  Significance  (MGUS),  that  progresses  to  smoldering (asymp‐
tomatic)  myeloma and,  finally,  to  symptomatic  myeloma.  In  addition  to  genetic  abnor‐
malities  accumulating  in  MM  cells,  BM  microenvironment  actively  participates  to  the
pathogenesis  and  progression  of  the  disease.  Indeed,  host  stromal  components  pro‐
foundly  influence  many  steps  of  tumor  progression,  such  as  tumor  proliferation,  inva‐
sion,  angiogenesis,  metastasis,  and  even  malignant  transformation  [9].  The  BM,  where
MM cells  specifically home,  provides a  highly specialized microenvironment,  which op‐
timally  “soils”  neoplastic  plasma cells,  and,  in  turn,  is  shaped by  the  interactions  with
MM cells  [5,6,10].

BM microenvironment consists of a series of cellular components, including hematopoietic
cells, immune cells, BM stromal cells (BMSC), osteoclasts, osteoblasts and endothelial cells
(EC), all embedded in an extracellular matrix (ECM) (Fig.1).

MM cells specifically localize inside the BM milieu through the CXCR4/CXCL12-SDF1-alpha
axis [11] and then interact with ECM and BM cellular components by means of adhesion
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molecules, including integrins. The complex interplay between MM cells and BM milieu, to‐
gether with the ensuing pathogenetic events, are depicted in Fig. 2 (upper panel).

1: erithrocytes; 2: megacaryocytes; 3: basophils; 4: adipocytes; 5: osteocytes; 6: B lymphocytes; 7: monocytes; 8: lining
osteoblasts; 9: osteoblasts; 10: osteoclasts; 11: hematopoietic stem cells “niche”; 12: T lymphocytes; 13: NK cells; 14:
eosinophils; 15: neutrophils; 16: monocytes; 17: stromal cells; 18: mesenchymal stem cells “niche”; 19: dendritic cells;
20: thrombocytes (platelets).

Figure 1. Bone Marrow microenvironment. Bone homeostasis is the result of a complex network of stimuli, includ‐
ing hormones, vitamins and physico-mechanical forces. In addition to osteoblats and osteoclasts, which are responsi‐
ble for bone deposition/resorption, BM microenvironment encompasses several cell types, like hematopoietic cells,
endothelial cells and mesenchimal cells, all embedded in a complex extra-cellular-matrix (ECM).

Interactions between MM cells and ECM and cellular components (Fig. 2, lower panel) trig‐
ger the release of soluble factors, which, in turn, determine autocrine/paracrine loops of MM
survival/proliferation and also promote osteoclastogenesis, defective immune functions and
the “angiogenic switch”, overall leading to MM cells growth, survival, and resistance to che‐
motherapeutic agents [10]. In particular, adhesion of MM cells to BMSC and to ECM compo‐
nents triggers anti-apoptotic signals and also the release of the pro-survival factor
Interleukin (IL)-6. Moreover, MM plasma cells and BM stroma release osteoclast-acivating
factors, including IL-1, IL-6, tumor necrosis factor (TNF)-α, RANK-L(Ligand) and Macro‐
phage Inflammatory Protein (MIP)-1α. MM cells have also a unique ability to evade im‐
mune surveillance through several mechanisms, including impairment of cytotoxic activity
and induction of dendritic cells dysfunction (Fig. 2).
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Figure 2. Interactions between MM cellsand BM microenviroment. Upper panel: schematic representation of MM
cells inside BM microenvironment; the soluble factors involved in the major pathogenetic events, including tumor pro‐
liferation/survival, angiogenesis, osteoclastogenesis and defective immune function are depicted. Lower panel illus‐
trates the major growth factor receptors and adhesion molecules used by MM plasma cells to interact with ECM and
cellular components of BM microenvironment
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Angiogenesis, the sprouting of capillaries from existing blood-vessels, is a complex, dynam‐
ic and tightly regulated process, that occurs physiologically during normal growth, wound
repair after injury and regeneration [12,13]. Angiogenesis is controlled by the balance be‐
tween positive and negative regulators. In a tumor microenvironment, the exaggerate ex‐
pression of pro-angiogenic cyto-chemokines starts the ‘‘angiogenic switch’’, leading to
increased micro vessel density (MVD) [14]. The occurrence of an “angiogenic switch”, re‐
sponsible for the transition from the avascular “dormant” phase to the vascular phase of ex‐
ponential tumor growth [15,16], has also been proposed for MM. Pro- and anti-angiogenic
soluble molecules are produced and released by myeloma cells and components of microen‐
vironment, including MMEC, stromal cells and inflammatory cells [17-19] (Fig.2 A, upper
panel). Major angiogenic cytokines are VEGF-A, fibroblast growth factor (FGF) and hepato‐
cyte growth factor (HGF). Both EC in general, and in particular MMEC, and MM cells se‐
crete VEGF and express its receptors, thereby contributing to autocrine/paracrine pathways
of tumor growth, survival and angiogenesis [19]. Finally, Angiopoietins (Angs, Ang-1
and-2) are important mediators in vasculature homeostasis and their circulating levels are
considered of prognostic significance in MM [20].

Overall, BM angiogenesis in MM contributes to disease progression; accordingly, new anti-
myeloma agents target not only MM cells, but also the microenvironment, and in particular
vessels [21]. This notion is exemplified by the proteasome inhibitor Bortezomib (PS-341, Vel‐
cade), which has been approved for treatment of patients with relapsed and refractory MM and
more recently used in front-line therapy for the disease. In vitro, proteasome inhibition by bor‐
tezomib causes apoptosis in both solid tumor and haematological malignancies, particularly
MM [22]. More recently, Bortezomib has also been reported to affect viability of angiogenic EC,
as shown in in vitro experimental conditions as well in animal models [23,24]. Notably, neither
reliable biomarkers measurable in vivo nor ex vivo models of human BM microenvironment are
currently available to assess the anti-angiogenic effect of drugs in MM patients.

3. Advantages of models which mimic tumor microenvironment
exploiting the third dimension

Since BM microenvironment is of most importance in supporting myeloma cell growth and
survival, experimental models of MM should provide insights into the mechanisms that, at
molecular level, regulate the complex interplay between MM cells and biochemical and
physical cues coming from BM ECM and cell components.

Traditional two-dimensional (2D) in vitro models (static culture of single cells kept as mono‐
layer on flat, artificial surfaces) still represent the most popular models for in vitro studies,
even if they present severe limitations, being unable to reproduce the behaviour and physio‐
logical responses of various normal and pathological cell types/tissues. It is now generally
accepted that any attempt aimed at the generation of reliable and physiologically relevant in
vitro tissue analogues, tumors included, should take into account the need of reproducing
(or preserving) the specific characteristics of their original microenvironment, which in‐
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clude, in addition to tissue-specific multiple cellularity, biochemical and mechanical proper‐
ties, also the three-dimensionality [25,26]. Since the pioneering studies of Bissell and
colleagues [27], different groups, including ours, have demonstrated that significant differ‐
ences exist between the biological behaviour and gene expression profiles of normal and
transformed/tumor-derived cells maintained in culture with traditional (2D) culture meth‐
ods, and that of cells kept in 3D culture (see, for example, 28-31), proving that 3D models
can mimic in vivo conditions better than 2D systems [26,32,33].

Table 1 illustrates the principal characteristics of 3D versus conventional 2D in vitro models
of differentiated and tumoral tissues, and their relevance to the in vivo situation.

Characteristics of

the

in vitro models

2D conformation

(on flat glass or plastic

substrates)

3D conformation

(cell spheroids, 3D artificial

supports)

References
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Lack of 3D physical cues

Multilayer

Nano- and micro-topographies

are recreated
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interaction
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diffusion

Lack of chemical gradients and

reduced gas supply

high ECM stiffness (more than 1

GPa)

Pluri-directional active fluid

diffusion

Gradients of nutrient and gas can

be generated

Efficient waste removal in

dynamic bioreactors

ECM stiffness lower than in 2D

(variable from 1 to 100 kPa)

26, 38-41

Cell-cell

interactions

Reduced interactions between
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Increased interactions between
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25

Cell morphology/

viability
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High cell survival rate
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behaviour of cells
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Lack the major physiological
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condition and number of in vivo
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according to the culture model,
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the

in vitro models
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Capability to

reproduce specific
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vivo malignant
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Responsiveness to
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from ECM
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Drug resistance

(sensitivity)
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complexity of
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In an effort to reproduce in vitro the 3D specific microenvironment of the parental tissue, taking
advantage of the rapid development of new technologies and tissue engineering techniques,
an extremely wide variety of tissue models have been produced. The latter have already been
successfully applied for investigating critical aspects of in vivo behaviour of a number of nor‐
mal and tumoral cells (reviewed and discussed in 26). On this basis, 3D culture systems have
been proposed as the most physiologically relevant in vitro models to investigate tumor devel‐
opment and behaviour [60-62]. Recently, this experimental approach has been also exploited
for the study of MM-cell biology and sensitivity to therapeutic agents [63].

Within this context, 3D in vitro (cell-based)/ex-vivo (tissue-based) human-derived culture
systems represent important tools to generate new approaches to the understanding of the
molecular mechanisms of MM progression, essential prerequisites for the development of
more effective interventional, diagnostic and prognostic strategies.

4. Murine models of MM

4.1. Subcutaneous xenograft models

The simplest way to generate an animal model of cancer consists in the injection of tumor
cells into an immune-deficient mouse. This approach, known as the xenograft model, has
been extensively employed for solid tumors [64,65] and then extended to MM. The xeno‐
graft model of MM consists in the subcutaneous injection of 1-2 x 107 human myeloma cells
(from RPMI-8226, U266, ARH-77 or OPM-2 cell lines) into the flanks of Severe Combined
Immune-Deficient (SCID), nonobese diabetic (NOD), SCID/NOD and SCID/beige, mice
[66,67] (Fig.3A). The resulting plasmacytoma is palpable, and tumor burden measurable
with a pair of caliper or, when lines are transduced with the eGFP-luc fusion gene, by biolu‐
minescence imaging [68]. After harvesting, tumor mass is suitable for histological examina‐
tion, allowing identification of vasculature and determination of cell proliferation/apoptosis.
The model is currently used to assess the activity of new drugs on MM tumor growth and to
establish the effective, minimally toxic, dose. As an example, this model has been employed
to investigate the in vivo anti-myeloma effect induced by the mTOR inhibitor CCI-779 [69].
More recently, the efficacy of new inhibitors of the CXCR4/CXCL12 axis (AMD3100 and
BKT140) [70], and of stressors of the endoplasmic reticulum (spicamycin analogue,
KRN5500) [71], which inflict death of MM cells, have been demonstrated using the xenograft
model. Besides mono-therapies, the model is suitable to evaluate the maximal effect, in
terms of tumor volume reduction, obtainable with combined molecules [72].

While the xenograft model is extremely practical, particularly for drug testing, it still suffers
from several limitations. In fact, it does not accurately mimic human disease, since myeloma
cell lines do not behave as primary myeloma cells, more closely resembling the aggressive
stage of plasma cell leukemia. More importantly, it fails to recapitulate the reciprocal interac‐
tions between MM cells and their microenvironment, which follow MM cell localization and
retention inside the BM. As a result, drug efficacy can be over-estimated, lacking implanted
MM cells the specific, proper human context of ECM and non-malignant accessory cells.
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Murine  models  of  MM,  including  the  5TMM model,  contribute  to  overcome this  latter

limitation.

Figure 3. Schematic representation of currently available MM animal models. The major murine (m) and murine-
human(hu) models together with their main advantages and limitations are depicted. Synth = synthetic polymeric
scaffold; BMSC= Bone Marrow Stromal Cells; SCID=severe combined immune deficient.
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4.2. 5TMM models

The 5T model has been developed in the late seventies upon injection of mice with syngene‐
ic murine MM cells, spontaneously arising in elderly C57BL/KaLwRij mice [73,74]. The
group of MM murine models collectively indicated as 5TMM mice comprises different types
of mice, each bearing different tumor cells and having distinct characteristics (Figure 3B).
The most commonly used, the 5T2MM and the 5T33MM models, display selective localiza‐
tion of cells in the BM, the presence of a serum M component and increased BM angiogene‐
sis. The first one is characterized by moderate growth and development of osteolytic lesions
more closely reproducing the human disease, while the second one displays a more aggres‐
sive behaviour with rapid growth [75].

Studies based on these models, substantially contributed by Karin Vanderkerken’s group,
have provided valuable insights into MM biology, and in particular on the mechanisms re‐
sponsible for bone disease, MM-associated neoangiogenesis, and MM cell homing to the BM
[75]. Indeed, taking advantage from these models, it has been possible to dissect the single
steps which participate to the homing process, including chemo-attraction, adhesion, trans-
endothelial migration and invasion, and also to identify the molecular pairs involved [75].
Moreover, these models allow the assessment of the impact of drugs on MM cells inside
their proper microenvironment. In particular, the 5T2MM model allowed to unravel the an‐
ti-tumor activity, in addition to prevention of bone resorption, of the amino-biphosphonate
zolendronic acid [76]. More recently, the novel ‘second-generation’ pyrimidyl-hydroxamic
acid-based histone deacetylase inhibitor JNJ-26481585 was found to reduce tumor burden
and also to affect angiogenesis and osteolysis [77].

A major limitation of the model is represented by the limited availability of different 5T cell
lines, which fails to recapitulate the high variability both in terms of genetics and of tumor
behaviour which characterize MM developing in humans. Moreover, the results obtained
with 5T models should be interpreted with caution, given the potential differences in the bi‐
ology of human vs murine myeloma.

4.3. SCID-hu and SCID-synth-hu models

In an attempt to “humanize” murine models, in 1997 Urashima established an in vivo model
of human MM using SCID mice bilaterally implanted with human fetal bone grafts (SCID-
hu mice) [78]. The purpose was to study the role of adhesion molecules which participate to
human MM-BMSC interactions and regulate MM cell homing. The original experimental de‐
sign consisted in the injection of MM cell lines (ARH-77, OCI-My5, U-266 or RPMI-8226)
(1x104-105) into the BM cavity of the left bone implants in irradiated mice (Fig.3C). Human
monoclonal MM cells grew within the human BM replacing the stroma and metastatized to
the controlateral right bone implant, but not to murine bones or other murine organs [79],
suggesting the existence of species-specific interactions. In myeloma-bearing mice, circulat‐
ing human Ig were detectable and mice developed tubular nephropathy, due to light chains
deposition, closely mirroring MM clinical manifestations and physiopathology [79]. The
model was successfully employed to study the efficacy of thalidomide as an anti-myeloma
drug, disclosing its anti-angiogenic properties [80]. The engraftment of IL-6-dependent
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INA-6 cells in SCID-hu mice, but not in SCID mice, as well as their sensitivity to anti-myelo‐
ma agents, has also been documented [81].

More recently, Pierfrancesco Tassone and Filippo Causa developed the so-called “SCID-
synth-hu” model (Figure 3D), based on the implantation of artificial bone scaffolds repopu‐
lated with human BMSC into SCID mice, followed by injection of purified MM cells from
patients [82] (Fig. 3D). This model represents a further advancement over the previously de‐
scribed SCID-hu mouse (Fig. 3C). In fact, the use of 3D poly-β-caprolactone polymeric scaf‐
folds, closely reproducing the micro-architecture of a human bone, overcomes the restricted
availability of human fetal bones for implant, and also allows to perform studies in the con‐
text of an autologous setting [82].

As for SCID-hu models, in SCID-synth-hu mice injected human MM cells were found to op‐
timally engraft the implanted “niche” and to interact with the human bone milieu, as dem‐
onstrated not only by histological and immunohistochemical analyses of the retrieved
implants, but also by demonstration of immungloglobulin production in vivo [82].

Both systems thereby offer the possibility to investigate human MM cells-BM microenviron‐
ment interactions and to perform pre-clinical testing of anti-MM drugs in a clinically rele‐
vant context.

4.4. Transgenic models

MM cells accumulate a series of somatic mutations in the initiating and progressing phases
of the disease [10], thus justifying development of genetically modified MM murine models,
which recapitulate and explore the genetics of MM [83]. Recently, a model has been devel‐
oped based on the enforced B cell lineage-directed transgene expression of XBP-1s [84].
XBP-1 is a major regulator of the Unfolded Protein Response (UPR) and plasma cell differen‐
tiation. Moreover, XBP-1 over-expression has been implicated in human carcinogenesis and
tumor growth in solid tumors and also in MM [84]. XBP-1 transgenic mice spontaneously
develop MGUS which progresses to MM, exhibiting remarkable clinical features common to
human MM. In particular, BM involvement with clonal MM cells, serum M spike, bone lytic
lesions and renal Ig deposition could be demonstrated [84].

Another model exploited the deregulated expression of Myc. Myc activation occurs in post-
germinal center malignancies, including Burkitt’s lymphoma, and is a common feature in
MM; in particular its over-expression is generally considered of prognostic significance [85].
Mice engineered to express c-Myc under the control of mouse immunoglobulin kappa (IgK)
light-chain gene–regulatory elements (Vk-Myc mice) were developed [86]. Myc is a strong
oncogene, and its constitutive expression in early B cells of Vk-Myc mice led to a very ag‐
gressive lymphoma, with extra-medullary localization [86].

To create a transgenic mouse model more closely resembling human MM, in their elegant
work Chesi and co-workers selected the C57Bl6 strain, genetically predisposed to develop
MGUS, and generated a vector (Vk*Myc) containing a stop codon insertion in the human c-
myc oncogene, which prevented its expression [87] (Fig. 3E). Myc could be then sporadically
activated in post-germinal B cells as a result of somatic hypermutation, leading to the transi‐
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tion from the spontaneous monoclonal gammopathy to a disease that fully recapitulate the
biological and clinical features of human MM. In fact, Vk*Myc mice are characterized by the
accumulation of slowly proliferating plasma cells exclusively inside the BM. Moreover, high
levels of monoclonal antibody are detectable and end-organ damage develops, including
anemia, kidney failure and lytic bone disease [87]. The model was found to be highly predic‐
tive of the activity of anti-myeloma drugs [88], including those that target microenviron‐
ment, and may potentially help to select new agents for evaluation in clinical trials.

5. Human-derived models of MM

5.1. 3D in vitro /ex-vivo human-derived models of MM

Due to inter-species differences, animal models have incomplete predictive value for human
MM disease and drug response. New models are, therefore, needed that more closely re‐
semble the in vivo situation in patients. Reliable, human-derived in vitro models, able to re‐
produce myelomagenesis within the specificity of BM microenvironment, are therefore of
extreme value.

Kirshner and her group have reconstructed, in vitro, human BM microenvironment, through
the proper overlay of matrix components, on which isolated cells from BM aspirate of MM
patients were seeded [63]. Cells spontaneously redistributed throughout the gel-matrix 3D
substrate, mimicking human BM architecture and BM-MM interactions, thus providing a
powerful tool for understanding the biology of MM [89]. Strikingly, reconstructed BM al‐
lowed the expansion of primary myeloma cells, including the putative stem cell fraction.
Moreover, the model allowed the assessment of the impact of anti-MM drugs on distinct cel‐
lular compartments inside a 3D architecture [63].

5.2. 3D culture of human MM isolated cells and tissue explants in the microgravity-based
RCCSTM bioreactor

It is well known that the metabolic requirements of complex 3D cell constructs are substan‐
tially higher than those needed for the maintenance of traditional cell monolayers (2D cul‐
ture) kept in liquid media under static conditions. Dynamic bioreactors were primarily
developed to modulate mass transfer, a crucial element for guaranteeing gas/nutrient sup‐
ply and waste elimination, essential factors for maintaining cell viability within large 3D
cell/tissue masses. Despite a wide array of fluid-dynamic bioreactors has been devised
[47,90], the low-shear environment and optimal mass transfer, needed for the long-term cul‐
ture of functional 3D tissue constructs and explants, were attained only with the introduc‐
tion of the microgravity-based Rotary Cell Culture System (RCCS™, Synthecon Inc., USA)
bioreactors (91,92; a vast literature is also available at http://www.synthecon.com). The rele‐
vance of this technology in enabling the long-term culture of complex tissue-like engineered
3D bio-constructs and tissue explants of various origin has been demonstrated also by our
group, and, namely, in the case of bone [31,47.93].
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On this basis, we successfully employed the microgravity-based RCCSTM technology for the
generation (and long-term maintenance) of viable human-derived MM tissue explants and
3D cell constructs. Fig. 4 shows the culture chamber of the RCCS™ microgravity-based bio‐
reactor, and histo-morphological images of the ex-vivo models of human MM developed by
our group. Isolated cells from the RPMI myeloma cell line, kept in Bioreactor, spontaneously
self–aggregated forming spheroid-like structures which retained viability and were identifi‐
able with the specific anti-CD38 monoclonal antibody (Fig.4B).

Figure 4. RCCS TM-based 3D ex-vivo models of MM developed by our group. A: Detail of the culture chamber of
the RCCS™ microgravity-based bioreactor; B: Monotypic 3D multi-cellular spheroids (RPMI cell line) cultured for 1
week in the RCCS™ bioreactor (H&E staining, left panels; CD38 staining, right panels); C: 3D tissue culture of skin biop‐
sies (1 week) showing intact architecture and identifiable blood and lymphatic (D2-40+) vessels D: MM tissue explants
cultured for 3 days in the RCCS™ bioreactor (H&E staining), in the absence or presence of Bortezomib, the latter show‐
ing plasma cells death. Arrows indicate bone lamellae.

The suitability of our method for the culture of human tissue samples was, firstly, proved by
using skin biopsies, which retained intact epidermal and dermal architecture, including ker‐
atin stratum and skin annexes. Moreover, both blood and lymphatic vasculature was identi‐
fiable and exhibited normal morphology, in particular patent lumen and complete
endothelial lining (Fig.4C). The 3D culture of thick sections of human MM tissue explants
fully preserved tissue architecture and microenvironment integrity (Fig.4D) for extended pe‐
riods of time. Moreover, the system was suitable for the assessment of drug sensitivity, not
only of tumor compartment, but also of angiogenic vessels (Fig.4D). Indeed, quantification
of MVD in treated specimens could represent a unique method to assess the anti-angiogenic
effect of a drug in human samples ex vivo. Finally, specialized functions of both MM cells
and their microenvironment, including beta-2 microglobulin and cytokine release and met‐
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group, and, namely, in the case of bone [31,47.93].
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alloproteases activities, could be also assessed (M. Ferrarini et al., submitted). Overall, these
observations suggest that the 3D culture model in Bioreactor can be exploited as a novel
translational tool, allowing prospective pre-clinical toxicity and drug efficacy testing in indi‐
vidual patients.

6. Conclusions

A major challenge in cancer biology and cancer therapy relies in the availability of suitable
models that recapitulate the complex tumor-host interplay and responsiveness to drugs. This
is especially true for MM, where the existence of tight links between MM cells and BM micro‐
environment has hampered for long the development of adequate animals and in vitro mod‐
els. Recently, innovative murine and chimeric in vivo models have been developed, which
allowed both to investigate MM physiopathology and to perform drugs testing. On the other
hand, the exploitation of novel technologies for ex-vivo 3D culturing of human MM samples is
emerging as a tool to properly investigate its pathogenetic mechanisms (and interactions)
within a human context, and also to predict response to drugs in individual patients.

The availability of more and more sophisticated systems is expected to pave the way to a
deeper understanding of pathogenetic events and also to development of novel patients-tail‐
ored therapeutic strategies.
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1. Introduction

Modern molecular and cytogenetic approaches have furthered progress in our understanding
of MM biology and have led to the development of targeted therapy that has improved
management of this incurable disease. Novel agents such as bortezomib, lenalidomide or
thalidomide, have increased median survival rates and improved prospects for MM patients
resistant to conventional therapy [1, 2]. Despite these therapeutic advances, MM remains a
very difficult disease to treat still accompanied by the threat of repeated relapses with a fatal
ending. These observations indicate that at least some of the MM cells are not targeted
efficiently by current drug therapies. The existence of such persistent populations, called
myeloma stem cells (MSC) or myeloma-initiating cells (MIC) has been suspected for more than
two decades. However, the cells of origin remain elusive [3-9]. Timeline of growing knowledge
about putative MSC is displayed in Figure 1. Discrepancies among myeloma stem cell concepts
have arisen in parallel with the high phenotypic heterogeneity of clonal PCs that might be
another factor contributing to the failure of therapies and identification of the population
responsible for relapse. Myeloma PCs strongly depends on the supportive role of the bone
marrow (BM) microenvironment (MEV) – it is a source of essential growth factors, supports
survival and dissemination of pathological PCs [10-14]. Furthermore, hypoxic conditions of
tumor microenvironments support tumor progression by inducing angiogenesis, maintaining
the malignant phenotype and stimulating osteoclastogenesis [15-18]. There is growing
evidence that signals from pathological microenvironments can (reversibly) alter the pheno‐
type of PCs. Such plasticity of PCs might result in obvious heterogeneity of MM and generate
inconsistencies among myeloma stem cell concepts.
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Figure 1. Timeline of myeloma stem cell concepts

2. Myeloma stem cell concepts

A number of laboratories have tried to identify a biologically distinct population of so called
myeloma precursors or myeloma stem cells (MSC) which are responsible for the incurability of
MM (see Table 1). However, none of these concepts have been unambiguously proven until now.
With regards to the fact that abnormal PCs of MM show features of advanced differentiation and
mature morphology, the population responsible for the origin and sustainability of tumor mass
has been suspected in the minor population of clonotypic or clonogenic CD138- cells retaining
key stem cell properties, tumor-initiating potential, self-renewal and resistance to chemothera‐
py [6, 19-25]. However, it was demonstrated that even the dominant population of human CD138+

PCs contained clonogenic cells; these cells show plasticity potential that might be responsible for
dedifferentiation and acquiring of stem cell properties [8, 26-30].
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Table 1. Candidates for putative neoplastic PC precursors/MSC.
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2.1. Clonotypic B cells

Myeloma precursors that share identical variable diversity joining (VDJ) regions, rearrange‐
ments of immunoglobulin heavy chain gene (IgH) with patient’s tumor PCs and show a pre-
plasma cell phenotype are referred to as clonotypic B cells (CBL). They have been identified
in peripheral blood, lymph nodes and bone marrow [32, 36, 37, 47-49]. An extensive accumu‐
lation of somatic mutations in IgH gene and an absence of intraclonal variation suggest that
CBLs originate from post-germinal center B cells [37, 50]. Although the concept of clonotypic
B lymphocytes as neoplastic PC precursors is widely accepted, other studies suggest the
existence of MM precursors in other compartments (see Table 1). Additionally, phenotypic
profile and amount of CBLs vary among studies – e.g., it is not clear if these cells resemble
CD19+CD27+CD38- memory B-cells or carry a marker of hematopoietic stem cells, CD34 with
or without expression of the CD19 surface marker [21, 23, 35]. Furthermore, McSweeney et
al. (1996) did not find bone marrow CD19+ cells to be clonally restricted to kappa/lambda or
revealed any deviations of expression patterns of B-cell maturation markers from normal B-
cell components [51]. His results do not support a hypothesis of disturbed B-cell maturation
and development of the disease from early stages of B-cell ontogeny. Moreover, DNA analysis
proved that CD38++CD19- cells were aneuploid in most cases with a typical cell cycle profile
indicating the presence of a proliferating population, while cells expressing CD19 were
diploid. This suggests the existence of self-replicating plasma cell compartments that have a
capacity to replenish the tumor without the involvement of early B lymphocyte progenitors.

A number of studies that confirmed the presence of clonotypic B cells have been based mainly
on the detection of the same IgH rearrangements by PCR-based methods. The percentage of
MM patients with IgH-positive clonotypic B-cells ranged from 40% and 87% [36, 48, 52].
Limited dilution PCR assays detected the abundance of CBLs in 0.24% - 25% of peripheral
blood mononuclear cells (PBMC) and 66% of all peripheral B cells [32, 36, 52, 53]. This wide
range of occurrence may result from methodological errors of the PCR technique or expression
of atypical, non-clinical Ig transcripts [53]. The major disadvantage of the PCR method is that
this approach does not allow the morphological identification of cells of interest or sort cells
for subsequent functional analyses. In addition, it is important to take into account that the
presence of the same IgH rearrangements is reliable marker of clonality; it does not confirm
the malignity of cells per se. Therefore, the detection of IgH rearrangements in CD19+ cells could
also indicate that a small clone of premalignant or premyelomatous B cells persists despite the
transformation of other cells into malignant clones but this population does not actively
contribute to myeloma clones [51]. Rasmussen et al. (2010) suggests that peripheral blood
memory B cells represent pre-malignant, partially transformed remnants that could have some
proliferative advantage over normal memory B cells. They questioned the involvement of
CBLs in MM maintenance due to the fact these cells expressed specific ’early’ oncogenes
(FGFR3, MMSET, CCND1) that were deregulated by an IgH translocation but lacked ’late’
oncogene (KRAS) mutations [54].

A large interpatient and interstudy variability led Trepel et al., (2012) to establish patient-
individual ligands mimicking the epitope recognized by the myeloma immunoglobulin to
specifically target clonotypic surface IgH-positive B cells of MM patients [53]. In a cohort of 15
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MM patients, semi-nested PCR using HCDR3-specific patient-individual primers detected
CBLs in 50% of peripheral blood and/or bone marrow samples. This frequency is line with
published data. However, a new flow cytometric protocol detected clonotypic B cells only in
one patient with a sensitivity of 10-3, ie. less than one clonotypic B cell per 1000 PBMCs. These
cells accounted for about 0.15% of PBMCs and 5% of B cells in this patient. Surprising dis‐
crepancies between these two approaches could indicate nonspecific annealing of the CDR3-
primer leading to false positive PCR results. Conclusions of this study suggest that the
abundance of CBLs is exceedingly low and has been enormously overestimated in previous
studies. Similarly to findings of Rasmussen et al. (2010), authors consider that unlike those
CBLs they are true “feeder” cells for malignant PC compartments and an essential prerequisite
of myeloma maintenance and progression [54]. In regard to the rare occurrence of CBLs in
MM, it is more likely that these cells are non-malignant remnants, which may be a part of the
malignant plasma cell clone but do not participate in tumor maintenance [53].

2.2. Clonotypic pre-switch B cells

An identical rearrangement of the IgH VDJ region with a consistent pattern of hypermutations
within the clone is a signature of CBLs. MM plasma cell clones generally express monoclonal
Igs of these isotypes: IgG, IgA, IgD, IgM, in rare cases kappa or lambda light chains and non-
secretory myeloma is detected [55]. Clonotypic isotypes with identical Vh gene sequences and
patterns of hypermutations linked to different classes of Ig heavy-chain constant region genes
(including Cμ gene) compared to clinical isotypes have been identified in some MM patients
[36-38, 56]. B cells with “non-clinical” isotype have been called pre-switch (IgM+) clonotypic B
cells. Particular classes of Ig are generated by mechanism of class switch recombination (CSR)
resulting in the formation of a hybrid switch region composed of switch region Sμ and a
respective isotype switch region (Cδ, Cγ3, Cγ1, Cα1, Cγ2, Cγ4, Cε and Cα2). Consequently,
immunoglobulin production is ‘switched’ from IgM to IgG and IgA (occasionally to IgD or
IgE). Sequences between the switch regions are cut out as a deletion loop after double-stranded
breaks without changing the VDJ sequence [57-59]. The presence of CSR is a hallmark of “post-
switch” B cells. However, pre-switch B cells do not seem to undergo CSR because IgH
transcript is composed of the clonotypic VDJ sequence still joined to Cμ gene [56].

Preswitch (IgM+) CBLs have been identified in BM and PB of most MM patients; however their
frequency is very low. Palumbo et al. (1992) have already suggested that MM may originate
from pre-switch cells [60]. Billadeau et al. (1993), using the allele-specific oligonucleotide PCR,
demonstrated the existence of the pre-switch isotype species that were clonally related to the
myeloma tumor. Another study also proved the evidence of pre-switch cells with somatically
hypermutated clonotypic VDJ region [37]. These cells exhibited expression of CD19 and HLA
class II or surface bound IgM. Reiman et al. (2001) described the presence of clinical and
nonclinical clonotypic isotypes in PB, BM and G-CSF – mobilized blood autografts of MM
patients. Expression of preswitch clonotypic transcripts persisted in the blood despite high-
dose chemotherapy with stem cell support suggesting drug resistance of this pre-switch
population. The persistence of preswitch clonotypic isotypes was associated with reduced
survival and with a more advanced disease at the time of diagnosis. Moreover, both pre‐
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switched and postswitched cells were able to engraft in the NOD/SCID mice indicating their
potential clinical relevance. Authors considered the fact that MM is the disease of post-switch
cells, IgH isotype switching in MM may accompany worsening disease [38]. Despite these
facts, Taylor et al. (2008) questioned the role of preswitch (IgM+) clonotypic cells as a progenitor
pool for postswitch MM-PCs. They hypothesized that if they are progenitors for MM-PCs,
multiple clonotypic switch junctions, or changes in the switch junction, are expected in the
postswitch progeny. However, results of specific clonotypic-switch PCR determined the
presence of a single, unchanged clonotypic switch junction. Thus, postswitch MM-PCs most
likely originate from a single CSR event and pre-switch IgM+ cells do not represent MM-PC
progenitors [52].

Interestingly, pre-switch (non-clonotypic) IgM+ CD27+ cells with mutated IgH V region have
been detected in various immunodeficiencies and autoimmune diseases but also in healthy
donors [61, 62]. Expression of surface marker CD27 suggests that these cells maybe IgM+ CD27+

memory B cells. On the other hand, considering the occurrence of IgM+ CD27+ cells in humans
who cannot form germinal centers (GC), it was presumed that these cells: 1) are generated
independently of germinal centers and therefore cannot represent a subset of memory B cells;
2) undergo SHM during generation of the preimmune repertoire; and 3) they mediate
responses to T cell-independent antigen. The evidence for these presumptions came from the
studies of patients with hyper-IgM syndrome, X-linked lymphoproliferative disease or
common variable immunodeficiency that are characterized by some type of defect in GC
formation. However, quantification of IgM+ CD27+ cells in these diseases showed that their
numbers reached approximately 20–40% of the number observed in normal individuals. These
results indicate that germinal centers may play a role in the development of IgM+ CD27+ cells.
IgM+ memory B cells may be generated at the centroblast stage and undergo SHM but leave
GC before the onset of isotype switching. Whether IgM+ CD27+ cells with mutated IgH V region
might be a source of preswitch (IgM+) CBLs, it remains a matter of further debate and research.

2.3. Clonogenic CD138- cells

Matsui et al., (2004) suggested that the source of MSC responsible for the initiation and
maintenance of MM might be due to a minor population of less differentiated cells reminiscent
of memory B-lymphocytes with surface markers CD20+CD27+CD34-CD138-. They showed that
CD138-/CD34- cells derived from MM cell lines RPMI 8226, NCI-H929 and primary clinical
samples were clonogenic in vitro. Cloning efficiency correlated with the disease stage [6]. The
depletion of either CD20+ or CD27+ cells from the CD138-/CD34- population significantly
limited clonogenic growth of MM, therefore the phenotype of MM cells with in vitro clonogenic
potential were suggested to be characterized by a pattern of surface markers
CD20+CD27+CD138- [39]. Clonogenic potential of CD138-/CD34- cells was evaluated by
successful engraftment of non-obese diabetic/severe combined immunodeficiency (NOD/
SCID) mice during both primary and secondary transplantation. CD138+/CD34- were unable
to form colonies in vitro and human engraftment was not detected in any of the mice injected
with CD138+ cells. A chimeric anti-CD20 monoclonal antibody, rituximab, was showed to

Multiple Myeloma - A Quick Reflection on the Fast Progress66

inhibit clonogenic growth of CD138- cells in vitro [6,39]. However, clinical trials failed to
confirm an effect of rituximab as a useful maintenance therapy for MM [63, 64].

Paino et al., (2011) reevaluated the presence and function of CD20+ putative MSC in a panel of
myeloma cell lines [65]. Although, Matsui et al. (2004) described a small population (2-5%) of
CD138-20+ cells in NCI-H929 and RPMI-8226 cell lines, Paino et al. (2011) were not able to detect
CD20 by flow cytometry in the majority of tested MM cell lines [6, 65]. Only RPMI-8226 cell
lines contained a small population of CD20dim+ cells (0.3%). These data are consistent with the
report of Rossie et al. (2010) that showed that U266, NCI-H929 and RPMI-8226 MM cell lines
are CD20- [66]. Despite previous results, memory B-cell phenotype of putative CD20+ MSC was
also not confirmed. On the contrary, CD20dim+ cells displayed a myelomatous plasma cell
phenotype: CD38+CD138+CD19-CD27-CD45-. Additionally, CD20dim+ cells did not exhibit stem
cell properties and compared to the CD20- population they showed a lower level of self-
renewal potential. Both populations developed plasmacytomas when they were injected into
CD17-SCID mice suggesting that CD20dim+ cells are not essential for tumor formation. Fur‐
thermore, sorted and plated CD20dim+ cells did not differentiate into CD20- cells. However,
CD20- cells give rise to CD20dim+ cells indicating a hierarchical order of differentiation from
CD20- to CD20dim+ cells. Overall, these results do not support CD20 as a marker associated with
MSC phenotype [65].

Other drugs, such as dexamethasone, lenalidomide, bortezomib, or 4-hydroxycyclophospha‐
mide did not significantly affect CD138- cells indicating resistance to some conventional or
novel therapy, a characteristic feature of CSC [39]. All four agents significantly inhibited the
clonogenic growth of CD138+ cells isolated from MM cells. Nevertheless, it could not be
evaluated in CD138+ PCs from MM patients because they lack in vitro clonogenic activity.
Detection of a small CD138- population of MM cell lines (< 2%) that displayed stem cell
properties mediating drug resistance, such as the capacity to efflux the DNA binding dye
Hoechst 33342 and higher relative levels of aldehyde dehydrogenase (ALDH) activity further
supports the existence of a resistant MSC compartment in MM. Moreover, CD138- cells of MM
cell lines also exhibited cellular quiescence similar to adult stem cells – almost all CD138- cells
were shown to remain in G0 – G1 phase and less than 1,5 % in S phase, compared to two thirds
of CD138+ cells in G0 – G1 and about 20% in S phase [39]. On the other hand, results of the first
study proved that CD138- cells isolated from the same MM cell lines expressed higher levels
of the proliferation marker Ki67 than CD138+ cells [6]. These discrepancies might come from
different passages of cell lines or culture conditions but cannot conclusively prove a quiescent
state of CD138- cells.

Besides the clonogenic population of CD138- cells, Matsui et al. (2004) also isolated circulating
clonotypic CD19+CD27+ B cells in peripheral blood of MM patients which were successfully
engrafted into NOD/SCID mice. However, it remains unclear whether CD138- clonogenic cells
are identical to clonotypic CD19+ B cells. Hosen et al. (2012) examined 16 MM samples and
found that only CD138-CD19-CD38++ cells formed colonies in vitro whereas CD19+ B cells did
not [67]. Moreover, CD138-CD19-CD38++ cells engrafted into SCID-rab mouse models in 3 cases
out of 9, whilst there was no detection of CD19+ B cell engrafment. Neither CD19+ B cells
transplanted into NOD/SCID IL2Rγc(-/-) mice propagated into MM. Surprisingly, CD138+ PCs
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switched and postswitched cells were able to engraft in the NOD/SCID mice indicating their
potential clinical relevance. Authors considered the fact that MM is the disease of post-switch
cells, IgH isotype switching in MM may accompany worsening disease [38]. Despite these
facts, Taylor et al. (2008) questioned the role of preswitch (IgM+) clonotypic cells as a progenitor
pool for postswitch MM-PCs. They hypothesized that if they are progenitors for MM-PCs,
multiple clonotypic switch junctions, or changes in the switch junction, are expected in the
postswitch progeny. However, results of specific clonotypic-switch PCR determined the
presence of a single, unchanged clonotypic switch junction. Thus, postswitch MM-PCs most
likely originate from a single CSR event and pre-switch IgM+ cells do not represent MM-PC
progenitors [52].

Interestingly, pre-switch (non-clonotypic) IgM+ CD27+ cells with mutated IgH V region have
been detected in various immunodeficiencies and autoimmune diseases but also in healthy
donors [61, 62]. Expression of surface marker CD27 suggests that these cells maybe IgM+ CD27+

memory B cells. On the other hand, considering the occurrence of IgM+ CD27+ cells in humans
who cannot form germinal centers (GC), it was presumed that these cells: 1) are generated
independently of germinal centers and therefore cannot represent a subset of memory B cells;
2) undergo SHM during generation of the preimmune repertoire; and 3) they mediate
responses to T cell-independent antigen. The evidence for these presumptions came from the
studies of patients with hyper-IgM syndrome, X-linked lymphoproliferative disease or
common variable immunodeficiency that are characterized by some type of defect in GC
formation. However, quantification of IgM+ CD27+ cells in these diseases showed that their
numbers reached approximately 20–40% of the number observed in normal individuals. These
results indicate that germinal centers may play a role in the development of IgM+ CD27+ cells.
IgM+ memory B cells may be generated at the centroblast stage and undergo SHM but leave
GC before the onset of isotype switching. Whether IgM+ CD27+ cells with mutated IgH V region
might be a source of preswitch (IgM+) CBLs, it remains a matter of further debate and research.

2.3. Clonogenic CD138- cells

Matsui et al., (2004) suggested that the source of MSC responsible for the initiation and
maintenance of MM might be due to a minor population of less differentiated cells reminiscent
of memory B-lymphocytes with surface markers CD20+CD27+CD34-CD138-. They showed that
CD138-/CD34- cells derived from MM cell lines RPMI 8226, NCI-H929 and primary clinical
samples were clonogenic in vitro. Cloning efficiency correlated with the disease stage [6]. The
depletion of either CD20+ or CD27+ cells from the CD138-/CD34- population significantly
limited clonogenic growth of MM, therefore the phenotype of MM cells with in vitro clonogenic
potential were suggested to be characterized by a pattern of surface markers
CD20+CD27+CD138- [39]. Clonogenic potential of CD138-/CD34- cells was evaluated by
successful engraftment of non-obese diabetic/severe combined immunodeficiency (NOD/
SCID) mice during both primary and secondary transplantation. CD138+/CD34- were unable
to form colonies in vitro and human engraftment was not detected in any of the mice injected
with CD138+ cells. A chimeric anti-CD20 monoclonal antibody, rituximab, was showed to
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inhibit clonogenic growth of CD138- cells in vitro [6,39]. However, clinical trials failed to
confirm an effect of rituximab as a useful maintenance therapy for MM [63, 64].

Paino et al., (2011) reevaluated the presence and function of CD20+ putative MSC in a panel of
myeloma cell lines [65]. Although, Matsui et al. (2004) described a small population (2-5%) of
CD138-20+ cells in NCI-H929 and RPMI-8226 cell lines, Paino et al. (2011) were not able to detect
CD20 by flow cytometry in the majority of tested MM cell lines [6, 65]. Only RPMI-8226 cell
lines contained a small population of CD20dim+ cells (0.3%). These data are consistent with the
report of Rossie et al. (2010) that showed that U266, NCI-H929 and RPMI-8226 MM cell lines
are CD20- [66]. Despite previous results, memory B-cell phenotype of putative CD20+ MSC was
also not confirmed. On the contrary, CD20dim+ cells displayed a myelomatous plasma cell
phenotype: CD38+CD138+CD19-CD27-CD45-. Additionally, CD20dim+ cells did not exhibit stem
cell properties and compared to the CD20- population they showed a lower level of self-
renewal potential. Both populations developed plasmacytomas when they were injected into
CD17-SCID mice suggesting that CD20dim+ cells are not essential for tumor formation. Fur‐
thermore, sorted and plated CD20dim+ cells did not differentiate into CD20- cells. However,
CD20- cells give rise to CD20dim+ cells indicating a hierarchical order of differentiation from
CD20- to CD20dim+ cells. Overall, these results do not support CD20 as a marker associated with
MSC phenotype [65].

Other drugs, such as dexamethasone, lenalidomide, bortezomib, or 4-hydroxycyclophospha‐
mide did not significantly affect CD138- cells indicating resistance to some conventional or
novel therapy, a characteristic feature of CSC [39]. All four agents significantly inhibited the
clonogenic growth of CD138+ cells isolated from MM cells. Nevertheless, it could not be
evaluated in CD138+ PCs from MM patients because they lack in vitro clonogenic activity.
Detection of a small CD138- population of MM cell lines (< 2%) that displayed stem cell
properties mediating drug resistance, such as the capacity to efflux the DNA binding dye
Hoechst 33342 and higher relative levels of aldehyde dehydrogenase (ALDH) activity further
supports the existence of a resistant MSC compartment in MM. Moreover, CD138- cells of MM
cell lines also exhibited cellular quiescence similar to adult stem cells – almost all CD138- cells
were shown to remain in G0 – G1 phase and less than 1,5 % in S phase, compared to two thirds
of CD138+ cells in G0 – G1 and about 20% in S phase [39]. On the other hand, results of the first
study proved that CD138- cells isolated from the same MM cell lines expressed higher levels
of the proliferation marker Ki67 than CD138+ cells [6]. These discrepancies might come from
different passages of cell lines or culture conditions but cannot conclusively prove a quiescent
state of CD138- cells.

Besides the clonogenic population of CD138- cells, Matsui et al. (2004) also isolated circulating
clonotypic CD19+CD27+ B cells in peripheral blood of MM patients which were successfully
engrafted into NOD/SCID mice. However, it remains unclear whether CD138- clonogenic cells
are identical to clonotypic CD19+ B cells. Hosen et al. (2012) examined 16 MM samples and
found that only CD138-CD19-CD38++ cells formed colonies in vitro whereas CD19+ B cells did
not [67]. Moreover, CD138-CD19-CD38++ cells engrafted into SCID-rab mouse models in 3 cases
out of 9, whilst there was no detection of CD19+ B cell engrafment. Neither CD19+ B cells
transplanted into NOD/SCID IL2Rγc(-/-) mice propagated into MM. Surprisingly, CD138+ PCs
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also give rise of MM, but more slowly than CD138- cells. Thus, CD138-negative clonogenic
cells might represent a population which has the potential to give rise to MM but does not
overlap with the population of CD19+ B cells. These results indicate that CD138-negative
clonogenic cells are more PCs than B cells but this does not necessarily mean that Matsui’s
myeloma stem cell concept is wrong. Although, MSCs phenotypically resemble memory B
cells, they may be modified PCs and CD138-positive PCs might represent some “transit”
population that subsequently lost its mature phenotype (this will be discussed later). However,
Christensen et al. (2012) reexamined CD138- population of so called MSC and obtained
surprising results which were strongly controversial to both previous mentioned reports [68].
An analysis of primary CD138+ PCs of MM patients showed that the number of CD138- cells
increased in parallel with increasing time from sampling to analysis. In regards to the fact that
myeloma PCs loses expression of the surface antigen CD138 in apoptosis, Annexin V was
included in all analyses to monitor apoptotic cells [69]. Expectedly, if a CD138- population was
detected, these cells were positive for Annexin V. Similar results were also obtained by Chiron
et al. (2011). Furthermore, qPCR techniques confirmed similarly high levels of CD138 mRNA
in both CD138- and CD138+ MM cells. CD138- and CD138+ subpopulations varied neither in
expression of CD19 nor in expression of CD20. These contradictory results would imply that
the CD138-negative population may represent only cells undergoing apoptosis as a conse‐
quence of previous sample handling [68]. Nevertheless, these new findings cannot completely
deny results of previous studies that showed the potential of CD138- cells to form colonies in
vitro and engraft mouse models.

2.4. Side population

Side population (SP) cells were defined based on their capacity to exclude dyes such as Hoechst
33342 [70]. Hoechst 33342 dye binds to the AT-rich regions found in the minor groove of DNA.
Upon UV excitation, cells with this efflux capacity can be identified as the minor population
of the positively stained cells sideways from the diagonal in FACS analysis plots. SP cells have
been detected in various cancer cell lines as well as primary tumors (rev. in 71). Side population
possesses CSC characteristics such as the capacity for regrowth of the tumor, expression of
stem cell-like genes and resistance to chemotherapy. This is why SP cells are believed to be the
true population responsible for tumor maintenance.

The presence of SP cells were investigated in four MM cell lines, RPMI 8226, U266, OPM2 and
KMS-11, and primary MM samples [42]. SP was defined using control cells stained with both
Hoechst and verapamil, L-type calcium channel blocker, to establish the SP gate[72]. Reduction
of SP cells was demonstrated in all tested cell lines. In 18 of 21 bone marrow samples from MM
patients the percentage of SP cells ranged from 0 to 4.9% compared to 0.05% of SP in normal
bone marrow. There was neither a significant difference between treated and non-treated MM
patients based on the percentage of SP nor a correlation between the percentage of SP and the
paraprotein concentration or disease stage. 0.18–0.83% of SP cells express the clonal surface
immunoglobulin light chain restriction that matched 89–97% of each patient’s PCs. SP cells
were also analyzed for the expression of CD138. A mean of 96.1% of SP cells were found to be
CD138-. However the CD138+ fraction also contained SP indicating that they are present in
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both CD138- and CD138+ compartments. Jakubikova et al. (2011) also demonstrated that the SP
fraction of MM cell lines expressed CD138 antigen [43]. Moreover, these results did not prove
a correlation between expression of CD19, CD20, or CD27 and the proportion of SP cells.
Conversely, SP cells showed more clonogenic potential and proliferation index than the main
population. Furthermore, adherence to stromal cells increased percentage, viability and
proliferation potential of SP cells. Supportive role of BM microenvironment was attenuated
by lenalidomide and thalidome. Lenalidomide itself directly decreased the percentage and
clonogenicity of SP cells. This study demonstrated innovative and promising strategies for
targeting putative myeloma-initiating cells and prevention of relapse.

Although SPs exhibit stem cell properties and might represent a “feeder” population respon‐
sible for the relapse of the disease, others question the method for detection of SP. Hoechst
staining binds to DNA resulting in toxicity to live cells, that is why SP cells might represent
only a population that survived the lethal effect of Hoechst. SP phenotype might also be
affected by staining time, dye concentration or cellular concentration. The problem also lies in
cytometric approaches that showed inconsistencies among gating strategies and might lead to
contamination of the SP fraction by non-SP cells. Furthermore, usage of verapamil as an
inhibitor of efflux was also criticized because verapamil-sensitive cells were detected in the
negative or SP gate [73]. These problematic findings require more stringent gating strategies
to clear doubts about SP.

2.5. Clonogenic plasma cells

The clonogenic potential of primary MM cells was first demonstrated by Hamburger & Salmon
(1977). They showed that freshly explanted human myeloma cells are able to form colonies of
monoclonal PCs. Colonies consisted of immature plasmablasts and mature PCs. Drewinko et
al., (1981) investigated the growth fraction of MM cells. In untreated and nonresponsive
patients the growth fraction represented 4% of MM cells. Patients in relapse had the growth
fraction ranging from 14% to 83%. Nonproliferating fraction contained true quiescent cells,
some proliferating cells with very long intermitotic times, and some proliferating cell that have
entered the maturation phase. Although these two reports demonstrated clonogenic and
proliferative capacity of primary MM tumors, these cells were not phenotypically defined as
whole mononuclear fraction of BM was used for analyses. Therefore, results of these studies
cannot answer what kind of cells represents true growth fraction.

First experiments demonstrating the clonogenic growth of phenotypically defined PCs were
carried out by Yaccoby and Epstein (1999). They proved that CD38++CD45- PCs derived from
PB and BM are able to engraft severe combined immunodeficiency (SCID)-hu host system with
implanted human bone. Circulating clonal PCs grew more rapidly in SCID-hu hosts than those
in the BM suggesting that this may represent a subpopulation with a higher growth potential.
In contrast to previous reports, PC-depleted blood cells did not give rise to MM in SCID-hu
hosts [7]. Yata & Yaccoby, 2004 presented an alternative model for study of myeloma-initiating
cells (MIC) that uses rabbit bones implanted subcutaneously in unconditioned SCID mice. The
SCID-rab model was also successfully engrafted with CD138+ PCs of MM patients. Although,
these two models did not show a serial engraftment of the disease, they strongly indicate a
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also give rise of MM, but more slowly than CD138- cells. Thus, CD138-negative clonogenic
cells might represent a population which has the potential to give rise to MM but does not
overlap with the population of CD19+ B cells. These results indicate that CD138-negative
clonogenic cells are more PCs than B cells but this does not necessarily mean that Matsui’s
myeloma stem cell concept is wrong. Although, MSCs phenotypically resemble memory B
cells, they may be modified PCs and CD138-positive PCs might represent some “transit”
population that subsequently lost its mature phenotype (this will be discussed later). However,
Christensen et al. (2012) reexamined CD138- population of so called MSC and obtained
surprising results which were strongly controversial to both previous mentioned reports [68].
An analysis of primary CD138+ PCs of MM patients showed that the number of CD138- cells
increased in parallel with increasing time from sampling to analysis. In regards to the fact that
myeloma PCs loses expression of the surface antigen CD138 in apoptosis, Annexin V was
included in all analyses to monitor apoptotic cells [69]. Expectedly, if a CD138- population was
detected, these cells were positive for Annexin V. Similar results were also obtained by Chiron
et al. (2011). Furthermore, qPCR techniques confirmed similarly high levels of CD138 mRNA
in both CD138- and CD138+ MM cells. CD138- and CD138+ subpopulations varied neither in
expression of CD19 nor in expression of CD20. These contradictory results would imply that
the CD138-negative population may represent only cells undergoing apoptosis as a conse‐
quence of previous sample handling [68]. Nevertheless, these new findings cannot completely
deny results of previous studies that showed the potential of CD138- cells to form colonies in
vitro and engraft mouse models.

2.4. Side population

Side population (SP) cells were defined based on their capacity to exclude dyes such as Hoechst
33342 [70]. Hoechst 33342 dye binds to the AT-rich regions found in the minor groove of DNA.
Upon UV excitation, cells with this efflux capacity can be identified as the minor population
of the positively stained cells sideways from the diagonal in FACS analysis plots. SP cells have
been detected in various cancer cell lines as well as primary tumors (rev. in 71). Side population
possesses CSC characteristics such as the capacity for regrowth of the tumor, expression of
stem cell-like genes and resistance to chemotherapy. This is why SP cells are believed to be the
true population responsible for tumor maintenance.

The presence of SP cells were investigated in four MM cell lines, RPMI 8226, U266, OPM2 and
KMS-11, and primary MM samples [42]. SP was defined using control cells stained with both
Hoechst and verapamil, L-type calcium channel blocker, to establish the SP gate[72]. Reduction
of SP cells was demonstrated in all tested cell lines. In 18 of 21 bone marrow samples from MM
patients the percentage of SP cells ranged from 0 to 4.9% compared to 0.05% of SP in normal
bone marrow. There was neither a significant difference between treated and non-treated MM
patients based on the percentage of SP nor a correlation between the percentage of SP and the
paraprotein concentration or disease stage. 0.18–0.83% of SP cells express the clonal surface
immunoglobulin light chain restriction that matched 89–97% of each patient’s PCs. SP cells
were also analyzed for the expression of CD138. A mean of 96.1% of SP cells were found to be
CD138-. However the CD138+ fraction also contained SP indicating that they are present in
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both CD138- and CD138+ compartments. Jakubikova et al. (2011) also demonstrated that the SP
fraction of MM cell lines expressed CD138 antigen [43]. Moreover, these results did not prove
a correlation between expression of CD19, CD20, or CD27 and the proportion of SP cells.
Conversely, SP cells showed more clonogenic potential and proliferation index than the main
population. Furthermore, adherence to stromal cells increased percentage, viability and
proliferation potential of SP cells. Supportive role of BM microenvironment was attenuated
by lenalidomide and thalidome. Lenalidomide itself directly decreased the percentage and
clonogenicity of SP cells. This study demonstrated innovative and promising strategies for
targeting putative myeloma-initiating cells and prevention of relapse.

Although SPs exhibit stem cell properties and might represent a “feeder” population respon‐
sible for the relapse of the disease, others question the method for detection of SP. Hoechst
staining binds to DNA resulting in toxicity to live cells, that is why SP cells might represent
only a population that survived the lethal effect of Hoechst. SP phenotype might also be
affected by staining time, dye concentration or cellular concentration. The problem also lies in
cytometric approaches that showed inconsistencies among gating strategies and might lead to
contamination of the SP fraction by non-SP cells. Furthermore, usage of verapamil as an
inhibitor of efflux was also criticized because verapamil-sensitive cells were detected in the
negative or SP gate [73]. These problematic findings require more stringent gating strategies
to clear doubts about SP.

2.5. Clonogenic plasma cells

The clonogenic potential of primary MM cells was first demonstrated by Hamburger & Salmon
(1977). They showed that freshly explanted human myeloma cells are able to form colonies of
monoclonal PCs. Colonies consisted of immature plasmablasts and mature PCs. Drewinko et
al., (1981) investigated the growth fraction of MM cells. In untreated and nonresponsive
patients the growth fraction represented 4% of MM cells. Patients in relapse had the growth
fraction ranging from 14% to 83%. Nonproliferating fraction contained true quiescent cells,
some proliferating cells with very long intermitotic times, and some proliferating cell that have
entered the maturation phase. Although these two reports demonstrated clonogenic and
proliferative capacity of primary MM tumors, these cells were not phenotypically defined as
whole mononuclear fraction of BM was used for analyses. Therefore, results of these studies
cannot answer what kind of cells represents true growth fraction.

First experiments demonstrating the clonogenic growth of phenotypically defined PCs were
carried out by Yaccoby and Epstein (1999). They proved that CD38++CD45- PCs derived from
PB and BM are able to engraft severe combined immunodeficiency (SCID)-hu host system with
implanted human bone. Circulating clonal PCs grew more rapidly in SCID-hu hosts than those
in the BM suggesting that this may represent a subpopulation with a higher growth potential.
In contrast to previous reports, PC-depleted blood cells did not give rise to MM in SCID-hu
hosts [7]. Yata & Yaccoby, 2004 presented an alternative model for study of myeloma-initiating
cells (MIC) that uses rabbit bones implanted subcutaneously in unconditioned SCID mice. The
SCID-rab model was also successfully engrafted with CD138+ PCs of MM patients. Although,
these two models did not show a serial engraftment of the disease, they strongly indicate a
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critical role of specific bone marrow microenvironments for plasma cell survival and prolif‐
eration [28].

A dependence of myeloma PCs on human BM microenvironment was clearly demonstrated
in an experiment with NOD/SCID/common cytokine receptor γ chain-deficient (NSG) and
recombinase-activating gene 2/common cytokine receptor γ chain-deficient (RAG2-/ γ c-) mice
[30]. Results proved that CD138+/CD38high cells from MM patients led to a repopulation of
CD19+CD38low or CD138+CD38+ B-lineage cells in human bone-bearing mice but no engraft‐
ments were detected in human bone-free mice even after orthotropic intrafemoral injection.
Moreover, serially xenotransplantated CD19-CD138+ cells preferably engrafted from a human
bone graft but were not detected in any mouse hematopoietic tissues. All grafts derived from
CD138+/CD38high cells were clonally related to myeloma PCs, whereas engraftments of
CD19+CD38low/- B cells were polyclonal CD19+CD38low cells. Further fractionation of CD138+/
CD38high cells and theirs subsequent xenotransplantation showed that CD45low/- or CD19-

CD38high/CD138+ cells had a higher engraftment ability than CD45high or CD19+ plasmablasts.
In line with the above mentioned results, it was concluded that CD19-CD45low/-CD38high/
CD138+ PCs rather than CD19+ B cells or plasmablasts enrich for MICs. In addition, analysis of
clonogenic potentials of CD138+ and CD138- populations derived from plasma cell leukemia
patients strongly favored these findings [29]. This study demonstrated that, though, CD138+

PCs derived from plasma cell leukemia patients formed colony forming units (CFU) in a very
low frequency, no CFU were found when CD138- cells were seeded. Harvested cells of CFUs
derived from CD138+ PCs were strongly positive for CD138 but negative for CD20. There was
no evidence that they can be CD138-CD19+CD20- plasmablasts or CD19+CD20+CD138- B-cells.
These findings further underline an important role of CD20-CD138+ population as a conceiv‐
able reservoir of clonal PCs at least in plasma cell leukemia.

Against the statement that CD138-positive PCs represent a “feeder” population responsible
for incurability of MM is the fact that abnormal PCs show a low proliferation potential with a
plasma cell labeling index (PCLI) ranging from 0.5% in MGUS to 1% in early MM, PCLI.
Therefore, the growth fraction of progenitor cells giving rise to MM has been expected in less
differentiated stages of B cell development. Despite low proliferative activity of malignant PCs,
PCLI is one of the most important prognostic factor with a strong impact on overall survival
[98, 99]. Additionally, limited proliferation potential of PCs could be explained by error
reduction during DNA synthesis that was proposed for normal adult stem cells that are highly
clonogenic but proliferatively silenced [100].

2.6. Intermediate plasma cell precursors

O’Connor et al. (2002) identified post-GC-precursors in a mouse model that might contribute
to long-lived humoral immunity. These cells were distinct from splenic B cells, mature or
memory B cells as well as mature PCs. Mediate levels of CD138 indicated that PC precursors
might represent a transition state of PC development. PC precursors were demonstrated to
migrate to the BM where they proliferate and persist for a long period of time and consequently
differentiate to mature PCs without antigen stimulation. CD138+CD44+ give rise to short-lived
PCs, CD138+CD44- or CD138-CD44+ differentiated to long-lived PCs. Two roles of PC precur‐
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sors were suggested; (i) they might either serve as a reservoir of PCs upon PC attrition or (ii)
contribute to post-GC affinity maturation of the humoral immune response. Due to similarities
of phenotype, proliferative potential, and differential capacity of the PC precursors to putative
MM progenitors, authors suggested that these cells are candidates for the normal counterpart
of transformed MM progenitors [74].

The true origin of MM remains a matter for further debate. An unanswered question persists
whether clonotypic CD138- cells or side populations represents myeloma precursors or
phenotypic variants of the MM tumor cells that have lost some plasma cell markers and gained
some B-cell markers as Yaccoby (2005) suggested [27, 54]. He presented a new model for
myelomagenesis; that mature CD45low/intermediate CD38high CD138high, CD19−CD34− PC situated
closely with osteoclasts in the lytic bone lesions reverse senescence, acquire a stem cell
phenotype, (CD45intermediate/high CD19low andCD34low), and become quiescent and apoptosis-
resistant. This indicates that myeloma PCs have plasticity that allows them to reprogram,
dedifferentiate and acquire autonomous survival properties which are responsible for drug-
resistance and relapse of MM patients. Similar results were also obtained by Kukreja et al.
(2006) when cultured U266 myleoma cell line and primary myeloma PCs with dendritic cells
(DC). The coculture of U266 cells and DCs led to an increase in the proportion of cells lacking
CD138; a marker of terminally differentiated PCs, and induction of B cell lymphoma 6 (BCL6)
expression. It was suggested that BCL6 plays an important role in survival and self-renewal
of germinal center B cells and that suppression of BCL6 is a critical feature of normal PC
differentiation. Furthermore, a presence of DCs in the culture enhanced clonogenic growth of
the myeloma cell line and as well as primary myeloma PCs [75]. Just as in the previous report,
this data suggests that the differentiation state of myeloma cells is plastic and can be modified
in the presence of DCs. Both reports emphasize an importance of tumor microenvironments
for myleoma plasticity. Whether myeloma PCs exhibit plasticity that might be responsible for
phenotypic heterogeneity of MMs, and also form inconsistencies among myeloma stem cell
concepts, it will be discussed further.

3. Phenotypic heterogeneity of multiple myeloma

The high phenotypic heterogeneity of clonal PCs is a hallmark of MM; abnormal PCs fre‐
quently express a wide spectrum of multi-lineage antigens such as myeloid, T-cell and natural
killer-associated antigens. Compared to normal polyclonal PCs which show high CD38 and
CD138 expression along with the B-lymphocyte marker CD19 abnormal PCs generally lack
CD19 expression, show variable expression of CD45, dim expression of CD38 and heteroge‐
neous signals of CD138. Further, they have weaker expression of CD27, increased expression
of CD28, CD33 and CD56 and variable expression of CD20 and CD117 (rev. in [76, 77]). Causes
of phenotypic heterogeneity remain unclear.

PCs belong to the B-cell lineage that expresses paired box protein 5 (PAX5) and its target, CD19.
PAX5 activation and inactivation is essential for early B cell commitment as well as for
maintenance of the functional identity of B cells throughout B cell development. PAX5
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critical role of specific bone marrow microenvironments for plasma cell survival and prolif‐
eration [28].

A dependence of myeloma PCs on human BM microenvironment was clearly demonstrated
in an experiment with NOD/SCID/common cytokine receptor γ chain-deficient (NSG) and
recombinase-activating gene 2/common cytokine receptor γ chain-deficient (RAG2-/ γ c-) mice
[30]. Results proved that CD138+/CD38high cells from MM patients led to a repopulation of
CD19+CD38low or CD138+CD38+ B-lineage cells in human bone-bearing mice but no engraft‐
ments were detected in human bone-free mice even after orthotropic intrafemoral injection.
Moreover, serially xenotransplantated CD19-CD138+ cells preferably engrafted from a human
bone graft but were not detected in any mouse hematopoietic tissues. All grafts derived from
CD138+/CD38high cells were clonally related to myeloma PCs, whereas engraftments of
CD19+CD38low/- B cells were polyclonal CD19+CD38low cells. Further fractionation of CD138+/
CD38high cells and theirs subsequent xenotransplantation showed that CD45low/- or CD19-

CD38high/CD138+ cells had a higher engraftment ability than CD45high or CD19+ plasmablasts.
In line with the above mentioned results, it was concluded that CD19-CD45low/-CD38high/
CD138+ PCs rather than CD19+ B cells or plasmablasts enrich for MICs. In addition, analysis of
clonogenic potentials of CD138+ and CD138- populations derived from plasma cell leukemia
patients strongly favored these findings [29]. This study demonstrated that, though, CD138+

PCs derived from plasma cell leukemia patients formed colony forming units (CFU) in a very
low frequency, no CFU were found when CD138- cells were seeded. Harvested cells of CFUs
derived from CD138+ PCs were strongly positive for CD138 but negative for CD20. There was
no evidence that they can be CD138-CD19+CD20- plasmablasts or CD19+CD20+CD138- B-cells.
These findings further underline an important role of CD20-CD138+ population as a conceiv‐
able reservoir of clonal PCs at least in plasma cell leukemia.

Against the statement that CD138-positive PCs represent a “feeder” population responsible
for incurability of MM is the fact that abnormal PCs show a low proliferation potential with a
plasma cell labeling index (PCLI) ranging from 0.5% in MGUS to 1% in early MM, PCLI.
Therefore, the growth fraction of progenitor cells giving rise to MM has been expected in less
differentiated stages of B cell development. Despite low proliferative activity of malignant PCs,
PCLI is one of the most important prognostic factor with a strong impact on overall survival
[98, 99]. Additionally, limited proliferation potential of PCs could be explained by error
reduction during DNA synthesis that was proposed for normal adult stem cells that are highly
clonogenic but proliferatively silenced [100].

2.6. Intermediate plasma cell precursors

O’Connor et al. (2002) identified post-GC-precursors in a mouse model that might contribute
to long-lived humoral immunity. These cells were distinct from splenic B cells, mature or
memory B cells as well as mature PCs. Mediate levels of CD138 indicated that PC precursors
might represent a transition state of PC development. PC precursors were demonstrated to
migrate to the BM where they proliferate and persist for a long period of time and consequently
differentiate to mature PCs without antigen stimulation. CD138+CD44+ give rise to short-lived
PCs, CD138+CD44- or CD138-CD44+ differentiated to long-lived PCs. Two roles of PC precur‐

Multiple Myeloma - A Quick Reflection on the Fast Progress70
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contribute to post-GC affinity maturation of the humoral immune response. Due to similarities
of phenotype, proliferative potential, and differential capacity of the PC precursors to putative
MM progenitors, authors suggested that these cells are candidates for the normal counterpart
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3. Phenotypic heterogeneity of multiple myeloma

The high phenotypic heterogeneity of clonal PCs is a hallmark of MM; abnormal PCs fre‐
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CD138 expression along with the B-lymphocyte marker CD19 abnormal PCs generally lack
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of CD28, CD33 and CD56 and variable expression of CD20 and CD117 (rev. in [76, 77]). Causes
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PCs belong to the B-cell lineage that expresses paired box protein 5 (PAX5) and its target, CD19.
PAX5 activation and inactivation is essential for early B cell commitment as well as for
maintenance of the functional identity of B cells throughout B cell development. PAX5
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represses B lineage 'inappropriate' genes and simultaneously activates B lineage-specific genes
[78, 79]. Conditional PAX5 reduction in late B lymphocytes promotes development to the
mature B cell stage. PAX5 and CD19 expression are considered to be downregulated or lost
but it has been reported that expression of PAX5 and CD19 is restored in normal PCs of pleural
effusion, ascitic fluid and BM aspirate. In contrast to normal PCs, clonal PCs of MM do not
express PAX5 or CD19 (> 95% of cases) [80, 81].

Phenotypic heterogeneity of abnormal PCs might reflect a certain degree of dedifferentiation
of these cells. It has been previously shown that elimination of PAX5 shifts B cells to multi-
potency [82]. Therefore expression of multi lineage markers on clonal PCs might be due to a
lack of PAX5 gene expression but not only as a consequence of malignant transformation. Cell
heterogeneity is the phenomenon that is commonly seen in many cancer types. The cause of
this variability might be due to the loss of the lineage master gene which can lead to dediffer‐
entiation or transdifferentiation into cells of other lineages [83].

The ability to differentiate into multiple lineages is a characteristic feature of pluripotent
embryonic stem cells. However, pluripotency does not necessarily have to be limited to a
population of undifferentiated stem cells of the early embryo and lost irreversibly upon
terminal differentiation [84]. Fully differentiated somatic cells can be reprogrammed into
inducible pluripotent stem cells (iPSC) by ’forced’ expression of pluripotency/reprogramming
factors: OCT4, SOX2, c-Myc and KLF4 or NANOG, LIN28, c-Myc and KLF4 [85, 86]. Human
somatic cells from all three germ layers, including human differentiated mature B lympho‐
cytes, have been successfully reprogrammed [87-93] Reprogramming of mature B cells
required additional ‘sensitization’ by the myeloid transcription factor CCAAT/enhancer-
binding protein-α (C/EBPα) that causes a disruption of PAX5 functions, or a specific knock‐
down of the B cell transcription factor PAX5. This indicates that the loss of PAX5 expression
might be associated with gain of stem cell features for mature PCs and represent one of the
key events in the pathogenesis of MM.

4. Plasticity of multiple myeloma

There is growing evidence that MM encompasses a certain degree of plasticity that might be
responsible for expression of a wide spectrum of multi lineage markers and discrepancies
among myeloma stem cell theories. Two facts support this hypothesis:

i. There is a strong link between induction of pluripotency and tumor progression;
several human cancers acquire stem cell-like plasticity upon (re)expression of
reprogramming factors. It raises the possibility that dedifferentiation is a key
mechanism for the generation of tumor-initiating cells in human cancer [84]. The
process of dedifferentiation is suggested to be under control of tumor microenviron‐
ment. Interaction of tumor cells with their microenvironment might induce altered
differentiation; epithelial-mesenchymal transition (EMT) which has been observed
in some solid tumors [94, 95]. Similarly to MM, phenotypic plasticity of myeloma PCs
were observed in long-term co-culture with osteoclasts; myeloma PCs lost their
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mature phenotype and dedifferentiated to an immature, resilient, apoptosis-resistant
phenotype. In addition, CD138+ PCs cocultured with DCs lost expression of CD138
and increased the clonogenic potential [75]. It raises the possibility that signals from
the microenvironment can (reversibly) alter the phenotype of PCs and cause obvious
heterogeneity of MM. This regulation might keep dynamic equilibrium between CSC
and non-CSC compartments [96].

Dynamic state between CSC and non-CSC like compartments were also observed in a
subpopulation of differentiated basal-like human mammary epithelial cells that spontaneous‐
ly converted to stem-like cells in vitro and in vivo. Moreover, oncogenic transformation
enhances this spontaneous conversion. These findings indicate that normal and CSC-like cells
can arise de novo and indicate the importance of the differentiation state of cells-of-origin as a
critical factor determining the phenotype of their transformed derivatives [97]. Whether
mature PCs exhibit a plasticity potential responsible for dedifferentiation into cells with stem
cell like properties is questionable but highly attractive. Confirmation that mature PCs have
the capacity to convert into CSCs could resolve current inconsistencies among myeloma stem
cell theories and help to target the population responsible for relapse of the disease.

ii. Despite of mature phenotype, myeloma PCs have been reported to express pluripo‐
tency factors (SOX2, c-Myc or KLF4) and stem/progenitor markers, such as germline
stem cell markers of the MAGE family, the hematopoietic progenitor marker CD117
or neural stem cell marker nestin [83, 101-105]. Some of these factors provide valuable
prognostic information. Currently, the role of c-myc is growing as the key transform‐
ing factor in the progression of asymptomatic MGUS to a symptomatic disease [101].
SOX2 and MAGE have been demonstrated to be relevant targets for immunotherapy
due to their immunogenicity. Interestingly, MGUS patients frequently mount a
humoral and cellular immune response against SOX2 but MM patients lack anti-
SOX2 immunity [104, 106]. CD117 (c-kit) is an essential hematopoietic growth factor
receptor with tyrosine-kinase activity. Aberrant expression of CD117 is detected on
a subset of MGUS and MM and is associated with a favorable outcome for MM
patients [107, 108]. KLF4 was described in regulation of apoptosis, proliferation and
differentiation of B cells and B-cell malignancies. Strong up-regulation of KLF4 was
detected in MM cell lines in the process of apoptosis suggesting a role of KLF4 in MM
progression [105]. Nestin is a remarkable protein that is found in rapidly dividing
cells of developing and regenerating tissues [109]. Therefore, it is surprising that this
gene and protein expression of the stem cell marker nestin has been detected in
terminally differentiated PCs of MM patients [83, 110]. Moreover, our recent work
proved that nestin protein is a tumor specific marker for CD138+38+PC of MM [110].
Expression of nestin, a marker of stem/progenitor cells in malignant PCs that are
considered to be terminally differentiated, is highly controversial and indicates that
nestin might play an exceptional role in the pathology of MM. However, biological
or clinical implications of nestin have not been determined in monoclonal gammo‐
pathies or other hematological malignancies so far.
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Summarizing these findings supports the hypothesis that stem cell-like features are not rare
in monoclonal gammopathies and might indicate the existence of inducible stem cell properties
in more differentiated cells than was initially thought [27, 111] (see Fig. 2).

Figure 2. Model of inducible stem cell properties in myeloma

5. Putative role of nestin in myeloma plasticity

Neural stem cell marker nestin was first identified in neuroepithelial stem/progenitor cells of
the rat central nervous system (CNS) by Hockfield and McKay in 1985 [112]. Nestin is detected
in a wide range of undifferentiated tissues under normal and pathological conditions
[113-116]. Expression of nestin is a common feature of multipotent proliferative progenitor
cells with self-renewal and regeneration potentials. During terminal differentiation, nestin
expression is silenced but can be reactivated upon injury or other pathological conditions such
neoplastic transformation. The human nestin gene is located at 1q23 locus and is composed of
four exons and three introns. Nestin expression is driven by a minimal promoter that is
activated by transcriptional factor Sp1 [117]. Moreover, epigenetic regulation was also
demonstrated. Results indicated that histone acetylation might be sufficient to mediate
activation of nestin transcription [118].

Nestin protein belongs to a large family of intermediate filament (IF) proteins that are encoded
by more than 70 genes expressed in a time and site-specific manner in metazoan cells. Members
of the IF family are divided into six classes of proteins according to their structure, properties
and localization [119]. Nestin, a class VI protein, is characterized by a α-helical central ’rod’
domain which is typical for all IF, that contains repeated hydrophobic heptad motifs, a short
N-terminus (head) and a very long C-terminus (tail) (Fig. 3) C-terminus is suggested to
function as a linker or cross-bridge between intermediate filaments, microfilaments and
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microtubules [120]. The molecular weight of human nestin protein is ~ 200 – 220 kDa; more
often it is found in its glycosylated form with molecular weight of 240kDa [121, 122]. Nestin
does not fold by itself most likely because of its very short N-terminus. Therefore, nestin
requires the presence of other IF proteins such as type III vimentin, desmin or type IV α-
internexin [109, 123, 124].

Figure 3. Structure of intermediate filaments (adopted and modified from Michalzyk & Ziman, [2005]

5.1. Cellular roles of nestin

An important regulator of nestin organization and dynamics during mitosis is cdc2-mediated
phosphorylation. Phosphorylation/dephosphorylation of nestin may modulate disassembly
and assembly of intermediate filaments [125]. These processes might play a role during
increased cytoplasmic trafficking in progenitor cells undergoing division or in migrating
interphase cells [126-128]. Nestin was shown to participate in asymmetric redistribution of
cytoskeletal proteins and other factors to daughter neuroepithelial cells [129]. Nestin structure
serves also as a scaffold for cdk5/p35 activity resulting in a cytoprotective effect against stress
induced cell death in neural progenitor cells [122, 130]. Moreover, nestin is supposed to be a
major determinant in suppression of anti-proliferative activity of glucocorticoid receptors (GR)
in undifferentiated tissues by anchoring GRs in cytoplasm but cells lacking nestin accumulate
GRs in the nucleus [131]. This mechanism might be responsible for glucocorticoid resistance
seen in many cancers.

5.2. Nestin in multiple myeloma

Biological or clinical implications of nestin have not been systematically studied in monoclonal
gammopathies or other hematological malignancies so far. The first mention of nestin expres‐
sion in MM was described in malignant PCs of 5 MM patients and two myeloma cell lines
(NOP2 and Liu01) by Liu et al. (2007). Authors referred to the existence of CD56+ primary MM
cells expressing neuronal markers, such as nestin, neuron-specific enolase and β-tubulin III
[83]. Expression of nestin was reported to be stimulated by the Notch signaling pathway in
human gliomas [132]. The Notch pathway plays also an important role in survival and
proliferation of malignant PCs and negatively affects bone disease in MM [133]. Our recent
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work proved that nestin protein is a tumor-specific marker for CD138+38+PC of MM patients
[110]. Regarding the fact that myeloma PCs appear to be mature, terminally differentiated cells
with a low proliferative potential, the presence of nestin is very surprising. Cells expressing
nestin may represent a transient population undergoing dedifferentiation into CSC-like
phenotype. Providing that PCs possess a truly dedifferentiation potential, the direction of
dedifferentiate needs to be elucidated and whether or not this process is reversible.

Unexpectedly, our results showed that nestin was present in one-third of cases in 50% to almost
100% of PCs. Also expression of MAGE genes was found in majority of PCs [102, 134]. Thus,
if nestin is expressed in most cells, it means that majority of PCs might gain stem cell features
and could repopulate the tumor after therapy. These findings take into question the hierarch‐
ical model of myelomagenesis based on the presumption that MM originates from a minor
population of MSC. Conversely, stochastic clonal evolution model better describes mecha‐
nisms responsible for recurrence of MM. This model suggests that majority of tumor cells have
a character of stem cells and may repopulate tumor cells after treatment [135]. Plasticity of PCs
better fits the clonal evolution model because weakly proliferating PCs would not be able to
quickly repopulate the tumor, therefore we hypothesized that they need to convert into more
rapidly dividing cells.

Association of nestin with plasticity of terminally differentiated cell types were demonstrated
in the study of metaplastic conversion of mature pancreatic epithelial cells [136] Metaplastic
conversion is defined as the replacement of one differentiated cell type by another mature cell
type and is frequently associated with an increased risk of subsequent neoplasia. Causes of
these changes remains unclear but one possible mechanism may be transdifferantiation of one
mature cell type to another one either directly or via an undifferentiated transient cells (rev.
in [137]). Means et al. (2005) showed that mature acinar cells can convert into ductal epithelia
under EGFR signaling. Metaplastic changes were accompanied by occurrence of nestin-
positive intermediates similar to nestin-positive precursors observed during early pancreatic
development. Results of this study proved a real trans-differentiation potential of mature
mammalian cells and indicated that plasticity of mature cell types may play a role in the
generation of neoplastic precursors. Whether nestin-positive myeloma PCs might represent
particular intermediates undergoing changes leading to the occurrence of cells with a changed
(transdifferantiation) or less differentiated phenotype (dedifferentiation), it remains a matter
for future research. On the other hand, nestin expression might represent only a byproduct of
tumor transformation without any association with myeloma heterogeneity. However, the
dynamic character of nestin network plays an important role in the key cell processes such as
proliferation, migration and cell survival. Nestin polymerization/ depolymerization influences
intracellular signaling, it is likely responsible for rapid redistribution of intracellular proteins,
cytoskeletal remodeling and/or might function as a scaffold for protein interactions [122, 125,
129, 130] (Fig. 4). All these properties might represent an important prerequisite for myeloma
plasticity.
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Figure 4. Nestin remodeling and cellular functions

6. Cancer stem cell phenotype and tumor microenvironment

Recent knowledge supports the hypothesis that altered BM microenvironments participate in
both mechanisms leading to tumor progression; induction of stem cell features and stimulation
of angiogenesis. Cancer stem cell phenotypes may be a plastic state induced in cancer cells
depending upon microenvironmental signals, such as hypoxia. Hypoxia has a great impact on
the production of angiogenic factors but it is also a crucial regulator of the stem cell phenotype.
Several reports have shown that hypoxia and HIFs are involved in maintaining a stem-like
state in normal tissues [138]. One example can represent hematopoietic stem cells that reside
in regions regulated by oxygen tension. It is hypothesized that undifferentiated phenotypes
of these cells relies on HIF activity in hypoxic areas. Hypoxic areas in tumors might be an
analog to stem cell niches in normal tissues. Furthermore, Yoshida et al. (2009) have shown
that hypoxic conditions significantly improve generation of iPSC [139]. Growing knowledge
of cancer stem cell biology suggests that hypoxia may act as a critical regulator of the cancer
stem cell phenotype.
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depending upon microenvironmental signals, such as hypoxia. Hypoxia has a great impact on
the production of angiogenic factors but it is also a crucial regulator of the stem cell phenotype.
Several reports have shown that hypoxia and HIFs are involved in maintaining a stem-like
state in normal tissues [138]. One example can represent hematopoietic stem cells that reside
in regions regulated by oxygen tension. It is hypothesized that undifferentiated phenotypes
of these cells relies on HIF activity in hypoxic areas. Hypoxic areas in tumors might be an
analog to stem cell niches in normal tissues. Furthermore, Yoshida et al. (2009) have shown
that hypoxic conditions significantly improve generation of iPSC [139]. Growing knowledge
of cancer stem cell biology suggests that hypoxia may act as a critical regulator of the cancer
stem cell phenotype.
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Series of experiments have demonstrated that hypoxia is responsible for altering the cellular
phenotype by causing an increase in proliferation, self-renewal and upregulation of stem cell
genes in both CSC and non-CSC. Several groups have shown that hypoxia can regulate histone
methylation and thus alter the epigenetic status of cancer cells [140-142]. Tumor hypoxia also
correlates with poor outcome of patients. HIFs were shown to induce the embryonal stem cell-
like transcriptional program, including OCT4, NANOG, SOX2, KLF4, MYC, and micro‐
RNA-302 in cancer cell lines of prostate, brain, kidney, cervix, lung, colon, liver and breast
tumors [143]. Hypoxic microenvironment potentiates biological effect of Notch signaling in
adenocarcinoma of the lung or alters gene expression of neuroblastoma cells to induce more
immature phenotype [144, 145]. CD133, a cancer stem cell marker, has been reported by several
groups to be upregulated under hypoxic conditions [146, 147]. McCord et al. [2009] showed
that hypoxia not only increased the sub-population of glioblastoma cells positive for CD133,
but also enhanced expression of other stem cell markers, such as SOX2, OCT4 and nestin [148].
Low oxygen levels induced also HIF-2α expression that can increase the expression of stem
cell-associated genes and confer tumorigenic potential to non-CSC [140].

The BM microenvironment of MM is also hypoxic, and myeloma PCs are long term exposed
to low oxygen levels. Tumor adaptation to hypoxia is mediated by the production of HIF-1
[149]. Both HIF-1α and HIF-2α have been reported to be activated in MM patients resulting in
stimulation of angiogenesis [150]. Although a role of BM microenvironment is generally
recognized as a crucial factor affecting myeloma development and support progression, it is
surprising that an importance of hypoxic microenvironment for modulation of plasma cell
phenotype have never been studied in MM.

7. Conclusion

Despite the achievements of currently used therapy, MM remains difficult to treat. Novel
agents such as inhibitors of proteasome or immunomodulatory drugs have prolonged survival
of patients with MM and even some patients persist in long term remission. However, there
is a little known about mechanisms of myeloma development or the population responsible
for the origin and relapse of the disease. Many scientists have tried to explain causes of the
relapse but none of their theories have been conclusively confirmed so far. In this review, we
explain inconsistencies among particular concepts and the inability to detect cells of origin by
the plasticity potential of myeloma PCs. Plasticity of myeloma PCs might be a cause of vast
phenotypic heterogeneity of MM and different characteristics of putative myeloma precursors.
Under specific signals from aberrant microenvironments, PCs might undergo dedifferentia‐
tion/transdifferentiation changing their phenotype profile, and acquire stem cell-like proper‐
ties to ensure survival. Therefore, an effort to target the specific cell type based only on surface
markers is not sufficient. Instead, it is necessary to concentrate on pathologic mechanisms
responsible for the transition from non-CSC to CSC like cells. Additional focus on adjacent
microenvironments and specific prevention of stem cell-like conversion might increase success
of future therapy.
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1. Introduction

Clonal plasma cell disorders (PCD) including mostly monoclonal gammopathy of undeter‐
mined significance (MGUS) and multiple myeloma (MM) are characterised by expansion of
abnormal (clonal) plasma cells (PCs) producing monoclonal protein (M-protein, MIG).
Although multiparametric flow cytometry (MFC) allows identification and characterisation of
these neoplastic PCs, this approach is used in routine diagnostics of monoclonal gammopathies
(MGs) complementarily, mostly in unusual cases [4-6]. The technological development of flow
cytometry (FC) in connection with new findings reveal the need for MFC in clinical analysis
of MGs. The main applications of immunophenotypisation in MGs are (1) differential diag‐
nosis, (2) determining the risk of progression in MGUS and asymptomatic MM (aMM), (3)
detection of minimal residual disease in treated patients with MM, and (4) analysis of prog‐
nostic and/or predictive markers. MFC is also very useful also for research analyses focused
on different aspects of B and plasma cell (PC) pathophysiology in term of MG development
as well as in looking for potential myeloma-initiating cells. MFC thus should be included as a
routine assay in monoclonal gammopathy patients. Clinical significance, usefulness and
examples of MFC analyses in MGs are reviewed in this chapter.

2. Flow Cytometry in MGs — Past, present and future

The basic principle of flow cytometry has not changed from the past, it is used for identification
of cell subtypes according to their functional and structural properties. Flow cytometers are
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usually equipped with 2-3 lasers allowing excitation of 6 or more standard fluorochromes and
the term multiparametric and/or polychromatic flow cytometry is used for this approach [7].
The classical immunophenotypisation identifies cells based on their size and granularity/
complexity as well as by the "visualization" of antigen-antibody binding. More than 360
antigens are currently known and commercial monoclonal antibodies conjugated with
different fluorochromes are widely available.

Flow cytometry has been used in diagnostics of MM since 90th years of the 20th century. Mostly
ploidy and proliferative characteristics were analysed, but also the combination of DNA
analysis with cytoplasmic immunoglobulin detection was done [8-10]. Discovery of new
monoclonal antibodies (MoAb) against PCs helped in the development of immunophenotyp‐
isation in MGs [11,12].

It is well known that MFC underestimate the number of PCs when compared to routine
morphological evaluation. However, the sensitivity of MFC is similar to light microscopy,
results obtained using both approaches correlate and the percentage of PCs provided by MFC
is also an independent prognostic factor affecting the overall survival of patients [13]. MFC is
precise in detecting even a small number of PCs and together with analysis of expression of
selected markers, normal and abnormal PCs could be easily discriminated [4]. So MFC is
helpful method for clinical analyses of MGs.

Development of flow cytometry, including powerful instruments with the possibility to
analyze many fluorochromes, availability of new dyes and antibodies, together with accessible
specific software for complex phenotype analysis, require reviewing of current settings in MG
analyses. The shift towards polychromatic analyses should be associated with standardisation
and validation of this method as it is necessary to be consistent in providing analyses and
reporting results. Recently, the European Myeloma Network (EMN) started to use the
Euroflow settings which led to the development of a uniform protocol for the analysis of
biological material of MG cases [14].

3. Development and differentiation of B cells as PC precursors

B cells and PCs as their terminally differentiated stage play an essential role in humoral
immune response. The antigen-dependent phase of B cell differentiation has been extensively
studied for many years. Mature naive B cell (CD19+CD38+/-CD20+CD27-IgM+IgD+) pass from
the circulation into lymph nodes. Recognition of antigen presented on a follicular dendritic
cell together with a costimulatory signal from a specific T lymphocyte causes B cell activation
[15,16]. The activated B cell either migrates to extrafolicullar areas where it differentiates into
a short term plasma cell or moves into a lymphoid follicle to establish a germinal centre (GC)
[17,18]. Massive proliferation of B cell, somatic hypermutation of variable region of Ig chains,
isotype switch and subsequent affinity maturation occur in GC [19,20,18,16]. The aim of these
processes is to generate B cells able to bind the appropriate antigen with a high affinity. Part
of these cells then differentiate into plasmablasts (CD19+CD38++CD20- CD138-CD27+) migrating
into the bone marrow where they mature into long-lived PCs (CD38+CD138+) producing high-
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affinity antibodies. The second group differentiate into long-lived memory B cells
(CD19+CD38+/-CD20+CD27+IgM-/+IgD-/+) [21-23]. Besides these GC derived memory B cells also
exist memory B cells lacking their typical marker CD27 (CD19+CD38+/-CD20+CD27-IgM+/-IgD-)
[24], which likely arise independently from the germinal center reaction [25].

Different maturation stages of B cells give a rise to a variety of B cell lymphoproliferations
including post-germinal centre (post-GC) neoplasms [26-28]. Knowledge of B and PC pheno‐
type is thus important for determination of PCD diagnosis and its discrimination from other
haematological malignancies (Fig 1).

Figure 1. Coexistence of B-CLL and MM. Clone of B-CLL is represented by CD19+CD38-CD138- B cells (turquoise dots)
with cytoplasmic κ expression; clone of myeloma cells (red dots) are typical CD38+CD138+CD56+ PCs with cytoplasmic λ
expression.

4. Identification and immunophenotype of PCs

Syndecan-1 (CD138) is a specific marker of PCs expressed on the surface of both, normal and
malignant PCs from their early stages [29]. Expression of CD138 is usually missing and/or is
not very intensive on circulating PCs and/or plasmablasts in peripheral blood as well as on
immature PCs and/or lymphoplasmacytic cells in bone marrow. Another important marker is
CD38, a non-specific marker, whose bright expression (brighter on normal than on abnormal
PCs) was used to identify PCs for a long time period. Together with CD138 helps in precise
identification of PCs. An important marker for pathological PCs identification is also CD45
which is usually missing on PCs. These surface antigens are still used in analyses, but adding
of other antigens is necessary [30,31].

Mostly terminally differentiated clonal CD38++CD138+CD45- PCs are available in MM bone
marrow. Relative number of PCs (determined by morphology and/or flow cytometry)
corresponds to type of MG, although results could be distorted by dilution of aspirated bone
marrow with peripheral blood. Lower amount of PCs is characteristic for MGUS, aMM
and/or amyloidosis, on the other hand higher PC infiltration occurs in MM. There is no
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not very intensive on circulating PCs and/or plasmablasts in peripheral blood as well as on
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PCs) was used to identify PCs for a long time period. Together with CD138 helps in precise
identification of PCs. An important marker for pathological PCs identification is also CD45
which is usually missing on PCs. These surface antigens are still used in analyses, but adding
of other antigens is necessary [30,31].

Mostly terminally differentiated clonal CD38++CD138+CD45- PCs are available in MM bone
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possibility to determine PC “abnormality” in low-infiltrated cases without detailed phenotype
study (Fig 2). There are also circulating pathological PCs in peripheral blood of some myeloma
patients, which have usually the same phenotype as bone marrow PCs (mostly CD56-) [32].

Increased absolute (>2x109/l) and/or relative (>20% of leukocytes) count of peripheral PCs
serve as diagnostic criterion of plasma cell leukaemia (PCL). Primary PCL originates de novo,
but secondary PCL occurs in patients with relapsed/refractory myeloma [33]. Primary PCL
is a distinct clinic-pathological entity with different cytogenetic and molecular findings. The
clinical course is aggressive with short remissions and survival duration [34].

Mixture of lymphoplasmacytic cell (LPC) subpopulations with different maturity status
(from B cells CD19+CD20+CD38-CD138- to PCs CD19+CD20+/-CD38+++CD138+) is characteristic
for Waldenström macroglobulinemia (WM), where abnormal LPCs multiply out of control
and produce large amounts of IgM protein [35]. It is supposed that every MM is precede
mostly by non-IgM MGUS, however Waldeström macroglobulinemia and/or B-CLL proba‐
bly arise from IgM MGUS or monoclonal B cell lymphocytosis (MBL) [36,37].

Figure 2. Mixture of polyclonal CD19+ (blue dots) and clonal CD56+/- PCs (violet dots). Heterogeneous expression
of CD56 and nestin, positivity for CD45, negativity for CD27 and CD81 was found in clonal CD38+CD138+ PCs.

Clinically important and necessary antigens allowing discrimination of abnormal from normal
PCs are known and listed in Table 1 [4]. Similar antigens were used in Euroflow settings (Table
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2) [38]. Detailed information about diagnostic and prognostic value of some interesting

markers is mentioned in Table 3. Also other markers should be more and/or less expressed by

PCs, mostly without clinical relevance.

Antigen Normal expression
Abnormal

expression

Patients with

abnormal

expression (%)

Requirement for

diagnostics and

monitoring

CD19 Positive (>70%) negative 95% necessary

CD56 Negative (<15%) strongly positive 75% necessary

CD117 Negative (0%) positive 30% recommended

CD20 Negative (0%) positive 30% recommended

CD28 Weak Positivity (<15%) strongly positive 15-45% recommended

CD27 Strong Positivity (100%) weak/negative 40-50% recommended

Table 1. List of surface antigens useful for detection of normal and abnormal CD38+CD138+ PCs in MGs [4].

Tube/

fluorochrom

Pacific

Blue

Pacific

Orange
FITC PE

PerCP-

Cy5.5
PE-Cy7 APC APC-H7

1 CD45 CD138 CD38 CD28 CD27 CD19 CD117 CD81

2 CD45 CD138 CD38 CD28 CD56 β2m cIgκ cIgλ

Table 2. EuroFlow PCD classification panel. Tube No.1 is useful for phenotype characterization of PCs and
evaluation markers with potential prognostic significance, tube No.2 is used for detection and discrimination of
normal PCs from aberrant and clonal PCs [38].
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Cluster

Designation

Normal distribution

and functions

Expression in plasma cells

of pre-malignant (MGUS)

and malignant stage of

myeloma

Diagnostic or prognostic

significance

References

CD19 Expressed in all stages

of B cells ranging from

pro-B cells to PCs

MGUS – normal PCs express

CD19 whereas malignant

PCs do not

MM – only negative or dim

CD19 expression on PCs

Facilitate as an identification

marker of malignant and

physiological PCs in

combination with CD56.

Patients with "/>5% of normal

PCs (CD19+CD56-) had better

PFS and OS compared to

patients with ≤ 5% of normal

PCs. Similarly, presence of

"/>5% normal PCs or <95% of

malignant PCs in MGUS and

asymptomatic MM (AMM/

SMM) predicted better PFS

compared to patients with ≤

5% normal PCs or ≥ 95% of

malignant PCS.

[39-41]

CD20 Expressed during

maturation process of B

cells and mostly absent

on PCs

Only few patients express

CD20 on their PCs (< one

third of patients)

Associated with poor

prognosis

[41-43]

CD27 Helps in differentiation

of B cells into PCs

MGUS - consistent

expression on PCs

MM- expression is

heterogeneous and intensity

of expression is lower

compared to MGUS

Lack of CD27 expression

associated with shorter PFS

and OS

[44,45]

CD28 T cell activation MGUS– only very few cases

express CD28

MM– CD28 expressing PC

represents aggressive

phenotype and associates

always with tumour

expansion

Combination of CD28 and

CD117 markers identified

three groups of patients with

different risk. Patients with

CD28-CD117+ PCs (good risk

group) had better PFS and OS

compared to patients with

CD28+CD117- PCs (poor risk)

and patients with CD28-

CD117- or CD28+CD117+ PCs

(intermediate risk)

[46]

CD33 Myeloid and monocytic

cells

A very few MM cases

express CD33 on the surface

of PCs

CD33 expression associated

with poor OS and higher

mortality rate

[47]
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Cluster

Designation

Normal distribution

and functions

Expression in plasma cells

of pre-malignant (MGUS)

and malignant stage of

myeloma

Diagnostic or prognostic

significance

References

CD45 CD45 is a leukocyte

common antigen and

aids in activation and

signaling processes of B

and T cells

MGUS - heterogeneous

distribution of CD45+

normal and CD45- abnormal

PCs in bone marrow

MM - mostly CD45 negative

CD45 expression

demonstrates proliferating

compartment of normal,

reactive and malignant PCs;

immature PCs should be

CD45+ as well

Patients with CD45 positive

expression had better OS than

patients with CD45 negative

expression

[48-50]

CD56 NK and NKT cells One of the most valuable

markers to define the

abnormal phenotype of PCs

in PC proliferative disorders

including myeloma. Loss of

CD56 expression always

associated with aggressive

phenotype of myeloma cells.

Lack of CD56 expression can

be frequently found in

patients with circulating PCs

and extramedullary

myeloma.

Possess substantial diagnostic

value in PC disorders when

combined with CD19 marker.

Patients with CD56 negative

expression on PCs found to

have reduced OS compared to

patients with CD56 positive

expression. Also, CD56

negative myeloma cases

strongly associated with

adverse biological parameters.

[30,51-53]

CD81 Expressed on B cells

including PCs and

regulates CD19

expression

Less than 50% of MM cases

express CD81 on PCs and

expression is heterogeneous

in most of the cases (ranging

from 5%-92%)

Patients with CD81 expression

on myeloma cells had inferior

prognostic outcome (PFS and

OS) compared to patients with

CD81 negative expression

[54]

CD117 Progenitors of myeloid,

erythroid and

megakaryocytic lineage;

mast cells

MGUS- 50% of cases express

CD117

MM- only one third of

myeloma cases express

CD117

CD117 expression on PCs

predicted better outcome in

MM patients. Combination of

CD117 and CD28 markers

delineated MM patients with

different risks; CD117

expression is associated with

an altered maturation of the

myeloid and lymphoid

hematopoietic cell

compartments and favorable

disease features

[46,55-57]
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Cluster

Designation

Normal distribution

and functions

Expression in plasma cells

of pre-malignant (MGUS)

and malignant stage of

myeloma

Diagnostic or prognostic

significance

References

CD138 Plasma cells Both normal and malignant

PCs from MGUS and MM

cases express CD138 but the

expression of CD38 marker

is lower in malignant PCs

Universal marker of PCs and

provides basis to quantify or to

assess disease burden in PC

proliferative disorders

[30]

CD200 Member of

immunoglobulin

superfamily and

expressed on

endothelial cells,

neurons, B cells and a

subset of T cells

MM - more than 70% of

cases do express CD200

MM - more than 70% of cases

do express CD200

Absence of CD200

expression on

myeloma cells

associated with

better PFS

[58,

59]

CD221 (insulin

like growth

factor-1

receptor)

Tyrosine kinase receptor

family, expressed widely

on all types of cells

MM - more than 70% and

85% of medullary and

extramedullary cases

express CD221 on the

surface of PCs, respectively

Patients with CD221

expression had worse

prognosis and CD221+ PCs

were associated with adverse

cytogenetic abnormalities

[55,60]

CD229 Signaling lymphocytic

activation molecules

(SLAM) family member

MM- consistent expression

on PCs

Might represent an attractive

diagnostic and therapeutic

target for MM

[61]

nestin Protein of class VI

intermediate filaments,

marker of multipotent

proliferative precursors

found in some

embryonic and fetal

tissues

MGUS - less than 30%

express nestin; MM - more

than 45% and 80% of

medullary and

extramedullary myeloma

cases express nestin in the

cytoplasma of PCs,

respectively

Patients with nestin expression

should have higher risk to

develop extramedullary type of

MM

[62]

Table 3. Myeloma cell specific antigens and their diagnostic and prognostic values. Abbreviations: PFS - progression
free survival, OS - overall survival

5. Abnormality vs. clonality of PCs

The most useful antigens allowing basic orientation in context of PC normality are CD19 and
CD56 which can allow relatively easy discrimination of immunophenotypically normal
(CD19+CD56-) from immunophenotypically aberrant (CD19-CD56+) PCs [63-65]. As was
verified by cytoplasmic analysis of immunoglobulin light chains kappa and lambda, this
discrimination should be used just for orientation and does not have to correspond to a real
number of polyclonal and clonal PCs, especially in unusual cases and/or time after treatment.
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Thus polychromatic FC (minimum of 6 markers, but usually 8 markers) is required for
sufficient PC analysis and combination of surface and intracellular antigens is necessary for
identification and clonality assessment of PCs [66-68]. Only a limited number of cases requires
more than 8 markers to detect a small clonal subpopulation of PCs on the prevailing back‐
ground of polyclonal PCs. Use of marker with a known aberrant expression on analysed PCs
(CD28, CD117 etc.) could help in precise identification of clonal PCs. Marker CD27 should be
useful as loss of this antigen should reveal clonal PCs (Fig 3). Together with analysis of a
sufficient number of PCs, the sensitivity of polychromatic FC should reach the sensitivity of
the PCR approach [5,67].

6. Clinical application of flow cytometry in MGs

FC should be used not only for assessment of PCs in peripheral blood (PB) and/or bone marrow
(BM), but in simultaneous analysis of 8 markers on a single cell could identify the type of PCs
that has clinical and predictive value.

6.1. Differential diagnostics

Identification and enumeration of PCs is as important as discrimination between normal
polyclonal PCs in reactive plasmocytosis and clonal PCs in plasma cell disorders (MGUS, MM,
PCL, extramedullary plasmocytoma) [4]. It was found that BM of MGUS cases contained a
mixture of polyclonal PCs with normal phenotype and clonal PCs with aberrant phenotype,
on the other hand there is a majority of clonal PCs in MM [63,65]. Presence of more than 5%
normal PCs in BM should be used as a cut-off value for differentiation between MGUS and
MM [40]. Surprisingly there were found symptomatic MM patients with more than 5% normal
PCs in BM, these should be signed as “MGUS-like MM” and have a low incidence of high-risk
cytogenetic abnormalities with a longer progression-free survival and longer overall survival
as well [39]. There are clonal non-myelomatous PCs present in Waldenström macroglobuli‐
nemia (WM) so careful PC analysis should be done in these patients especially when they have
low number of PCs [35]. Discrimination of myelomatous from non-myelomatous PCs then
should help in determination of other lymphoproliferations [28].

6.2. Determination of the progression risk in MGUS and MM

Conventional parameters related to the higher risk of progression of MGUS into MM are
monoclonal Ig level (MIG) > 15 g/l and non-IgG isotype of MIG. Even so, a new parameter is
serum free light chain (FLC) ratio. These parameters were used for risk stratification model
[69]. Simultaneously evolving and non-evolving theory of MGUS type, based on evolutionary
pattern of MIG (increasing vs. stable) was published [70]. Mentioned parameters are important
in patient monitoring for decades, but FC approach based on pathological PCs enumeration
is quicker with a better predictive value [40]. Finding ≥95 % pathological PCs (from all PCs) is
an independent parameter with a predictive value, in term of risk of progression MGUS and/
or a MM into symptomatic form. When compared FC results with a parameter describing
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assess disease burden in PC

proliferative disorders

[30]

CD200 Member of

immunoglobulin

superfamily and

expressed on

endothelial cells,

neurons, B cells and a

subset of T cells

MM - more than 70% of

cases do express CD200

MM - more than 70% of cases

do express CD200

Absence of CD200

expression on

myeloma cells

associated with

better PFS

[58,

59]

CD221 (insulin

like growth

factor-1

receptor)

Tyrosine kinase receptor

family, expressed widely

on all types of cells

MM - more than 70% and

85% of medullary and

extramedullary cases

express CD221 on the

surface of PCs, respectively

Patients with CD221

expression had worse

prognosis and CD221+ PCs

were associated with adverse

cytogenetic abnormalities

[55,60]

CD229 Signaling lymphocytic

activation molecules

(SLAM) family member

MM- consistent expression

on PCs

Might represent an attractive

diagnostic and therapeutic

target for MM

[61]

nestin Protein of class VI

intermediate filaments,

marker of multipotent

proliferative precursors

found in some

embryonic and fetal

tissues

MGUS - less than 30%

express nestin; MM - more

than 45% and 80% of

medullary and

extramedullary myeloma

cases express nestin in the

cytoplasma of PCs,

respectively

Patients with nestin expression

should have higher risk to

develop extramedullary type of

MM

[62]

Table 3. Myeloma cell specific antigens and their diagnostic and prognostic values. Abbreviations: PFS - progression
free survival, OS - overall survival

5. Abnormality vs. clonality of PCs

The most useful antigens allowing basic orientation in context of PC normality are CD19 and
CD56 which can allow relatively easy discrimination of immunophenotypically normal
(CD19+CD56-) from immunophenotypically aberrant (CD19-CD56+) PCs [63-65]. As was
verified by cytoplasmic analysis of immunoglobulin light chains kappa and lambda, this
discrimination should be used just for orientation and does not have to correspond to a real
number of polyclonal and clonal PCs, especially in unusual cases and/or time after treatment.
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Thus polychromatic FC (minimum of 6 markers, but usually 8 markers) is required for
sufficient PC analysis and combination of surface and intracellular antigens is necessary for
identification and clonality assessment of PCs [66-68]. Only a limited number of cases requires
more than 8 markers to detect a small clonal subpopulation of PCs on the prevailing back‐
ground of polyclonal PCs. Use of marker with a known aberrant expression on analysed PCs
(CD28, CD117 etc.) could help in precise identification of clonal PCs. Marker CD27 should be
useful as loss of this antigen should reveal clonal PCs (Fig 3). Together with analysis of a
sufficient number of PCs, the sensitivity of polychromatic FC should reach the sensitivity of
the PCR approach [5,67].

6. Clinical application of flow cytometry in MGs

FC should be used not only for assessment of PCs in peripheral blood (PB) and/or bone marrow
(BM), but in simultaneous analysis of 8 markers on a single cell could identify the type of PCs
that has clinical and predictive value.

6.1. Differential diagnostics

Identification and enumeration of PCs is as important as discrimination between normal
polyclonal PCs in reactive plasmocytosis and clonal PCs in plasma cell disorders (MGUS, MM,
PCL, extramedullary plasmocytoma) [4]. It was found that BM of MGUS cases contained a
mixture of polyclonal PCs with normal phenotype and clonal PCs with aberrant phenotype,
on the other hand there is a majority of clonal PCs in MM [63,65]. Presence of more than 5%
normal PCs in BM should be used as a cut-off value for differentiation between MGUS and
MM [40]. Surprisingly there were found symptomatic MM patients with more than 5% normal
PCs in BM, these should be signed as “MGUS-like MM” and have a low incidence of high-risk
cytogenetic abnormalities with a longer progression-free survival and longer overall survival
as well [39]. There are clonal non-myelomatous PCs present in Waldenström macroglobuli‐
nemia (WM) so careful PC analysis should be done in these patients especially when they have
low number of PCs [35]. Discrimination of myelomatous from non-myelomatous PCs then
should help in determination of other lymphoproliferations [28].

6.2. Determination of the progression risk in MGUS and MM

Conventional parameters related to the higher risk of progression of MGUS into MM are
monoclonal Ig level (MIG) > 15 g/l and non-IgG isotype of MIG. Even so, a new parameter is
serum free light chain (FLC) ratio. These parameters were used for risk stratification model
[69]. Simultaneously evolving and non-evolving theory of MGUS type, based on evolutionary
pattern of MIG (increasing vs. stable) was published [70]. Mentioned parameters are important
in patient monitoring for decades, but FC approach based on pathological PCs enumeration
is quicker with a better predictive value [40]. Finding ≥95 % pathological PCs (from all PCs) is
an independent parameter with a predictive value, in term of risk of progression MGUS and/
or a MM into symptomatic form. When compared FC results with a parameter describing
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evolution of monoclonal component, the risk of progression was better described by immu‐
nophenotypisation [71]. Multiparametric FC is thus capable to distinguish patients which need
more frequent monitoring and which need to start treatment earlier than usual. There is still
not any marker allowing discrimination between benign MGUS and its malignant form at this
moment.

6.3. Prognostic markers in MGs

Determination of immunophenotype should be used not only for discrimination of normal
and pathological PCs, but it has also prognostic value. The loss of CD56 (neural cell adhesion
molecule, NCAM) should be joined with extramedullary spread [72]. An association between
the phenotype profile and cytogenetic abnormalities was found. Expression of CD19 and CD28
and/or absence of the CD117 on pathological PCs are joined with significantly shorter time
without progression and overall survival in transplanted patients [46]. Expression of CD28
correlated with t(14;16) and del(17p), on the other hand no presence of CD117 was joined with
t(4;14) and del(13q). The analysis combining both CD28 and CD117 was able to divide patients
into 3 risk groups with different time without progression and overall survival. The correlation
of CD117 expression with hyperdiploidy was found as well [73]. The expression of CD117 on
PCs is associated with changes in production of haematopoietic stem cells from BM, lead to a
decreasing number of neutrophils in PB and the presence of normal PCs in BM [57]. Recently,
a rare MM case was described with PCs phenotype: CD19+CD56-

CD20+CD22+CD28+CD33+CD117+HLA-DR+. Moreover, the cytogenetic analysis of this case
revealed a hyperdiploid karyotype and no rearrangement of the IgH gene or deletion of 13q14
[74]. The very important genetic change in MM is loss of the gene for CD27 which is linked
with clinically aggressive disease, but in about 50% of MM is expression of CD27 preserved
and these patients have better prognosis [44]. Probably the best prognostic information until
now serves a combination of two independent parameters: the presence of high-risk cytoge‐
netics by FISH and persistent minimal residual disease evaluated by multiparameter flow
cytometry at day +100 after autologous transplantation. These two parameters were able to
identify patients in complete remission at risk of early progression [75]. The important thing
is that these two methods are available in most hospitals taking care of patients with haema‐
tological malignancies.

6.4. Minimal residual disease analysis

It is known that conventional parameters (% PCs, MIG level) are not sensitive enough for
analysis of treatment response in MM patients. As FC is applicable up to 80-90% of patients,
this  method is  able  to  reach the sensitivity  of  allelic-specific  oligonucleotide (ASO)-PCR
(sensitivity 10-4 for FC vs. 10-5 for PCR) and is less time and monetary consuming as well.
Hence FC looks as  the optimal  method for  minimal  residual  disease (MRD) assessment
after any treatment [76,77]. The advantage of FC in MRD analysis is the versatility of used
markers  allowing assessment  of  normal  and abnormal  PCs  (CD19/CD56),  removing the
need to know the original phenotype of PCs before treatment. MRD negativity proved by
FC  (detection  <10-4  myeloma  PC  within  all  nucleated  cells)  was  more  informative  then
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positive  immunofixation  (IF)  after  autologous  transplantation  (regarding  to  time  to
progression and overall  survival),  so  FC is  sufficiently  sensitive  method and should be
used for routine MRD analysis [78].

6.4.1 Better definition of complete remission

Using new treatment protocols led The International Myeloma Working Group (IMWG) to re-
view treatment response criteria. There was included also FC analysis in the assessment of
stringent complete response (sCR), more precisely the absence of phenotypically aberrant PCs
in 3000 PC analysed by multiparametric FC (≥ 4 colours) [79]. Criteria of MRD level assessment
are changing nowadays as newer more efficient treatment protocols are available and FC has
technically developed. When used flow cytometry for confirmation of (s)CR, the new term
„immunophenotype remission (iCR)” - a state without presence of any clonal PCs should be
used [79, 80]. The evidence suggests that the 4-colour FC is not sufficiently sensitive for
confirmation of iCR and standardized polychromatic flow cytometry is the best approach (Fig
3).

7. Conclusion

Flow cytometry analysis was performed only in a limited number of subjects with monoclonal
gammopathies in the late 1990’s and early 2000’s. During the past decade and present, many
analyses showed importance of MFC in differential diagnostics and monitoring (management)
of plasma cell diseases. The MFC has developed significantly and with better understanding
of PC pathophysiology is the mandatory diagnostic tool which should be included as a routine
assay in monoclonal gammopathy patients.
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1. Introduction

Monoclonal gammopathy of undetermined significance (MGUS) is an asymptomatic plasma
cell dyscrasia, present in 3.2% of white people over 50 years of age [1], which converts to
multiple myeloma (MM) or related disorders at a rate of just 1% a year [2], an incurable
malignancy of plasma cells. While MM is the prototypical monoclonal gammopathy, the most
common is MGUS [3].

Monoclonal  gammopathies are a  heterogeneous group of  disorders characterized by the
stable or progressive proliferation of an abnormal clone of plasma cells that continue pro‐
ducing antibodies [4]. But because these immunoglobulin proteins are abnormal and mon‐
oclonal  (identical  copies  of  each  other),  these  offer  no  protection  against  infections  and
can damage the kidney. This monoclonal immunoglobulin is called M-protein. Each basic
unit  is  a  monomeric  immunoglobulin  consisting of  two heavy chains  of  the  same class
and subclass and two light chains of the same type. The heavy chain classes are G, A, M,
D, E (gamma,  alpha,  mu,  delta,  epsilon),  while  the light  chain types are  kappa (κ)  and
lambda (λ).

Monoclonal gammopathies are recognized on serum protein electrophoresis demonstrating a
band of migration in the beta or gamma region [5]. When a band is seen on serum protein
electrophoresis, immunofixation electrophoresis should be performed. Immunofixation
electrophoresis is the gold standard and should be performed to confirm the presence of an
M-protein and to distinguish its heavy chain and light chain type [6].

In 1952, Waldeström [7] initially reported finding an M-protein without evidence of malignant
disorder, and named the condition “essential hypergammaglobulinemia”. For some time, this
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and subclass and two light chains of the same type. The heavy chain classes are G, A, M,
D, E (gamma,  alpha,  mu,  delta,  epsilon),  while  the light  chain types are  kappa (κ)  and
lambda (λ).

Monoclonal gammopathies are recognized on serum protein electrophoresis demonstrating a
band of migration in the beta or gamma region [5]. When a band is seen on serum protein
electrophoresis, immunofixation electrophoresis should be performed. Immunofixation
electrophoresis is the gold standard and should be performed to confirm the presence of an
M-protein and to distinguish its heavy chain and light chain type [6].

In 1952, Waldeström [7] initially reported finding an M-protein without evidence of malignant
disorder, and named the condition “essential hypergammaglobulinemia”. For some time, this
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condition was also referred to as “benign monoclonal gammopathy”. However, Kyle recog‐
nized that some patients with MGUS could progress to MM, Waldeström macroglobulinemia,
light chain amyloidosis, or related disorders. Thus, Kyle coined the term MGUS in 1978 [8]. In
2003, MGUS is defined by serum M-protein concentration less than 3 g/dL, the bone marrow
clonal plasma cell less than 10%, with no evidence of other B-cell proliferation disorders [9].

The objective of this chapter is to describe new concepts and advances concerning the diag‐
nosis, classification, management of patient, risk factors for malignant transformation and new
preventive strategies of progression of MGUS to malignant conditions.

2. Prevalence

As mentioned above, MGUS is the most common plasma cell disorders and is a potential
precursor of MM. At the Mayo Clinic during 2005, 51% of patients with a monoclonal gamm‐
opathy (n=1,510) had MGUS, 18% MM, 11% amyloidosis, 3% Waldeström macroglobulinemia
and 17% other diseases [3].

In 1972, Kyle et al [10] collected serum from 1,200 residents (≥50 y) of Thief River Falls of
Minnesota; M-proteins were detected in 15 people, 1.7% men and 0.9% women of the surveyed
population (Table 1). In 2006, Kyle et al [1] reported variability in the prevalence of MGUS
from a normal population in community practice [11, 12] or in hospitals; data was obtained
from studies carried out between 1963 and 2002. It is suggested that this variability might be
due to that some studies lacked a geographically defined population in which testing could
be performed during a specified period, and that screening methods used in many previous
studies are less sensitive than current techniques. To overcome these limitations, Kyle et al [1]
used sensitive laboratory procedures to determine the prevalence of MGUS in a large popu‐
lation (n=21,463) in a well-defined geographic area (Table 1): sample of persons aged ≥50 years
residing in Olmsted Country (Minnesota, USA). MGUS was found in 3.2% of people in their
5th decade, 5.3% in their 7th decade and 7.5% in over 85 years old (350/9469 men and 344/11,994
women) [1]. Axelsson et al [13] also reported that MGUS is more prevalent in men (1.9%) than
in women (1.3%).

The incidence in the population aged 70 years reaches 3% in Caucasian population [4] and
0.7% in Mexican mestizos [14]. The prevalence of MGUS in African Americans was 3-fold
higher than in white male veterans, among 4 million African American and white male
veterans admitted to Veterans Affairs, between 1980 and 1996 [15] (Table 1). The age-adjusted
prevalence of MGUS was 1.97-fold higher in Ghanaian men compared with white men (50-74
y) [16]. Later, they reported the risk of MGUS between white and black male United States
veterans could be associated with prior autoimmune, infectious, inflammatory, and allergic
disorders; they concluded that various types of immune-mediated conditions might act as
triggers for MM/MGUS development [17]. Recently, a disparity in the prevalence, pathogen‐
esis and progression of MGUS between blacks and whites [18] has been reported.
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59%
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AGE: Agarose gel electrophoresis; CAE: Cellulose acetate electrophoresis; CP: Control prevalence; HCS-PS: Hospital
cohort study- atomic bomb survivors; HRGE: High-resolution gel electrophoresis; IFE: Immunofixation; IE: Immunoelec‐
trophoresis; KL: After scheduled tests for the Korean longitudinal study on health and aging; LHNC: Local hospital
Nagasaki City; M/F: Males/females; NA: No available; PB: Population based; PB-HNR: Population-based Heinz Nixdorf
Recall study; RCS: Retrospective cohort study; RS: Retrospective study; RS-BS: Retrospective study of date base of atomic
bomb survivors; RS-IHR: Retrospective study of inpatient hospitalization records; SH: Cross-sectional survey of healthy;
SPEP: Standard serum electrophoresis; VA: Veterans Affairs.
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condition was also referred to as “benign monoclonal gammopathy”. However, Kyle recog‐
nized that some patients with MGUS could progress to MM, Waldeström macroglobulinemia,
light chain amyloidosis, or related disorders. Thus, Kyle coined the term MGUS in 1978 [8]. In
2003, MGUS is defined by serum M-protein concentration less than 3 g/dL, the bone marrow
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The objective of this chapter is to describe new concepts and advances concerning the diag‐
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5th decade, 5.3% in their 7th decade and 7.5% in over 85 years old (350/9469 men and 344/11,994
women) [1]. Axelsson et al [13] also reported that MGUS is more prevalent in men (1.9%) than
in women (1.3%).

The incidence in the population aged 70 years reaches 3% in Caucasian population [4] and
0.7% in Mexican mestizos [14]. The prevalence of MGUS in African Americans was 3-fold
higher than in white male veterans, among 4 million African American and white male
veterans admitted to Veterans Affairs, between 1980 and 1996 [15] (Table 1). The age-adjusted
prevalence of MGUS was 1.97-fold higher in Ghanaian men compared with white men (50-74
y) [16]. Later, they reported the risk of MGUS between white and black male United States
veterans could be associated with prior autoimmune, infectious, inflammatory, and allergic
disorders; they concluded that various types of immune-mediated conditions might act as
triggers for MM/MGUS development [17]. Recently, a disparity in the prevalence, pathogen‐
esis and progression of MGUS between blacks and whites [18] has been reported.
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In 2010, Wadhera and Rajkumar [19] on the basis of a systematic review of prevalence of MGUS
selected 14 of 460 articles, which met the inclusion criteria for their review [10, 12, 15, 16, 20-22]
(Table 1). They discussed study types, method sensibility and availability to detect M-protein
and diagnostic criteria. They conclude that the prevalence increases with age and is affected
by race, sex, among other factors. Further studies of prevalence are shown in Table 1 [23-26].

One long-term research studied a population-based of 1,384 patients with MGUS from the 11
counties of southeastern Minnesota who were evaluated from 1960 to 1994 [2]. These patients
were observed for a total of 11,009 person-years. Of the identified MGUS, 115 progressed to
MM or related disorders. At 10 years, 10% had progressed; 20 years, 21% had progressed; and
at 25 years, 26% had progressed. The conclusion of these authors is that the risk of progression
is about 1% per year. In 2003, a study reported that relative risk of progression was 16-fold
higher in the patients with IgM MGUS than in the white population of the Iowa Surveillance
[27]. Furthermore, risk for progression to lymphoma or a related disorder at 10 years after the
diagnosis of MGUS was 14% with an initial M-protein concentration of 0.5 g/dL or less, 26%
with 1.5 g/dL, 34% for 2.0 g/dL, and 41% for more than 2.5 g/dL [27]. Risk factors associated
with the progression will be discussed later in this chapter.

3. Diagnosis and classification of patient with MGUS

The UK Myeloma Forum and the Nordic Myeloma Study Group have proposed guidelines
for the effective clinical investigation of patients with M-proteins and management of patients
with MGUS [28]. These guidelines are almost entirely based on expert consensus opinion. They
were searched by MEDLINE and EMBASE systematically for publications from 1950 to
October 2008. They suggest that screening normal populations for M-protein for clinical
purposes are not recommended. It was suggested that serum protein electrophoresis should
be performed if there is clinical suspicion of an M-protein or when the abnormal test results
(erythrocyte sedimentation rate >30 mm/h or plasma viscosity; unexplained anemia, hyper‐
calcemia or renal failure; raised total protein/globulin or immunoglobulins; reduction of one
or more immunoglobulin class levels).

The UK Myeloma Forum and the Nordic Myeloma Study Group guidelines specifically state
that there is no evidence supporting the use of serum free light chain in monitoring patients
[28]. By contrast, the International Myeloma Working Group members suggest that serum free
light chain analysis may be a useful adjunctive test in monitoring patients with MGUS [29-33].
The ratio of κ/λ is critical to the interpretation, because an abnormal serum free light chain
ratio should only be present in the context of a plasma cell dyscrasia with severe renal failure
or other B-cell lymphoproliferative disorders [34]. It is important to note that serum free light
chain analysis by immunoassay is much more sensitive than the serum protein electrophoresis
methodology [35].

In 2010, International Myeloma Working Group has recommended a new classification of
MGUS [36]; each type must meet all the criteria set out: Non-IgM (IgG or IgA) MGUS with
serum M-protein <3 g/dL, clonal bone marrow plasma cells <10%, absence of end-organ
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damage, such as CRAB (hypercalcemia, renal insufficiency, anemia and bone lesions); IgM
MGUS with serum M-protein <3 g/dL, clonal bone marrow lymphoplasmacytic cells <10%,
absence of end-organ damage; and light chain-MGUS with abnormal free light chain ratio <0.26
or >1.65, increased level of the appropriate involved light chain, increased κ free light chain in
patients with ratio >1.65 and increased λ free light chain in patients with ratio <0.26, no
immunoglobulin heavy chain expression on immunofixation, clonal bone marrow plasma cells
<10%, and absence of end-organ damage, such as CRAB [19, 36]. Each clinical type is charac‐
terized by unique intermediate stages and progression events. The intermediate stages with
high risk of progression are [36]: (i) smoldering MM (SMM: IgG or IgA M-protein ≥3 g/dL,
and/or clonal bone marrow plasma cells ≥10%, and absence of end-organ damage, CRAB); (ii)
smoldering Waldenström macroglobulinemia (IgM M-protein ≥3 g/dL and/or clonal bone
marrow lymphoplasmacytic infiltration ≥10%, no evidence of anemia constitutional symp‐
toms); and (iii) idiopathic Bence Jones proteinuria (urinary M-protein on urine protein
electrophoresis ≥500 mg/24 h and/or clonal bone marrow plasma cells ≥10%, no immunoglo‐
bulin heavy chain expression on immunofixation, absence of end-organ damage, CRAB).

4. Risk factors for malignant transformation of MGUS

Risk factors for transformation of MGUS to malignant condition have been analyzed in several
studies. An abnormal serum free light chain ratio (κ/λ), non-IgG MGUS, and a high serum
M protein level  (≥1.5 g/dL) are three major risk factors for the progression of MGUS to
myeloma [36].

Based on the clinical markers still available, two independent studies were able to establish
predictive risk models from MGUS to MM for each clinical type of MGUS. The first model,
proposed by a group at the Mayo Clinic identifies three main risk factors for progression: serum
M-protein >1.5 g/dL, IgG subtype and normal free light chain ratio. The probability of
progression of MGUS to malignant monoclonal gammopathy is 1% per year, with an estimated
risk of progression of 34% over 20 years [37]. At 20 years of follow-up, absolute risk of
progression for MGUS patients with 0, 1, 2, and 3 risk factors are 5%, 21%, 37%, and 58%,
respectively [29].

Immunophenotyping is an attractive technique to potentially identify high levels of malignant
plasma cells among normal plasma cells [38] and for the differential diagnosis between MGUS
and MM [39]. The second model, proposed by a Spanish group, introduces a novel prognostic
criterion for MGUS. This group has established a multiparameter flow cytometry as a tool to
identify aberrant plasma cell populations: CD38+, CD19-, CD45-, CD56+ [40]. They defined two
factors: (1) a plasma cell/normal bone marrow plasma cell ratio >95% associated with higher
risk of progression, and (2) DNA aneuploidy. Free progression survival at 5 years for MGUS
patients with 0, 1, and 2 risk factors is 2%, 10%, and 46%, respectively.

Both models present advantages and disadvantages with regard to the risk stratification of
patients with MGUS [41]. The Mayo Clinical model may be useful in routine clinical practice,
but the disadvantages of the model are its poor discrimination of the risk of progression

Monoclonal Gammopathy of Undetermined Significance
http://dx.doi.org/10.5772/56138

115
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Risk factors for transformation of MGUS to malignant condition have been analyzed in several
studies. An abnormal serum free light chain ratio (κ/λ), non-IgG MGUS, and a high serum
M protein level  (≥1.5 g/dL) are three major risk factors for the progression of MGUS to
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Based on the clinical markers still available, two independent studies were able to establish
predictive risk models from MGUS to MM for each clinical type of MGUS. The first model,
proposed by a group at the Mayo Clinic identifies three main risk factors for progression: serum
M-protein >1.5 g/dL, IgG subtype and normal free light chain ratio. The probability of
progression of MGUS to malignant monoclonal gammopathy is 1% per year, with an estimated
risk of progression of 34% over 20 years [37]. At 20 years of follow-up, absolute risk of
progression for MGUS patients with 0, 1, 2, and 3 risk factors are 5%, 21%, 37%, and 58%,
respectively [29].

Immunophenotyping is an attractive technique to potentially identify high levels of malignant
plasma cells among normal plasma cells [38] and for the differential diagnosis between MGUS
and MM [39]. The second model, proposed by a Spanish group, introduces a novel prognostic
criterion for MGUS. This group has established a multiparameter flow cytometry as a tool to
identify aberrant plasma cell populations: CD38+, CD19-, CD45-, CD56+ [40]. They defined two
factors: (1) a plasma cell/normal bone marrow plasma cell ratio >95% associated with higher
risk of progression, and (2) DNA aneuploidy. Free progression survival at 5 years for MGUS
patients with 0, 1, and 2 risk factors is 2%, 10%, and 46%, respectively.

Both models present advantages and disadvantages with regard to the risk stratification of
patients with MGUS [41]. The Mayo Clinical model may be useful in routine clinical practice,
but the disadvantages of the model are its poor discrimination of the risk of progression
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between groups. On the other hand, the Salamanca model is a superior model, in particular,
to identify a truly high-risk MGUS population; however, its main disadvantages are invasive‐
ness (it requires a bone marrow aspirate), technical complexity and high cost.

The biological events related to progression from normal plasma cells to MM precursor disease
and to MM involve many overlapping oncogenic steps that differently affect each individual
[42]. Several authors discuss the very early and partially overlapping molecular pathogenic
events that are shared by MGUS, and how they are associated to progression at the MGUS to
MM transition [43-45].

5. Cytogenetic studies on MGUS and SMM

MGUS, SMM and MM present common chromosomal abnormalities [46-49] whose prevalence
and relative association between these diagnostic groups have been controversial for years.
The development of new techniques and methodologies has helped to define new biomarkers
and elucidate the pathogenetic mechanisms of progression, characterized as a multistep
process from the precursor state to myeloma.

The first step in the pathogenesis is likely an abnormal response to antigenic stimulation,
mediated possibly by aberrant expression of toll-like receptors and overexpression of inter‐
leukin (IL) 6 receptors and IL-1β. This then results in the development of primary cytogenetic
abnormalities, either hyperdiploidy or immunoglobulin heavy chain translocations [36].
Hyperdiploid tumors, which include about 50% of MM tumors, often have multiple trisomies
involving chromosomes 3, 5, 7, 9, 11, 15, 19, and 21; also, a substantially lower prevalence of
immunoglobulin heavy chain translocations and monosomy of chromosome 13 compared
with nonhyperdiploid tumors. Trisomies of these same chromosomes also occur in premalig‐
nant MGUS tumors [47].

It has been well established that each translocation subgroup found in MM tumors is associated
with deregulation of a D group cyclin either directly, such as occurs with the t(11;14) (cyclin
D1) and t(6;14) (cyclin D3) or indirectly, such as occurs with the t(4;14) or in the MAF translo‐
cation group [47]. All these translocations have also been reported in MGUS (Table 2).

The first studies that showed structural chromosomal changes in MGUS and performed
fluorescence in situ hybridization experiments (FISH) found 14q32 and 13q14 abnormalities
[51, 52]. Subsequent studies have determined that approximately 50% of SMM show primary
translocations involving the immunoglobulin heavy chain locus leading to the dysregulation
of oncogenes including the Cyclin D, FGFR3/MMSET and MAF genes [46, 48, 53] (see Table
2). There is evidence of an immunoglobulin light chain-λ translocation in MGUS associated
with a prevalence of 10% in MGUS/SMM [53].

Ross et al [55] found that cases characterized by t(4;14), t(14;16), particularly the t(14;20), can
be stable as either MGUS or SMM for years before progression occurs. It has been shown
that t(4;14), t(14;16) and t(14;20) translocations are associated with a poor prognosis in MM
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(1,860 studied patients). The t(14;20) patients had a short median survival of only 14.4 months
[50].  It  has  been determined that  these  three  translocations  produce cyclin  D2 enhance‐
ment (Table 2).

Using interphase FISH, Chiecchio et al [50] performed a study to evaluate chromosome 13
deletion (delta 13), deletion of TP53 (17p13), ploidy status and immunoglobulin heavy chain
translocations. They found that 50% of MGUS patients carried one of the primary immuno‐
globulin heavy chain translocations and the remaining patients displayed a hyperdiploid
karyotype. Thus 72/189 (42%) MGUS, 70/127 (63%) SMM, and 223/338 (57%) of MM cases were
hyperdiploid. When the individual incidences of the specific translocations were compared,
only t(4;14) was significantly less frequent in MGUS. The authors propose that ploidy status
and immunoglobulin heavy chain rearrangements were early events delineating different
pathogenic pathways [50]. The study revealed a significantly lower frequency of delta 13 in
the pre-malignant conditions than in MM. Delta 13 was rare in MGUS (25%) and SMM (34%)
compared to MM (47%).Translocations directly involve cyclin D genes (CCND1 and CCND3)
suggesting a possible role of delta 13 in the progression of the disease, specifically in these
genetic sub-groups [50]. In MGUS, the greatest variation in the proportion of abnormal plasma
cells carrying the abnormality was seen for delta 13 and 16q23 deletion. The presence and time
of occurrence of delta 13 depend on the presence of specific concurrent abnormalities: earlier

Translocation

(Prevalence %) [References]

Group Deregulated Gene Cell Level Consequence

IgH translocated MGUS

(50%) [50]

t(11;14)(q13;q32)

(15%-25% of MGUS/SMM patients)

[50-53]

D group cyclin

Directly

CCND1 Enhance cyclin D1

(normally B-cells express

cyclin D2 and cyclin D3 but

not cyclin D1)

t(6;14)(p21;q32)

(1% of MGUS/SMM patients) [50]

D group cyclin

Directly

CCND3 Enhance cyclin D3

t(4;14)(p16;q32)

(2%-5% of MGUS patients)

(13% of SMM patients) [48, 52-54]

D group cyclin

Indirectly

FGFR-3 and MMSET Enhance cyclin D2

t(14;16)(q32;q23)

(3%-5% of MGUS/SMM patients) [53, 55]

MAF translocation

group

c-MAF upregulation Enhance cyclin D2

t(14;20)(q32;q11)

(5% of MGUS patients)

(0%-1.5% of SMM patients) [50, 55]

MAF translocation

group

MAFB upregulation Enhance cyclin D2

MGUS: Monoclonal gammopathy of undetermined significance; SMM: Smoldering multiple myeloma

Table 2. Translocations into the immunoglobulin heavy chain locus in MGUS and SMM patients

Monoclonal Gammopathy of Undetermined Significance
http://dx.doi.org/10.5772/56138

117



between groups. On the other hand, the Salamanca model is a superior model, in particular,
to identify a truly high-risk MGUS population; however, its main disadvantages are invasive‐
ness (it requires a bone marrow aspirate), technical complexity and high cost.

The biological events related to progression from normal plasma cells to MM precursor disease
and to MM involve many overlapping oncogenic steps that differently affect each individual
[42]. Several authors discuss the very early and partially overlapping molecular pathogenic
events that are shared by MGUS, and how they are associated to progression at the MGUS to
MM transition [43-45].

5. Cytogenetic studies on MGUS and SMM

MGUS, SMM and MM present common chromosomal abnormalities [46-49] whose prevalence
and relative association between these diagnostic groups have been controversial for years.
The development of new techniques and methodologies has helped to define new biomarkers
and elucidate the pathogenetic mechanisms of progression, characterized as a multistep
process from the precursor state to myeloma.

The first step in the pathogenesis is likely an abnormal response to antigenic stimulation,
mediated possibly by aberrant expression of toll-like receptors and overexpression of inter‐
leukin (IL) 6 receptors and IL-1β. This then results in the development of primary cytogenetic
abnormalities, either hyperdiploidy or immunoglobulin heavy chain translocations [36].
Hyperdiploid tumors, which include about 50% of MM tumors, often have multiple trisomies
involving chromosomes 3, 5, 7, 9, 11, 15, 19, and 21; also, a substantially lower prevalence of
immunoglobulin heavy chain translocations and monosomy of chromosome 13 compared
with nonhyperdiploid tumors. Trisomies of these same chromosomes also occur in premalig‐
nant MGUS tumors [47].

It has been well established that each translocation subgroup found in MM tumors is associated
with deregulation of a D group cyclin either directly, such as occurs with the t(11;14) (cyclin
D1) and t(6;14) (cyclin D3) or indirectly, such as occurs with the t(4;14) or in the MAF translo‐
cation group [47]. All these translocations have also been reported in MGUS (Table 2).

The first studies that showed structural chromosomal changes in MGUS and performed
fluorescence in situ hybridization experiments (FISH) found 14q32 and 13q14 abnormalities
[51, 52]. Subsequent studies have determined that approximately 50% of SMM show primary
translocations involving the immunoglobulin heavy chain locus leading to the dysregulation
of oncogenes including the Cyclin D, FGFR3/MMSET and MAF genes [46, 48, 53] (see Table
2). There is evidence of an immunoglobulin light chain-λ translocation in MGUS associated
with a prevalence of 10% in MGUS/SMM [53].

Ross et al [55] found that cases characterized by t(4;14), t(14;16), particularly the t(14;20), can
be stable as either MGUS or SMM for years before progression occurs. It has been shown
that t(4;14), t(14;16) and t(14;20) translocations are associated with a poor prognosis in MM
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(1,860 studied patients). The t(14;20) patients had a short median survival of only 14.4 months
[50].  It  has  been determined that  these  three  translocations  produce cyclin  D2 enhance‐
ment (Table 2).

Using interphase FISH, Chiecchio et al [50] performed a study to evaluate chromosome 13
deletion (delta 13), deletion of TP53 (17p13), ploidy status and immunoglobulin heavy chain
translocations. They found that 50% of MGUS patients carried one of the primary immuno‐
globulin heavy chain translocations and the remaining patients displayed a hyperdiploid
karyotype. Thus 72/189 (42%) MGUS, 70/127 (63%) SMM, and 223/338 (57%) of MM cases were
hyperdiploid. When the individual incidences of the specific translocations were compared,
only t(4;14) was significantly less frequent in MGUS. The authors propose that ploidy status
and immunoglobulin heavy chain rearrangements were early events delineating different
pathogenic pathways [50]. The study revealed a significantly lower frequency of delta 13 in
the pre-malignant conditions than in MM. Delta 13 was rare in MGUS (25%) and SMM (34%)
compared to MM (47%).Translocations directly involve cyclin D genes (CCND1 and CCND3)
suggesting a possible role of delta 13 in the progression of the disease, specifically in these
genetic sub-groups [50]. In MGUS, the greatest variation in the proportion of abnormal plasma
cells carrying the abnormality was seen for delta 13 and 16q23 deletion. The presence and time
of occurrence of delta 13 depend on the presence of specific concurrent abnormalities: earlier

Translocation

(Prevalence %) [References]

Group Deregulated Gene Cell Level Consequence

IgH translocated MGUS

(50%) [50]

t(11;14)(q13;q32)

(15%-25% of MGUS/SMM patients)

[50-53]

D group cyclin

Directly

CCND1 Enhance cyclin D1

(normally B-cells express

cyclin D2 and cyclin D3 but

not cyclin D1)

t(6;14)(p21;q32)

(1% of MGUS/SMM patients) [50]

D group cyclin

Directly

CCND3 Enhance cyclin D3

t(4;14)(p16;q32)

(2%-5% of MGUS patients)

(13% of SMM patients) [48, 52-54]

D group cyclin

Indirectly

FGFR-3 and MMSET Enhance cyclin D2

t(14;16)(q32;q23)

(3%-5% of MGUS/SMM patients) [53, 55]

MAF translocation

group

c-MAF upregulation Enhance cyclin D2

t(14;20)(q32;q11)

(5% of MGUS patients)

(0%-1.5% of SMM patients) [50, 55]

MAF translocation

group

MAFB upregulation Enhance cyclin D2

MGUS: Monoclonal gammopathy of undetermined significance; SMM: Smoldering multiple myeloma

Table 2. Translocations into the immunoglobulin heavy chain locus in MGUS and SMM patients
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when t(4;14) or t(14;16) was present, later with t(14;20), and even later with t(11;14) or
t(6;14).This data suggests a possible role of delta 13 in the transition from MGUS to MM
specifically in cases with t(11;14) or t(6;14). Chromosome 13 deletion on its own probably does
not affect prognosis [50].

We have treated previously in this chapter, that MGUS progresses to MM at annual frequency
of 1% [2], however little is known about the proportion of patients whose MM has evolved
from this precursor condition. Zhan F et al [56] developed a gene-expression profiling study
in which 52 genes differentially expressed in MGUS and MM identifying and validating a
MGUS-like MM with favorable clinical features and longer survival.

Point mutations, such as N-RAS, K-RAS, MYC up-regulation, and gain or loss of chromosome
1q or 1p, also seem to correlate with disease progression from myeloma precursor disease,
MGUS and SMM [57]. Rasmussen et al [58] found a high prevalence of activating RAS
mutations in MM (31%) compared with MGUS (5%) and suggest that these mutations may
facilitate the transition from MGUS to MM in a subset of patients. Only N-RAS mutation was
found in MGUS. At present, RAS mutations are the major genetic difference between MGUS
and MM [43].

In a case report, Chiecchio et al [59] describe the clinicopathological and genetic findings of a
young patient initially diagnosed with SMM: loss of 1p and a rearrangement of MYC were
first observed in a small population of plasma cells one year prior to the clinical diagnosis of
MM, but these subclones increased rapidly in size to become the major population suggesting
that they were directly involved in the transformation [59].

MicroRNA is a novel class of short non-coding RNA molecules regulating a wide range of
cellular functions through translational repression of their target genes. Recently, epigenetic
dysregulation of tumor-suppressor microRNA genes by promoter DNA methylation has been
implicated in human cancers, including MM [60]. It has been reported that MGUS and MM
patients seem to upregulate miR-21, miR-106b, miR-181a, and miR-181b; which are microRNA
involved in B-cell and T-cell lymphocyte differentiation as well as oncogene regulation [61].
Recently, Jones et al [62] have developed a biomarker signature using microRNAs extracted
from serum, which has potential as a diagnostic and prognostic tool for MM. The combination
of miR-1246 and miR-1308 can distinguish MGUS from myeloma patients [62].

In the progression process to malignant condition it also seems to be important the proportion
of clonal plasma cell with specific genetic abnormalities in every diagnostic group. In fact,
López-Corral et al [63] observed a significant difference in MGUS compared with SMM, and
in SMM compared with MM, suggesting that the progression from MGUS to SMM and
eventually to MM involves a clonal expansion of genetically abnormal plasma cell. This result
was found for immunoglobulin heavy chain translocations, 13q and 17p deletions, and 1q
gains. In other recent study, López-Corral et al [49] analyzed the genomic characteristics by
FISH, Single-nucleotide polymorphism arrays and gene expression profile finding that the
overexpression of four SNORD genes (SNORD25, SNORD27, SNORD30 and SNORD31) was
correlated with shorter time progression to symptomatic MM. However, they failed to find
chromosomal lesions associated to risk of progression, observing an increase in the proportion
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of clonal plasma cells carrying a given abnormality supporting the hypothesis that the number
of genetically abnormal plasma cell increases from high-risk SMM to active MM [49]. In a later
study López-Corral et al [64] have performed for the first time a comprehensive high-resolu‐
tion analysis of genomic imbalances by high-density 6.0 S SNP-array in 20 MGUS, 20 SMM
and 34 MM patients to search for the genetic lesions that may be involved in the transformation
from MGUS to MM. Their results showed a progressive increase in the incidence of copy
number abnormalities from MGUS to SMM and to MM. The study shows for the first time the
different copy number and loss of heterozygosity profiles present at three stages of monoclonal
gammopathy evolution: MGUS, SMM and MM. There were significantly more copy number
alterations in MM than in MGUS patients, values for SMM being intermediate [64].

Taking into account that the majority of MM plasma cell are quiescent, it has been suggested
that the growth of the tumor is restricted to a specialized subpopulation of cells [43]. In this
sense, the bone marrow microenvironment plays an essential role in the pathogenesis of MM.
The bone marrow microenvironment in which MGUS and MM cells live is composed of
extracellular matrix and different types of cells, e.g., stromal cells, osteoclasts, osteoblasts,
immune cells (T lymphocytes, dendritic cells), other hematopoietic, cells and their precursors,
and vascular endothelial cells. Reciprocal positive and negative interactions among these cells
are mediated by a variety of adhesion molecules, cytokines, and receptors [65]. MAF translo‐
cations dysregulate expression of a MAF transcription factor that causes increased expression
of many genes, including CCND2 and adhesion molecules that are thought to enhance the
ability of the tumor cell to interact with the bone marrow microenvironment [66].

In summary, it has been proposed that the pathogenesis of MGUS and MM can be considered
as occurring in three phases [6]. First, partially overlapping genetic events common to MGUS
and MM include at a minimum primary immunoglobulin heavy chain translocations, hyper‐
diploidy, and del13 that lead directly or indirectly to dysregulation of a CCND gene; second,
the transition from MGUS to MM is associated with increased MYC expression and sometimes
K-RAS mutations, but can also include del13 in t(11;14) tumors; third, additional progression
of the MM tumor seems to be associated with other events. For example, increased proliferation
and genomic instability, and decreased dependence on the bone marrow microenvironment,
sometimes including extramedullary spread of disease, can be associated with late MYC
rearrangements that often involve an immunoglobulin locus, activating mutations of the
nuclear factor-κB pathway, deletion or mutation of TP53, and inactivation of p18INK4c or RB
[65] (see Fig. 1).

6. Clinical management

As mentioned above, the UK Myeloma Forum and the Nordic Myeloma Study Group have
proposed guidelines for the management of MGUS [28]. They suggest that is essential that
patients should be monitored not only by laboratory testing but also clinically. Low risk
patients (serum IgG <1.5 g/dL; IgA or IgM <1.0 g/dL; normal free light chain ratio in the absence
of symptoms such as anemia or renal dysfunction) can be monitored in the primary-care setting
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when t(4;14) or t(14;16) was present, later with t(14;20), and even later with t(11;14) or
t(6;14).This data suggests a possible role of delta 13 in the transition from MGUS to MM
specifically in cases with t(11;14) or t(6;14). Chromosome 13 deletion on its own probably does
not affect prognosis [50].

We have treated previously in this chapter, that MGUS progresses to MM at annual frequency
of 1% [2], however little is known about the proportion of patients whose MM has evolved
from this precursor condition. Zhan F et al [56] developed a gene-expression profiling study
in which 52 genes differentially expressed in MGUS and MM identifying and validating a
MGUS-like MM with favorable clinical features and longer survival.

Point mutations, such as N-RAS, K-RAS, MYC up-regulation, and gain or loss of chromosome
1q or 1p, also seem to correlate with disease progression from myeloma precursor disease,
MGUS and SMM [57]. Rasmussen et al [58] found a high prevalence of activating RAS
mutations in MM (31%) compared with MGUS (5%) and suggest that these mutations may
facilitate the transition from MGUS to MM in a subset of patients. Only N-RAS mutation was
found in MGUS. At present, RAS mutations are the major genetic difference between MGUS
and MM [43].

In a case report, Chiecchio et al [59] describe the clinicopathological and genetic findings of a
young patient initially diagnosed with SMM: loss of 1p and a rearrangement of MYC were
first observed in a small population of plasma cells one year prior to the clinical diagnosis of
MM, but these subclones increased rapidly in size to become the major population suggesting
that they were directly involved in the transformation [59].

MicroRNA is a novel class of short non-coding RNA molecules regulating a wide range of
cellular functions through translational repression of their target genes. Recently, epigenetic
dysregulation of tumor-suppressor microRNA genes by promoter DNA methylation has been
implicated in human cancers, including MM [60]. It has been reported that MGUS and MM
patients seem to upregulate miR-21, miR-106b, miR-181a, and miR-181b; which are microRNA
involved in B-cell and T-cell lymphocyte differentiation as well as oncogene regulation [61].
Recently, Jones et al [62] have developed a biomarker signature using microRNAs extracted
from serum, which has potential as a diagnostic and prognostic tool for MM. The combination
of miR-1246 and miR-1308 can distinguish MGUS from myeloma patients [62].

In the progression process to malignant condition it also seems to be important the proportion
of clonal plasma cell with specific genetic abnormalities in every diagnostic group. In fact,
López-Corral et al [63] observed a significant difference in MGUS compared with SMM, and
in SMM compared with MM, suggesting that the progression from MGUS to SMM and
eventually to MM involves a clonal expansion of genetically abnormal plasma cell. This result
was found for immunoglobulin heavy chain translocations, 13q and 17p deletions, and 1q
gains. In other recent study, López-Corral et al [49] analyzed the genomic characteristics by
FISH, Single-nucleotide polymorphism arrays and gene expression profile finding that the
overexpression of four SNORD genes (SNORD25, SNORD27, SNORD30 and SNORD31) was
correlated with shorter time progression to symptomatic MM. However, they failed to find
chromosomal lesions associated to risk of progression, observing an increase in the proportion
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of clonal plasma cells carrying a given abnormality supporting the hypothesis that the number
of genetically abnormal plasma cell increases from high-risk SMM to active MM [49]. In a later
study López-Corral et al [64] have performed for the first time a comprehensive high-resolu‐
tion analysis of genomic imbalances by high-density 6.0 S SNP-array in 20 MGUS, 20 SMM
and 34 MM patients to search for the genetic lesions that may be involved in the transformation
from MGUS to MM. Their results showed a progressive increase in the incidence of copy
number abnormalities from MGUS to SMM and to MM. The study shows for the first time the
different copy number and loss of heterozygosity profiles present at three stages of monoclonal
gammopathy evolution: MGUS, SMM and MM. There were significantly more copy number
alterations in MM than in MGUS patients, values for SMM being intermediate [64].

Taking into account that the majority of MM plasma cell are quiescent, it has been suggested
that the growth of the tumor is restricted to a specialized subpopulation of cells [43]. In this
sense, the bone marrow microenvironment plays an essential role in the pathogenesis of MM.
The bone marrow microenvironment in which MGUS and MM cells live is composed of
extracellular matrix and different types of cells, e.g., stromal cells, osteoclasts, osteoblasts,
immune cells (T lymphocytes, dendritic cells), other hematopoietic, cells and their precursors,
and vascular endothelial cells. Reciprocal positive and negative interactions among these cells
are mediated by a variety of adhesion molecules, cytokines, and receptors [65]. MAF translo‐
cations dysregulate expression of a MAF transcription factor that causes increased expression
of many genes, including CCND2 and adhesion molecules that are thought to enhance the
ability of the tumor cell to interact with the bone marrow microenvironment [66].

In summary, it has been proposed that the pathogenesis of MGUS and MM can be considered
as occurring in three phases [6]. First, partially overlapping genetic events common to MGUS
and MM include at a minimum primary immunoglobulin heavy chain translocations, hyper‐
diploidy, and del13 that lead directly or indirectly to dysregulation of a CCND gene; second,
the transition from MGUS to MM is associated with increased MYC expression and sometimes
K-RAS mutations, but can also include del13 in t(11;14) tumors; third, additional progression
of the MM tumor seems to be associated with other events. For example, increased proliferation
and genomic instability, and decreased dependence on the bone marrow microenvironment,
sometimes including extramedullary spread of disease, can be associated with late MYC
rearrangements that often involve an immunoglobulin locus, activating mutations of the
nuclear factor-κB pathway, deletion or mutation of TP53, and inactivation of p18INK4c or RB
[65] (see Fig. 1).

6. Clinical management

As mentioned above, the UK Myeloma Forum and the Nordic Myeloma Study Group have
proposed guidelines for the management of MGUS [28]. They suggest that is essential that
patients should be monitored not only by laboratory testing but also clinically. Low risk
patients (serum IgG <1.5 g/dL; IgA or IgM <1.0 g/dL; normal free light chain ratio in the absence
of symptoms such as anemia or renal dysfunction) can be monitored in the primary-care setting
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at intervals of 3-4 months initially for the first year and then lengthened to 6-12 months based
on the patient`s clinical history, laboratory results and comorbid conditions. Should be checked
for serum protein electrophoresis, complete blood count, calcium, and serum creatinine every
6 months and if they are stable, every 2 to 6 years. There is also an alternative strategy
suggesting that screening should be performed only if there is an increase in symptoms
associated with MM. International Myeloma Working Group members suggest that the
patients with low risk-MGUS should be followed during 6 months after the diagnosis of MGUS
[32]. On the other hand, they specified that a bone marrow examination should be required if
the patients had any CRAB features.

UK  Myeloma  Forum  and  the  Nordic  Myeloma  Study  Group  recommend  that  patients
with  high-risk  MGUS  (IgG  ≥1.5  g/dL;  IgA  or  IgM  >1.0  g/dL;  IgD  or  IgE  at  any  level)
should be referred to a hematology specialist 3-4 times per year as a minimum [28]. The

Figure 1. Model for molecular pathogenesis of monoclonal gammopathy of undetermined significance (MGUS) and
multiple myeloma (MM). TR1, the initial transition to a recognizable tumor involves two mostly non-overlapping path‐
ways (IgH translocations versus multiple trisomies) that include primary events associated with dysregulated cyclin D
expression in MGUS and MM. TR2, the transition from MGUS to MM is associated with increase MYC expression and
sometimes with activating mutations of K-RAS or chromosome 13 deletion. Early and late progression events for
symptomatic MM tumors are shown. Reproduced with permission from Kuehl WM and Bergsagel PL. Molecular
pathogenesis of multiple myeloma and its premalignant precursor. J Clin Invest. 2012;122(10):3456-63. doi:10.1172/
JCI61188. Copyright from the American Society for Clinical Investigation.
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recommended tests for monitoring include serum protein electrophoresis, serum total im‐
munoglobulin, complete blood count, creatinine, urea, electrolytes and serum calcium. In
addition,  it  should  be  evaluated  using  bone  marrow  cytogenetic  and  FISH  with  bone
imaging studies. Nevertheless, it is important to highlight that sometimes it will be neces‐
sary to perform Magnetic Resonance Imaging or Positron Emission Tomography-Comput‐
ed  Tomography,  instead  of  traditional  x-rays.  Patients  with  unexplained  anemia  or
kidney  failure  should  be  evaluated  with  a  full  bone  scan  that  also  include  cytogenetic
and FISH. Korde et al [57] reported that is critical to recognize that in a disease such as
MM, where defining criteria rely on the presence or absence of end-organ damage, diag‐
nosis is  only as good as the tools and technology able to detect end-organ damage. For
instance, in SMM or high-risk MGUS patients suspicious to harbor bone disease, imaging
evaluation  may  be  better  served  by  obtaining  magnetic  resonance  imaging  or  Positron
Emission  Tomography-Computed  Tomography  rather  than  traditional  skeletal  surveys.
International  Myeloma  Working  Group  members  recommend  for  intermediate-risk  and
high-risk MGUS patients should have a bone marrow aspirate and biopsy with both con‐
ventional  cytogenetics  and  FISH  [32].  If  available,  a  plasma  cell  labeling  index  and  a
search for circulating plasma cells in the peripheral blood using flow cytometry are use‐
ful.  Patients with IgM isotype should have a computational tomography scan of the ab‐
domen  since  asymptomatic  retroperitoneal  lymph  nodes  may  be  present.  If  there  is
evidence  of  MM or  Waldeström macroglobulinemia,  lactate  dehydrogenase,  2-microglo‐
bulin,  and C-reactive protein levels should be measured. If  the results of  these tests are
satisfactory,  International  Myeloma Working  Group recommend patients  should  be  fol‐
lowed with serum protein electrophoresis and complete blood cell count in 6 months and
then annually for life [32].

7. Management

In clinical practice, patients with MGUS are followed clinically without treatment until
progression. However, the existence of easily identifiable precursor states represents an
opportunity for chemoprevention [67]. However, it must be weighed that benefits achieved
by treating a precursor state is greater than a potential for therapeutic toxicity. Recently, Korde
et al [57] revised early treatment strategies for MGUS and SMM.

Bhattacharyya et al [68] reported a clinic case of IgM-MGUS associated with cryoglobulinemia
and cold agglutinin disease, which was treated with immunotherapy and was successful
(Table 3). Immunochemotherapy, consisting of rituximab (375 mg/m2, day 1), fludarabine (25
mg/m2, days 2-4), and cyclophosphamide (250 mg/m2, days 2-4), was administered every 4
weeks up to three times as a first-line treatment followed by three cycles of monthly rituximab
treatment. Extensive skin lesions with livedo reticularis entirely disappeared prior to initiation
of the second cycle in association with the declined serum level of IgM.

Pepe et al [69] studied 100 patients affected by MGUS, grouped according to the presence
(group A, 50 patients) or absence (group B) of vertebral fractures and/or osteoporosis. Group
A was treated with alendronate  (70  mg/weekly)  plus  calcium and cholecalciferol  for  18
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at intervals of 3-4 months initially for the first year and then lengthened to 6-12 months based
on the patient`s clinical history, laboratory results and comorbid conditions. Should be checked
for serum protein electrophoresis, complete blood count, calcium, and serum creatinine every
6 months and if they are stable, every 2 to 6 years. There is also an alternative strategy
suggesting that screening should be performed only if there is an increase in symptoms
associated with MM. International Myeloma Working Group members suggest that the
patients with low risk-MGUS should be followed during 6 months after the diagnosis of MGUS
[32]. On the other hand, they specified that a bone marrow examination should be required if
the patients had any CRAB features.

UK  Myeloma  Forum  and  the  Nordic  Myeloma  Study  Group  recommend  that  patients
with  high-risk  MGUS  (IgG  ≥1.5  g/dL;  IgA  or  IgM  >1.0  g/dL;  IgD  or  IgE  at  any  level)
should be referred to a hematology specialist 3-4 times per year as a minimum [28]. The

Figure 1. Model for molecular pathogenesis of monoclonal gammopathy of undetermined significance (MGUS) and
multiple myeloma (MM). TR1, the initial transition to a recognizable tumor involves two mostly non-overlapping path‐
ways (IgH translocations versus multiple trisomies) that include primary events associated with dysregulated cyclin D
expression in MGUS and MM. TR2, the transition from MGUS to MM is associated with increase MYC expression and
sometimes with activating mutations of K-RAS or chromosome 13 deletion. Early and late progression events for
symptomatic MM tumors are shown. Reproduced with permission from Kuehl WM and Bergsagel PL. Molecular
pathogenesis of multiple myeloma and its premalignant precursor. J Clin Invest. 2012;122(10):3456-63. doi:10.1172/
JCI61188. Copyright from the American Society for Clinical Investigation.

Multiple Myeloma - A Quick Reflection on the Fast Progress120

recommended tests for monitoring include serum protein electrophoresis, serum total im‐
munoglobulin, complete blood count, creatinine, urea, electrolytes and serum calcium. In
addition,  it  should  be  evaluated  using  bone  marrow  cytogenetic  and  FISH  with  bone
imaging studies. Nevertheless, it is important to highlight that sometimes it will be neces‐
sary to perform Magnetic Resonance Imaging or Positron Emission Tomography-Comput‐
ed  Tomography,  instead  of  traditional  x-rays.  Patients  with  unexplained  anemia  or
kidney  failure  should  be  evaluated  with  a  full  bone  scan  that  also  include  cytogenetic
and FISH. Korde et al [57] reported that is critical to recognize that in a disease such as
MM, where defining criteria rely on the presence or absence of end-organ damage, diag‐
nosis is  only as good as the tools and technology able to detect end-organ damage. For
instance, in SMM or high-risk MGUS patients suspicious to harbor bone disease, imaging
evaluation  may  be  better  served  by  obtaining  magnetic  resonance  imaging  or  Positron
Emission  Tomography-Computed  Tomography  rather  than  traditional  skeletal  surveys.
International  Myeloma  Working  Group  members  recommend  for  intermediate-risk  and
high-risk MGUS patients should have a bone marrow aspirate and biopsy with both con‐
ventional  cytogenetics  and  FISH  [32].  If  available,  a  plasma  cell  labeling  index  and  a
search for circulating plasma cells in the peripheral blood using flow cytometry are use‐
ful.  Patients with IgM isotype should have a computational tomography scan of the ab‐
domen  since  asymptomatic  retroperitoneal  lymph  nodes  may  be  present.  If  there  is
evidence  of  MM or  Waldeström macroglobulinemia,  lactate  dehydrogenase,  2-microglo‐
bulin,  and C-reactive protein levels should be measured. If  the results of  these tests are
satisfactory,  International  Myeloma Working  Group recommend patients  should  be  fol‐
lowed with serum protein electrophoresis and complete blood cell count in 6 months and
then annually for life [32].

7. Management

In clinical practice, patients with MGUS are followed clinically without treatment until
progression. However, the existence of easily identifiable precursor states represents an
opportunity for chemoprevention [67]. However, it must be weighed that benefits achieved
by treating a precursor state is greater than a potential for therapeutic toxicity. Recently, Korde
et al [57] revised early treatment strategies for MGUS and SMM.

Bhattacharyya et al [68] reported a clinic case of IgM-MGUS associated with cryoglobulinemia
and cold agglutinin disease, which was treated with immunotherapy and was successful
(Table 3). Immunochemotherapy, consisting of rituximab (375 mg/m2, day 1), fludarabine (25
mg/m2, days 2-4), and cyclophosphamide (250 mg/m2, days 2-4), was administered every 4
weeks up to three times as a first-line treatment followed by three cycles of monthly rituximab
treatment. Extensive skin lesions with livedo reticularis entirely disappeared prior to initiation
of the second cycle in association with the declined serum level of IgM.

Pepe et al [69] studied 100 patients affected by MGUS, grouped according to the presence
(group A, 50 patients) or absence (group B) of vertebral fractures and/or osteoporosis. Group
A was treated with alendronate  (70  mg/weekly)  plus  calcium and cholecalciferol  for  18
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months, and group B was treated with calcium and cholecalciferol. Treatment with alendro‐
nate could lead to a significant reduction in fracture risk in MGUS patients with skeletal
fragility. During the whole period of investigation, eight patients in group A developed MM
and therefore were not able to continue the study. A further 12 patients included in group
A did not want to take the drugs prescribed. Additionally, the author indicated that this
study has some limitations, mainly because of the lack of a real control group (longitudinal‐
ly followed for the entire observation period) and the lack of morphometric evaluation of
vertebral fractures at 18 months. Another similar study was administered zoledronic acid to

Drug [References] Treatment

scheme

Nº of patients (age or

study/control)

Benefit Observations

Zoledronic acid [70] 4 mg, i.v. at 0, 6,

and 12 months

54 MGUS

and osteopenia or

osteoporosis

(50-91 years;

median=67 years)

Reducing fractures. 48 patients completed the

study.

Some patients showed

adverse effects. Progression

of MGUS does not diminish

with time.

Alendronate plus

calcium and

cholecalciferol

vs.

calcium and

cholecalciferol [69]

70 mg/weekly, at

18 months

100 MGUS

With presence or

absence (control)

vertebral fractures

and/or osteoporosis

(50/50)

Reducing fractures. 8 patients developed MM

12 patients did not want to

take the drugs.

Rituximab,

fludarabine, and

cyclophosphamide

[68]

Every 4 weeks up

to three times

followed by three

cycles of monthly

rituximab

treatment

1 MGUS

associated with

cryoglobulinemia and

cold agglutinin disease

Decreases M-protein

and skin lesions

disappeared.

NA

Curcumin

vs.

placebo [73]

4 g/day oral 26 MGUS

(17/9)

Decreases bone

resorption and M-

protein (12-30%) of

patients with M-protein

>20 g/L

NA

Curcumin

vs.

placebo [74]

4 g/day and an

open-label 8 g

curcumin extension

study, oral, at 3

months

19 MGUS

17 SMM

(12/13)

Decreasing free light

chain and marker of

bone resorption.

Curcumin may benefit some

but not all patients with

MGUS and SMM.

MGUS: Monoclonal gammopathy of undetermined significance; SMM: Smoldering multiple myeloma; NA: Not
available.

Table 3. Therapy on patients with MGUS
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54 patients with MGUS and osteopenia or osteoporosis [70]. They also demonstrated that
increase bone mineral density in patients with bone loss with the theoretical added benefit
of reducing fractures although it was not observed that the progression can be delayed or
prevented.

There are two ongoing studies, in the first, the aim is to assess whether omega-3 fatty acids
reduce activated NF-κB levels in peripheral blood lymphocytes [71]. Omega-3 supplementa‐
tion will be initiated at three 1250 mg capsules daily for the first month. If dose is well tolerated,
it will be increased to six 1250 mg capsules daily for 30 days and finally to nine 1250 mg capsules
daily. Treatment period is 12 months (study design nonrandomized). No study results posted
on clinicaltrials.gov [71]. In the second study, the aim is to test whether green tea extract
reduces the M-protein concentration [72]. Patients receive oral green tea catechin extract
(Polyphenon E) daily on days 1-28. Treatment repeats every 28 days for up to 6 courses in the
absence of disease progression or unacceptable toxicity. No study results posted on clinical‐
trials.gov [72].

Golombick et al [73] investigated the effect of curcumin on plasma cells and osteoclasts in
patients with MGUS (see Table 3). Twenty-six patients with MGUS were randomized into
two groups (single-blind, randomized, crossover pilot). The pilot study found that curcu‐
min may decrease both serum M-protein (in patients with levels of >20 g/L) and urinary N-
telopeptide  of  type  I  collagen  bone  turnover  marker  in  patients  with  MGUS.  Recently,
Golombick et al [74] performed a randomized, double-blind placebo-controlled crossover 4
g curcumin study and an open-label extension study using an 8 g curcumin. 19 MGUS and
17 SMM were randomized into two groups: one received 4 g curcumin and the other 4 g
placebo, crossing over at 3 months. 25 patients completed the 4 g crossover study and 18 the
8 g extension study. In some patients curcumin therapy decreased the free light-chain ratio
and uDPYD (a marker of bone resorption).

Curcumin is the most active component in Curcuma longa or turmeric (tropical plant native to
southern and southeastern tropical Asia). Curcumin has been shown to downregulate IL-6 and
nuclear factor-κB; to inhibit osteoclastogenesis and to reduce bone turnover; suppresses
proliferation and induces apoptosis in MM cells [75] and inhibits osteoclastogenesis through
the suppression of RANKL signaling [76]. Nevertheless, it is known that curcumin inhibits
IL-12 production in dendritic cells, thereby dampening the Th1 response [77]. This suggests
that may have an immunosuppressive effect. However, Rajkumar [78] indicated that finding
reported by Golombick [74] is a modest decrease in free light chain levels by 25-50% in one
quarter of the patients, reason why he disagrees with curcumin as a preventive or therapeutic
strategy in MGUS (Table 3). Rajkumar also indicated that using risk stratification model
approximately 50% of all MGUS patients are considered low-risk MGUS, and have a lifetime
risk of progression of only 2%. Therefore, he recommends that focus should be put on
preventive strategies in patients with high-risk SMM.

There is an increased interest in identifying biomarkers that can predict patients who will
inevitably progress to symptomatic MM. These include genetic and/or epigenetic targets and
microenvironment and/or its interaction with tumor cells, which may change the future of
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months, and group B was treated with calcium and cholecalciferol. Treatment with alendro‐
nate could lead to a significant reduction in fracture risk in MGUS patients with skeletal
fragility. During the whole period of investigation, eight patients in group A developed MM
and therefore were not able to continue the study. A further 12 patients included in group
A did not want to take the drugs prescribed. Additionally, the author indicated that this
study has some limitations, mainly because of the lack of a real control group (longitudinal‐
ly followed for the entire observation period) and the lack of morphometric evaluation of
vertebral fractures at 18 months. Another similar study was administered zoledronic acid to

Drug [References] Treatment

scheme
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study/control)

Benefit Observations

Zoledronic acid [70] 4 mg, i.v. at 0, 6,

and 12 months

54 MGUS

and osteopenia or

osteoporosis

(50-91 years;

median=67 years)

Reducing fractures. 48 patients completed the

study.

Some patients showed

adverse effects. Progression

of MGUS does not diminish

with time.

Alendronate plus

calcium and

cholecalciferol

vs.

calcium and

cholecalciferol [69]

70 mg/weekly, at

18 months

100 MGUS

With presence or

absence (control)

vertebral fractures

and/or osteoporosis

(50/50)

Reducing fractures. 8 patients developed MM

12 patients did not want to

take the drugs.

Rituximab,

fludarabine, and

cyclophosphamide

[68]

Every 4 weeks up

to three times

followed by three

cycles of monthly

rituximab

treatment

1 MGUS

associated with

cryoglobulinemia and

cold agglutinin disease

Decreases M-protein

and skin lesions

disappeared.

NA

Curcumin

vs.

placebo [73]

4 g/day oral 26 MGUS

(17/9)

Decreases bone

resorption and M-

protein (12-30%) of

patients with M-protein

>20 g/L

NA

Curcumin

vs.

placebo [74]

4 g/day and an

open-label 8 g

curcumin extension

study, oral, at 3

months

19 MGUS

17 SMM

(12/13)

Decreasing free light

chain and marker of

bone resorption.

Curcumin may benefit some

but not all patients with

MGUS and SMM.

MGUS: Monoclonal gammopathy of undetermined significance; SMM: Smoldering multiple myeloma; NA: Not
available.

Table 3. Therapy on patients with MGUS
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54 patients with MGUS and osteopenia or osteoporosis [70]. They also demonstrated that
increase bone mineral density in patients with bone loss with the theoretical added benefit
of reducing fractures although it was not observed that the progression can be delayed or
prevented.

There are two ongoing studies, in the first, the aim is to assess whether omega-3 fatty acids
reduce activated NF-κB levels in peripheral blood lymphocytes [71]. Omega-3 supplementa‐
tion will be initiated at three 1250 mg capsules daily for the first month. If dose is well tolerated,
it will be increased to six 1250 mg capsules daily for 30 days and finally to nine 1250 mg capsules
daily. Treatment period is 12 months (study design nonrandomized). No study results posted
on clinicaltrials.gov [71]. In the second study, the aim is to test whether green tea extract
reduces the M-protein concentration [72]. Patients receive oral green tea catechin extract
(Polyphenon E) daily on days 1-28. Treatment repeats every 28 days for up to 6 courses in the
absence of disease progression or unacceptable toxicity. No study results posted on clinical‐
trials.gov [72].

Golombick et al [73] investigated the effect of curcumin on plasma cells and osteoclasts in
patients with MGUS (see Table 3). Twenty-six patients with MGUS were randomized into
two groups (single-blind, randomized, crossover pilot). The pilot study found that curcu‐
min may decrease both serum M-protein (in patients with levels of >20 g/L) and urinary N-
telopeptide  of  type  I  collagen  bone  turnover  marker  in  patients  with  MGUS.  Recently,
Golombick et al [74] performed a randomized, double-blind placebo-controlled crossover 4
g curcumin study and an open-label extension study using an 8 g curcumin. 19 MGUS and
17 SMM were randomized into two groups: one received 4 g curcumin and the other 4 g
placebo, crossing over at 3 months. 25 patients completed the 4 g crossover study and 18 the
8 g extension study. In some patients curcumin therapy decreased the free light-chain ratio
and uDPYD (a marker of bone resorption).

Curcumin is the most active component in Curcuma longa or turmeric (tropical plant native to
southern and southeastern tropical Asia). Curcumin has been shown to downregulate IL-6 and
nuclear factor-κB; to inhibit osteoclastogenesis and to reduce bone turnover; suppresses
proliferation and induces apoptosis in MM cells [75] and inhibits osteoclastogenesis through
the suppression of RANKL signaling [76]. Nevertheless, it is known that curcumin inhibits
IL-12 production in dendritic cells, thereby dampening the Th1 response [77]. This suggests
that may have an immunosuppressive effect. However, Rajkumar [78] indicated that finding
reported by Golombick [74] is a modest decrease in free light chain levels by 25-50% in one
quarter of the patients, reason why he disagrees with curcumin as a preventive or therapeutic
strategy in MGUS (Table 3). Rajkumar also indicated that using risk stratification model
approximately 50% of all MGUS patients are considered low-risk MGUS, and have a lifetime
risk of progression of only 2%. Therefore, he recommends that focus should be put on
preventive strategies in patients with high-risk SMM.

There is an increased interest in identifying biomarkers that can predict patients who will
inevitably progress to symptomatic MM. These include genetic and/or epigenetic targets and
microenvironment and/or its interaction with tumor cells, which may change the future of
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disease progression [65]. Dynamic changes in tumor and microenvironment, cell immunophe‐
notype, mRNA and protein expression, should offer insight into disease progression [57, 78].

8. Conclusion

In conclusion, it is crucial to follow up cases of MGUS carefully, including their systematic
recording as a fundamental contribution to understand the evolution of this pathology and its
malignant transformation process. This will be critical to develop better biomarkers that
contribute to understand the evolution and malignant transformation of MGUS. These efforts
should lead to the development of new, more effective management and treatment strategies.
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1. Introduction

Today, multiple myeloma (MM) can be defined as a heterogenous disease composed of
different clinical conditions. The differences are a result of patient related factors (age, sex,
comorbidity), disease related complications (renal failure, bone disease, neuropathy, throm‐
bosis) and biological characteristics (cytogenetics, lactate dehydrogenase level, plasma cell
labelling index, beta2-microglobulin, gene expression profiles). The widely used international
scoring system is a powerful tool for determining survival. However, it cannot be used for
treatment planning. The biological determinants of disease determined by flourescein in situ
hybridization (FISH) and/or conventional cytogenetics are better tools to stratify myeloma
subgroups with different survival profiles. Thus these are better tools for designing therapeutic
approaches. A risk stratification of newly diagnosed MM according to FISH/Karyotyping has
been recently reviewed by Rajkumar (Rajkumar, 2012).

High dose melphalan supported by autologous stem cell transplantation (ASCT) can increase
response rates and prolong progression free and overal survival compared to conventional
chemotherapies (Attal et al., 1996; Child et al., 2003; Fermand et al., 2005; Koreth et al., 2007).
The initial induction regimen is chosen according to whether the patient is eligible or ineligible
for a subsequent HDT-ASCT as well as the risk stratification of the patient. Advanced age or
significant comorbidity are important limitations for ASCT. High dose therapy has been
generally considered for patients ≤ 65 years. However, in medically fit patients, this can be
extended up to age 70-75 years. Achievement of high quality responses (VGPR, CR/nCR) at
the time of transplantation has been demostrated to be an early predictor of improved
outcomes after ASCT (Harousseau et al., 2009; Chanan-Khan&Giralt, 2010). Elderly patients
or patients ineligible for transplantation may also benefit from chemotherapy by achieving
high quality responses preferably CR in terms of progression free survival (PFS) and overall
survival (OS). As such, the choice of induction therapy is crucial for survival for most patients
with MM. The emergence of novel agents (thalidomide, lenalidomide and bortezomib) and
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incorporation of these agents in to the current induction protocols has increased the rate of CR
and at least VGPR before ASCT and significantly improved the OS in MM (Kumar et al.,
2008; Kastritis et al., 2009). This opened a new area of debate ‘upfront’ versus ‘delayed’
transplantation. However, current recommendations from experts is that high dose therapy
supported by autologous stem cell transplantation (HDT-ASCT) should be the standard of
care for eligible patients (Ludwig et al., 2011).

2. Induction therapy for patients eligible for HDT–ASCT

In patients for whom HDT-ASCT is planned, the goal of induction treatment before HDT-
ASCT should be to achieve the deepest response preferably up to the level of ≥ VGPR as quickly
as possible, to reverse disease related complications and ameliorate patient’s symptoms. The
protocol should not induce stem cell toxicity and impair stem cell collection. Hence, it is
important to avoid melphalan prior to stem cell collection (Cavo et al., 2011; Ludwig et al.,
2011).

Prior to novel agents, the standard of care for patients eligible for ASCT was based on high
dose dexamethasone alone or VAD (Vincristine, adriamycin, high dose dexamethasone). Over
the last few years, the emergence of novel agents (thalidomide, bortezomib and lenalidomide)
has shifted the choice of induction regimen from conventional VAD or VAD-like regimens to
novel-agent containing protocols. In the earlier studies, the combinations of novel agents with
high dose dexamethasone were shown to be superior to VAD regimen before ASCT. The more
recent trials have concentrated on upfront use of initially 2-drug and more recently 3-drug or
even 4-drug combinations applied before ASCT.

2.1. Thalidomide–based regimens

Thalidomide is the first immunomodulatory drug used in the treatment of MM. Apart from
the anti-angiogenic activity, this group of drugs also induce apoptosis in myeloma cells.
Thalidomide induces responses in MM patients refractory to conventional and even high dose
therapy suggesting that it can overcome drug resistance. It may alter the secretion and
bioactivity of cytokines (e.g. TNF-α) secreted into bone marrow microenvironment by
myeloma and bone marrow stromal cells that induce myeloma cell growth and survival.
Thalidomide mediates its immunomodulatory action by induction of Th-1 T cell response with
secretion of IFN-Y and IL-2 and regulation of adhesion molecule expression (Hideshima et al.,
2000).

After the initial studies showing that single agent thalidomide could produce significant
reponses and that combination of thalidomide with dexamethasone (TD) results in synergism
in refractory/relapsed MM, thalidomide was introduced to the induction therapy for newly
diagnosed MM (Singhal et al., 1999; Palumbo et al., 2001). The phase II studies demonstrated
the efficacy of TD as front line therapy with 64%-66% response rates (Rajkumar et al., 2002;
Cavo et al., 2004). In 2005, a retrospective matched case-control analysis provided the first
demonstration of superior rate and depth of response by TD compared with VAD as induction
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( ≥PR; 76% vs 52%, respectively, p<0.001) (Cavo et al., 2005). Based on the subsequent phase
III studies which confirmed the superior response rates achieved with thalidomide containing
regimens compared with the conventional induction therapies, TD regimen received an
accelerated approval in patients with newly diagnosed MM (Rajkumar et al.,2006; Rajkumar
et al., 2008). The summary of the phase II-III studies involving thalidomide-based induction
regimens is shown in table-1.

Rajkumar et al. in a randomized double blind placebo-controlled study, provided the first data
on significant prolongation of time to progression (TTP) and progression free survival (PFS)
with TD compared with dexamethasone alone in patients with newly diagnosed MM ( 14.9
vs. 6.5 months; p<0.001). However, this study was not powered enough to compare the
differences in OS (Rajkumar et al., 2008). Barlogie et al. randomized their patients to receive
two cycles of high dose melphalan based chemotherapy each supported with ASCT (Total
therapy-2) with or without thalidomide added from outset until disease progression and
reported that addition of thalidomide improved the rate of CR and EFS but failed to prolong
OS (Barlogie et al., 2006). In a retrospective pair-matched analysis, thalidomide incorporated
to induction regimen and continued until the second ASCT revealed significantly improved
clinical outcomes and a trend towards extended OS at 5 years ( 69% vs. 53%; p=0.07) (Cavo et
al., 2009). The HOVON-50 trial incorporated doxorubicin to TD (TAD) and compared this
regimen with conventional VAD as frontline therapy showing a better response before and
after HDT-ASCT (Lokhorst et al., 2008). After long term follow-up, the TAD arm folowed by
thalidomide maintenance after ASCT was able to induce longer event free survival compared
to the VAD arm folloowed by interferon ( 34 vs. 22 months; p<0.001) but this did not translate
into an improved OS (73 vs. 60 months; p=0.77). Which can be explained by a decreased
survival from relapse while on thalidomide maintenance (Lokhorst et al., 2010). A recent MRC
Myeloma IX randomized trial compared oral combination therapy CTD (cyclophosphamide,
thalidomide, dexamethasone) with oral cyclophosphamide incorporated into conventional
VAD (CVAD). Significantly superior response rates were attained with CTD compared with
CVAD both after induction and after ASCT. CTD could not significantly prolong PFS or OS
but longer followup suggests a trend towards a late OS advantage(Morgan et al., 2012).

Thalidomide does not compromise successful harvest of stem cells. However, it is associated
with an increased risk of venous thromboembolism (VTE) and sensory peripheral neuropathy
(PNP). Without thromboprophylaxis, the thrombosis risk is 15-17%, which is more frequent
during the first 3 months of treatment and warrants prophylactic anticoagulation. Peripheral
neuropathy improves within 3-4 months after dose reduction or cessation of the drug in most
patients. However, thalidomide induced PNP may be irreversible if appropriate action is not
taken when an emerging neuropathy is encountered. Thalidomide at low dose may be effective
in the management of patients with renal failure, but close monitorization for complications
is required in patients with serious renal and hepatic failure. Major thalidomide toxicities and
the summary of the supportive care guidelines regarding the approach to PNP is given in
tables 7 and 8, respectively (Beksac et al., 2008, Bird et al., 2011).

It is clearly understood that thalidomide-based regimens have produced better post-induction
response rates (≥PR; 63-82.5%) and PFS than conventional high dose dexamethasone based
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regimens. However, OS was not prolonged. Poorer response to salvage therapy and decreased
survival have been observed in patients who relapsed while on thalidomide. This may be the
result of emergence of resistant clones after thalidomide (Rajkumar et al., 2006; Barlogie et al.,
2006;, Cavo et al., 2009; Lokhorst et al., 2010; Morgan et al., 2012). Thalidomide-dexamethasone
is less active and more toxic than lenalidomide-based regimens and not recommended as first
line therapy anymore. However, in countries where lenalidomide is not available as initial first
line therapy and in patients with renal failure, thalidomide combinations may be preferred.
On the other hand, thalidomide is still being investigated in combination with other drugs as
induction and maintenance regimens for both transplant eligible and ineligible MM patients.

Regimen N

After induction After ASCT

PFS OS Reference
≥PR %

≥VGPR

%
CR % ≥PR %

≥VGPR

%
CR %

TD vs. D
103

104

63

41

nr

nr

4

0

nr

nr

nr

nr

nr

nr

nr

nr

nr

nr

Rajkumar

2006

TT2 with T vs.

TT2 without T

323

345

nr

nr

nr

nr

nr

nr

nr

nr

nr

nr

62

43

5-year

56%

44%

P=0.01

5-year

65%

65%

P=0.90

Barlogie 2006

TD vs. D
235

235

63

46

43.8

15.8

7.7

2.6

nr

nr

nr

nr

nr

nr

14.9 mos

6.5 mos

P<0.001

nr

nr

Rajkumar

2008

Double ASCT + T

vs. Double ASCT

135

135

30

15
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49

4-year

51%

31%

P=0.001

5-year

69%

53%

P=0.07

Cavo 2009

TAD vs. VAD
268

268

71

57

37

18

3

2

84

76

54

44

14

12

Median

34 mos

22 mos

P<0.001

Median

73 mos

60 mos

P=0.77

Lokhorst 2010

CTD vs.CVAD
555

556
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43

27.5

13

8

92
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62a

74a

50a

37a

Median

27a mos

25a mos

P=0.56

Median
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63a mos

P=0.29
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ASCT: autologous stem cell transplantation ; CTD: cyclophosphamide, thalidomide, dexamethasone; CVAD: cyclophos‐
phamide added to VAD (vincristine, doxorubicin, dexamethasone); nr: not reported; TAD: thalidomide, doxorobicin,
dexametahsone; TD: thalidomide, dexamethasone; T: thalidomide; TT2: Total therapy-2. a per-protocol analysis

Table 1. Phase II- III studies of thalidomide-based regimens as induction therapy before HDT-ASCT
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2.2. Bortezomib–based regimens

Bortezomib is an effective inhibitor of proteosome. The ubiquinitin-proteosome pathway plays
an important role in intracellular protein homeostasis by regulating degradation of proteins,
including mediators of cell cycle progression and apoptosis. Bortezomib also blocks TNF-α
mediated upregulation of NF-KB resulting in decreased binding of myeloma cells to bone
marrow stromal cells and results in myeloma cell apoptosis. This activity is observed even in
cell lines resistant to conventional anti-myeloma therapies. Bortezomib also cleaves DNA
repair enzymes increasing the susceptibility of myeloma cells to DNA damaging agents such
as alkylating agents and anthracyclines (Hideshima et al., 2001; Cherry et al., 2012).

Bortezomib received FDA approval in 2003 after showing significant activity in relapsed-
refractory MM (Jagannath et al., 2004; Richardson et al., 2005). The initial phase II study of
single agent bortezomib in previously untreated MM revealed a response rate of 41%
(Richardson et al., 2009). Other phase 2 studies incorporating bortezomib ± dexamethasone to
induction regimens were consistent with superior responses ranging from 66% to 95% with
6% to 24% CR rates (Jagannath et al., 2005; Harousseau et al., 2006; Rosinol et al., 2007).

The IFM2005-01 Phase III trial compared VD with VAD as induction before ASCT and
lenalidomide was given as post-ASCT maintenance in both arms in a randomized fashion.
Post-induction at least VGPR (38% vs 15%) and CR/nCR (15% vs 6%) were superior with VD.
This response difference was also maintained after ASCT. However, there was only slight
improvement in PFS without an OS benefit. Responses with bortezomib were higher regardless
of the disease stage or high-risk cytogenetics (Harousseau et al., 2010).

Popat et al. added doxorubicin at escalating doses (0, 4.5 and 9 mg/m2 ) to standard dose
bortezomib-dexamethasone (PAD) and demonstrated 95% post-induction response rate with
62% high quality responses (≥ VGPR) (Popat et al., 2008). Addition of pegylated-liposomal
doxorubicin to bortezomib-dexamethasone revealed similar responses ( ≥ PR 85% and ≥ VGPR
57.5%) which was further enhanced in patients who underwent ASCT (≥ VGPR 76.6%)
(Jakubowiak et al., 2009). A very recent HOVON-65/GMMG-HD4 trial compared pre-
transplant PAD (Bortezomib, Adriamycin, Dexamethasone) induction and bortezomib
maintenance after ASCT with pre-transplant VAD induction and thalidomide maintenance
after ASCT and demonstrated that bortezomib during induction and maintenance significantly
improved response rates, quality of response. Similar to other bortezomib containing 3-drug
combinations, PFS was significantly improved. Additionally, unlike the other studies, OS was
also prolonged in this study (61% vs 55%). Subgroup analysis also indicated that superior
outcome with bortezomib was predominantly accomplished in high risk patients presenting
with renal failure and del17p (≥ VGPR; 72% vs 43%) (Sonneveld et al., 2012).

Reeder et al. incorporated cyclophosphamide to bortezomib-dexamethasone (CyBorD/VCD)
and reported 71% ≥VGPR after 4 cycles and 74% ≥VGPR after ASCT (Reeder et al., 2009). The
German Myeloma Study Group reported 84% response rate (≥PR) with 10% CR after 3 cycles
of VCD. Over 60% of their patients had high-risk cyctogenetics. The response rate in cytoge‐
netically high-risk patients were 83.7% (del13q) and 90% t(4;14). However, del17p group had
lower response rate at 69.2% (Einsele et al., 2009).
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regimens. However, OS was not prolonged. Poorer response to salvage therapy and decreased
survival have been observed in patients who relapsed while on thalidomide. This may be the
result of emergence of resistant clones after thalidomide (Rajkumar et al., 2006; Barlogie et al.,
2006;, Cavo et al., 2009; Lokhorst et al., 2010; Morgan et al., 2012). Thalidomide-dexamethasone
is less active and more toxic than lenalidomide-based regimens and not recommended as first
line therapy anymore. However, in countries where lenalidomide is not available as initial first
line therapy and in patients with renal failure, thalidomide combinations may be preferred.
On the other hand, thalidomide is still being investigated in combination with other drugs as
induction and maintenance regimens for both transplant eligible and ineligible MM patients.

Regimen N

After induction After ASCT

PFS OS Reference
≥PR %

≥VGPR

%
CR % ≥PR %

≥VGPR

%
CR %

TD vs. D
103

104

63

41

nr

nr

4

0

nr

nr

nr

nr

nr

nr

nr

nr

nr

nr

Rajkumar

2006

TT2 with T vs.

TT2 without T

323

345

nr

nr

nr

nr

nr

nr

nr

nr

nr

nr

62

43

5-year

56%

44%

P=0.01

5-year

65%

65%

P=0.90

Barlogie 2006

TD vs. D
235

235

63

46

43.8

15.8

7.7

2.6

nr

nr

nr

nr

nr

nr

14.9 mos

6.5 mos

P<0.001

nr

nr

Rajkumar

2008

Double ASCT + T

vs. Double ASCT

135

135

30

15

68

49

4-year

51%

31%

P=0.001

5-year

69%

53%

P=0.07

Cavo 2009

TAD vs. VAD
268

268

71

57

37

18

3

2

84

76

54

44

14

12

Median

34 mos

22 mos

P<0.001

Median

73 mos

60 mos

P=0.77

Lokhorst 2010

CTD vs.CVAD
555

556

82.5

71

43

27.5

13

8

92

90

62a

74a

50a

37a

Median

27a mos

25a mos

P=0.56

Median

Not reach.

63a mos

P=0.29

Morgan 2012

ASCT: autologous stem cell transplantation ; CTD: cyclophosphamide, thalidomide, dexamethasone; CVAD: cyclophos‐
phamide added to VAD (vincristine, doxorubicin, dexamethasone); nr: not reported; TAD: thalidomide, doxorobicin,
dexametahsone; TD: thalidomide, dexamethasone; T: thalidomide; TT2: Total therapy-2. a per-protocol analysis

Table 1. Phase II- III studies of thalidomide-based regimens as induction therapy before HDT-ASCT
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2.2. Bortezomib–based regimens

Bortezomib is an effective inhibitor of proteosome. The ubiquinitin-proteosome pathway plays
an important role in intracellular protein homeostasis by regulating degradation of proteins,
including mediators of cell cycle progression and apoptosis. Bortezomib also blocks TNF-α
mediated upregulation of NF-KB resulting in decreased binding of myeloma cells to bone
marrow stromal cells and results in myeloma cell apoptosis. This activity is observed even in
cell lines resistant to conventional anti-myeloma therapies. Bortezomib also cleaves DNA
repair enzymes increasing the susceptibility of myeloma cells to DNA damaging agents such
as alkylating agents and anthracyclines (Hideshima et al., 2001; Cherry et al., 2012).

Bortezomib received FDA approval in 2003 after showing significant activity in relapsed-
refractory MM (Jagannath et al., 2004; Richardson et al., 2005). The initial phase II study of
single agent bortezomib in previously untreated MM revealed a response rate of 41%
(Richardson et al., 2009). Other phase 2 studies incorporating bortezomib ± dexamethasone to
induction regimens were consistent with superior responses ranging from 66% to 95% with
6% to 24% CR rates (Jagannath et al., 2005; Harousseau et al., 2006; Rosinol et al., 2007).

The IFM2005-01 Phase III trial compared VD with VAD as induction before ASCT and
lenalidomide was given as post-ASCT maintenance in both arms in a randomized fashion.
Post-induction at least VGPR (38% vs 15%) and CR/nCR (15% vs 6%) were superior with VD.
This response difference was also maintained after ASCT. However, there was only slight
improvement in PFS without an OS benefit. Responses with bortezomib were higher regardless
of the disease stage or high-risk cytogenetics (Harousseau et al., 2010).

Popat et al. added doxorubicin at escalating doses (0, 4.5 and 9 mg/m2 ) to standard dose
bortezomib-dexamethasone (PAD) and demonstrated 95% post-induction response rate with
62% high quality responses (≥ VGPR) (Popat et al., 2008). Addition of pegylated-liposomal
doxorubicin to bortezomib-dexamethasone revealed similar responses ( ≥ PR 85% and ≥ VGPR
57.5%) which was further enhanced in patients who underwent ASCT (≥ VGPR 76.6%)
(Jakubowiak et al., 2009). A very recent HOVON-65/GMMG-HD4 trial compared pre-
transplant PAD (Bortezomib, Adriamycin, Dexamethasone) induction and bortezomib
maintenance after ASCT with pre-transplant VAD induction and thalidomide maintenance
after ASCT and demonstrated that bortezomib during induction and maintenance significantly
improved response rates, quality of response. Similar to other bortezomib containing 3-drug
combinations, PFS was significantly improved. Additionally, unlike the other studies, OS was
also prolonged in this study (61% vs 55%). Subgroup analysis also indicated that superior
outcome with bortezomib was predominantly accomplished in high risk patients presenting
with renal failure and del17p (≥ VGPR; 72% vs 43%) (Sonneveld et al., 2012).

Reeder et al. incorporated cyclophosphamide to bortezomib-dexamethasone (CyBorD/VCD)
and reported 71% ≥VGPR after 4 cycles and 74% ≥VGPR after ASCT (Reeder et al., 2009). The
German Myeloma Study Group reported 84% response rate (≥PR) with 10% CR after 3 cycles
of VCD. Over 60% of their patients had high-risk cyctogenetics. The response rate in cytoge‐
netically high-risk patients were 83.7% (del13q) and 90% t(4;14). However, del17p group had
lower response rate at 69.2% (Einsele et al., 2009).
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These studies demonstrate that bortezomib-based induction studies produce high response
rates (≥ PR; 78%-93% and CR 7%-35%) without any adverse effect on stem cell mobilization
(Harousseau et al., 2010; Cavo et al.,2010; Rosinol et al., 2012; Sonneveld et al.,2012; Moreau et
al., 2010). However, neurotoxicity is a major concern especially when bortezomib is combined
with thalidomide. Neurotoxicity can be reduced by reducing bortezomib dose once weekly
without affecting the efficacy or by using subcutenous bortezomib (Mateos et al., 2010).
Moreover, Moreau et al. used reduced doses of bortezomib (1 mg/m2) and thalidomide (100
mg/d) in vtD regimen and found that this regimen provided higher VGPR rates compared
with VD and the dose reduction of both drugs could resulted in reduced incidence of poly‐
neuropathy (Moreau et al., 2011). Major bortezomib toxicities and the summary of the
supportive care guidelines regarding the approach to emerging PNP is given in tables 7 and
8, respectively (Bird et al.,2011).

Regimen N

After induction After ASCT

PFS OS Reference
≥PR %

≥VGPR
%

CR % ≥PR %
≥VGPR

%
CR %

VD vs.
VAD

223
218

78.5
63

38
15

15
6

80
77

54
37

35
18

Median
36 mos
30 mos
P=0.06

3-year
81%
77%
P=0.5

Harousseau
2010

IFM 2005-02

VTD vs.
TD

236
238

93
79

62
28

31
11

93
84

82
64

55
41

3-year
68%
56%

P=0.005

3-year
86%
84%

P=0.03

Cavo 2010
GIMEMA-

MMY 3006

VBMCP/VBAD+V vs.
VTD vs.
TD

129
130
127

75
85
62

36
60
29

21
35
14

73
77
58

51
65
40

38
46
24

Median
38 mos
27 mos

Not reach.
P=0.006

Nr
Nr
Nr

Rosinol 2012
PETHEMA/

GEM

PAD vs.
VAD

413
414

78
54

42
14

7
2

88
75

62
36

21
9

Median
35 mos
28 mos
P=0.002

5-year
61%
55%

Sonneveld
2012

HOVON65/
GMMG HD4

VD vs.
vtD

99
100

81
88

36
49

31
29

86
89

58
74

22
31

Median
30 mos
26 mos
P=0.22

Nr
nr

Moreau 2011
IFM2007-02

VD: Bortezomib, dexamethasone; VAD: Vincristine, doxorubicin, dexamethasone; VTD: Bortezomib, thalidomide,
dexamethasone; TD: Thalidomide,dexamethasone; VBMCP/VBAD+V: Vincristine, carmustine, melphalan,cyclophospha‐
mide, prednisone/ vincristine, carmustine, doxorubicin, dexamethasone + bortezomib; PAD: Bortezomib, doxorubicin,
dexamethasone; vtD: Reduced dose bortezomib, reduced dose thalidomide, dexamethasone; mos: months

Table 2. Phase III studies of bortezomib-based regimens in preparation for HDT-ASCT
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Bortezomib has become an important component of therapy for patients with high risk MM
associated with del13q and t(4;14) (Richardson et al., 2005; Jagannath et al., 2007). Bortezomib
has also proven effective in management of MM patients with renal dysfunction. It has been
suggested that in patients with acute renal failure secondary to light chain cast nephropathy
VTD can be first choice due to lack of nephrotoxicity. The Mayo Clinic recommends plasma
exchange until serum free light chain (FLC)<50 mg/dl and repeated as needed until VTD is
fully effective (Rajkumar et al., 2011). Bortezomib is also beneficial for individuals with
significant disease related bone-disease due to its inhibitory effect on osteoclastogenesis and
stimulatory effect on osteoblast differentiation and proliferation (Zavrski et al., 2005).

Regimen
Progression free survival Reference

Overall del13q t(4;14) del(17p)

VD + R ± R vs.

VAD + R ± R

36 mos (median)

30 mos (median)

nr

nr

28mos (median)

16mos (median)

14mos (median)

nr
Avet-Loiseau 2010

PAD + Bort vs.

VAD + T

48% (at 3-yr)

40% (at 3-yr)

40% (at 3-yr)

29% (at 3-yr)

28% (at 3-yr)

20% (at 3-yr)

22% (at 3-yr)

16% (at 3-yr)
Sonneveld 2010

VTD + VTD vs.

TD + TD

68% (at 3-yr)

56% (at 3-yr)

62% (at 3-yr)

46% (at 3-yr)

69% (at 3-yr)

37% (at 3-yr)

nr

nr
Cavo 2010

Table 3. Impact of bortezomib incorporated into ASCT on PFS according to cytogenetic abnormalities (Cavo 2012)

2.3. Lenalidomide–based regimens

Lenalidomide is another IMID and has more potent in vitro activity; inhibition of angiogenesis,
cytokine modulation and T-cell costimulation than thalidomide (Hideshima et al., 2000 ;
Haslett et al., 2003). Lenalidomide primarily triggers the caspase-8 mediated apoptotic
pathway and also down-regulates NF-KB activity via a mechanism distinct from bortezomib
(Mitsiades et al., 2002). Lenalidomide alone (R) or with dexamethasone (RD) has shown
significant activity in relapsed/refractory MM. Responses were observed even in patients in
whom thalidomide therapy has previously failed (Richardson et al., 2002). Several phase II
studies of lenalidomide and dexamethasone +/- chemotherapy have demonstrated response
rates ranging 76-91% (Table-4). In a randomized controlled trial lenalidomide plus high dose
dexamethasone (RD) (480 mg/28d cycle) was compared with lenalidomide plus low dose
dexamethasone (Rd) (160 mg/28d cycle). Patient enrollment to study was not restricted with
age or eligibility for ASCT. In each group lenalidomide was administered as 25 mg/d on 1-21
days. In accordance with others, this study demonstrated that lenalidomide in combination
with dexamethasone is an efficient initial therapy for MM. Although RD produced higher
response rates, this did not result in superior TTP, PFS or OS compared with Rd. The cause of
inferior OS with high dose dexamethasone seems to be related to increased deaths due to
toxicity, particularly in first 4 months and in eldely patients. The major grade 3 or higher
toxicities including thromboembolic events and infections were significantly higher in the high
dose dexamethasone group (Rajkumar et al., 2010). The multicenter, placebo controlled SWOG
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These studies demonstrate that bortezomib-based induction studies produce high response
rates (≥ PR; 78%-93% and CR 7%-35%) without any adverse effect on stem cell mobilization
(Harousseau et al., 2010; Cavo et al.,2010; Rosinol et al., 2012; Sonneveld et al.,2012; Moreau et
al., 2010). However, neurotoxicity is a major concern especially when bortezomib is combined
with thalidomide. Neurotoxicity can be reduced by reducing bortezomib dose once weekly
without affecting the efficacy or by using subcutenous bortezomib (Mateos et al., 2010).
Moreover, Moreau et al. used reduced doses of bortezomib (1 mg/m2) and thalidomide (100
mg/d) in vtD regimen and found that this regimen provided higher VGPR rates compared
with VD and the dose reduction of both drugs could resulted in reduced incidence of poly‐
neuropathy (Moreau et al., 2011). Major bortezomib toxicities and the summary of the
supportive care guidelines regarding the approach to emerging PNP is given in tables 7 and
8, respectively (Bird et al.,2011).

Regimen N

After induction After ASCT

PFS OS Reference
≥PR %

≥VGPR
%

CR % ≥PR %
≥VGPR

%
CR %

VD vs.
VAD

223
218

78.5
63

38
15

15
6

80
77

54
37

35
18

Median
36 mos
30 mos
P=0.06

3-year
81%
77%
P=0.5

Harousseau
2010

IFM 2005-02

VTD vs.
TD

236
238

93
79

62
28

31
11

93
84

82
64

55
41

3-year
68%
56%

P=0.005

3-year
86%
84%

P=0.03

Cavo 2010
GIMEMA-

MMY 3006

VBMCP/VBAD+V vs.
VTD vs.
TD

129
130
127

75
85
62

36
60
29

21
35
14

73
77
58

51
65
40

38
46
24

Median
38 mos
27 mos

Not reach.
P=0.006

Nr
Nr
Nr

Rosinol 2012
PETHEMA/

GEM

PAD vs.
VAD

413
414

78
54

42
14

7
2

88
75

62
36

21
9

Median
35 mos
28 mos
P=0.002

5-year
61%
55%

Sonneveld
2012

HOVON65/
GMMG HD4

VD vs.
vtD

99
100

81
88

36
49

31
29

86
89

58
74

22
31

Median
30 mos
26 mos
P=0.22

Nr
nr

Moreau 2011
IFM2007-02

VD: Bortezomib, dexamethasone; VAD: Vincristine, doxorubicin, dexamethasone; VTD: Bortezomib, thalidomide,
dexamethasone; TD: Thalidomide,dexamethasone; VBMCP/VBAD+V: Vincristine, carmustine, melphalan,cyclophospha‐
mide, prednisone/ vincristine, carmustine, doxorubicin, dexamethasone + bortezomib; PAD: Bortezomib, doxorubicin,
dexamethasone; vtD: Reduced dose bortezomib, reduced dose thalidomide, dexamethasone; mos: months

Table 2. Phase III studies of bortezomib-based regimens in preparation for HDT-ASCT
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Bortezomib has become an important component of therapy for patients with high risk MM
associated with del13q and t(4;14) (Richardson et al., 2005; Jagannath et al., 2007). Bortezomib
has also proven effective in management of MM patients with renal dysfunction. It has been
suggested that in patients with acute renal failure secondary to light chain cast nephropathy
VTD can be first choice due to lack of nephrotoxicity. The Mayo Clinic recommends plasma
exchange until serum free light chain (FLC)<50 mg/dl and repeated as needed until VTD is
fully effective (Rajkumar et al., 2011). Bortezomib is also beneficial for individuals with
significant disease related bone-disease due to its inhibitory effect on osteoclastogenesis and
stimulatory effect on osteoblast differentiation and proliferation (Zavrski et al., 2005).

Regimen
Progression free survival Reference

Overall del13q t(4;14) del(17p)

VD + R ± R vs.

VAD + R ± R

36 mos (median)

30 mos (median)

nr

nr

28mos (median)

16mos (median)

14mos (median)

nr
Avet-Loiseau 2010

PAD + Bort vs.

VAD + T

48% (at 3-yr)

40% (at 3-yr)

40% (at 3-yr)

29% (at 3-yr)

28% (at 3-yr)

20% (at 3-yr)

22% (at 3-yr)

16% (at 3-yr)
Sonneveld 2010

VTD + VTD vs.

TD + TD

68% (at 3-yr)

56% (at 3-yr)

62% (at 3-yr)

46% (at 3-yr)

69% (at 3-yr)

37% (at 3-yr)

nr

nr
Cavo 2010

Table 3. Impact of bortezomib incorporated into ASCT on PFS according to cytogenetic abnormalities (Cavo 2012)

2.3. Lenalidomide–based regimens

Lenalidomide is another IMID and has more potent in vitro activity; inhibition of angiogenesis,
cytokine modulation and T-cell costimulation than thalidomide (Hideshima et al., 2000 ;
Haslett et al., 2003). Lenalidomide primarily triggers the caspase-8 mediated apoptotic
pathway and also down-regulates NF-KB activity via a mechanism distinct from bortezomib
(Mitsiades et al., 2002). Lenalidomide alone (R) or with dexamethasone (RD) has shown
significant activity in relapsed/refractory MM. Responses were observed even in patients in
whom thalidomide therapy has previously failed (Richardson et al., 2002). Several phase II
studies of lenalidomide and dexamethasone +/- chemotherapy have demonstrated response
rates ranging 76-91% (Table-4). In a randomized controlled trial lenalidomide plus high dose
dexamethasone (RD) (480 mg/28d cycle) was compared with lenalidomide plus low dose
dexamethasone (Rd) (160 mg/28d cycle). Patient enrollment to study was not restricted with
age or eligibility for ASCT. In each group lenalidomide was administered as 25 mg/d on 1-21
days. In accordance with others, this study demonstrated that lenalidomide in combination
with dexamethasone is an efficient initial therapy for MM. Although RD produced higher
response rates, this did not result in superior TTP, PFS or OS compared with Rd. The cause of
inferior OS with high dose dexamethasone seems to be related to increased deaths due to
toxicity, particularly in first 4 months and in eldely patients. The major grade 3 or higher
toxicities including thromboembolic events and infections were significantly higher in the high
dose dexamethasone group (Rajkumar et al., 2010). The multicenter, placebo controlled SWOG
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trial has confirmed the superiority of lenalidomide in combination with dexamethasone over
dexamethasone alone as initial therapy of MM in terms of response rate and PFS but not in
OS. This study received early closure and open-label lenalidomide and dexamethasone was
made available to all patients (Zonder et al., 2010). In a retrospective case-control study, RD
produced better responses than TD including superior PFS and OS. However, this study was
not a randomized trial and the choice of post-induction therapy was not standardized (Gay et
al., 2010a). Claritromycin is an antibiotic that has shown efficacy in association with steroids
and both thalidomide and lenalidomide. The same investigators added clarithromycin (Bioxin)
to Rd(BiRd) and compared with Rd in a case-match study. The have reported significantly
better responses with BiRd and the PFS was significantly longer. However, 3- year OS was not
statistically different between the two study arms (Gay et al., 2010).

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). It is suggested that stem cells should be collected within 6 months of
initiation of lenalidomide therapy and the IMWG recommends that patients >65 years or
patients who have received ≥ 4 cycles Rd must undergo stem cell mobilization with cyclo‐
phosphamide + G-CSF or G-CSF + plerixafor (Kumar 2007; Kumar 2009). Dose reduction is
required in presence of renal impairment. Patients may require thromboprophylaxis due to
higher incidence of thromboembolic events. Major lenalidomide toxicities are summarized in
table-10 (Bird et al., 2011).

2.4. Novel agent triplet combinations

To enhance response rates and prolong PFS combination of Bortezomib with an IMID has been
attempted. Bortezomib-thalidomide-dexamethasone (VTD) resulted better response rates and
PFS compared to TD or VD in initial randomized trials (Wang et al., 2005; Cavo et al., 2009).
In a Phase III study of VTD compared with TD as induction before and consolidation after
double ASCT, VTD was superior to TD in all response categories (CR/n CR; 31% vs 11% ;
≥VGPR; 62% vs 28%) as well as the 3 year estimated PFS (68% vs 56%). Progression free survival
was also superior with VTD compared to TD in poor prognostic groups including del13q,
increased LDH, age>60 years, t(4;14) ± del17p, increased bone marrow plasma cell ratio and
ISS-II and III (Cavo et al., 2010). The results of the PETHEMA/GEM study also provided a
strong support to VTD as a highly effective induction regimen compared with a combination
chemotherapy containing bortezomib and with TD. Additionally, VTD resulted in a higher
post-transplantation CR rate and a significantly longer PFS. However, this did not result in a
significant prolongation of OS and could not overcome poor prognosis of high-risk cytoge‐
netics (Rosinol et al., 2012).

Synergy has been demonstrated between bortezomib and lenalidomide. Moreover, both
bortezomib and immunomodulatory drugs enhance the activity of dexamethasone. In a phase
I study combining these three agents (RVD) in patients with newly diagnosed MM, the
maximum tolerated dose was set as lenalidomide 25mg/day, bortezomib 1.3mg/m2, dexame‐
thasone 20mg/day and in phase II portion of the same study, 100% response rate (≥PR) could
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be obtained with ≥VGPR and CR rates 74% and 37%, respectively. This was the first study to
result in 100% response rate. The 18-month PFS and OS were 75% and 97%, respectively
(Richardson et al., 2010).

In phase II trials the most promising combinations were either lenalidomide or cyclophos‐
phamide with bortezomib and dexamethasone. A phase II study of four-drug combination
VDCR, VDR, VDC and VDC-mod (modification of the cyclophosphamide dose ) was per‐
formed to evaluate the feasibility and activity of these combinations. The response seen with
VDCR appear to be similar to those seen with VDR or VDC-mod arms (Table-5). However, the
toxicities with VDCR appear to be more than the other arms, especially hematological toxicity.
This study does not support an advantage of four drug combination (Kumar et al.,2012).

In another phase I/II study RVD was combined with pegylated-doxorubicin (RVDD) and this
regimen was highly active and well-tolerated with response rates ≥PR 96% and 95%, ≥VGPR
57% and 65% after 4 and 8 cycles, respectively (Table-6). After a median 15.5 months follow-
up, PFS and OS were not reached. The estimated 18-month PFS and OS were 80.8% and 98.6%,
respectively. Among patients who proceeded to ASCT and were evaluable for posttransplant
response, response rate further improved reaching 85% of patients ≥VGPR and 61% of those
with CR/n CR at 3 months after ASCT. In patients who continued RVDD beyond 4 cycles,
depth of response further improved reaching 65% ≥VGPR and 35% CR/n CR at the completion
of 8 cycles (Jakuboviak et al., 2011).

Regimen N
After induction

PFS OS Reference
≥PR % ≥VGPR % CR %

RD 34 91 38 6 Rajkumar 2005

RD vs.
Rd 223

222
79
68

42
24

Median
19 mos
25 mos
P=0.026

2-yr
75%
87%

Rajkumar 2010

RD vs.
D 97

95
78
48

3-yr
52%
32%

3-yr
79%
73%

P=0.28

Zonder 2010

RD vs.
TD 228

183
80
61

37.8
15

13.6
3.3

Median
26.7mos
17.1 mos
P=0.036

Median
Notreach
57.2 mos
P=0.018

Gay 2010

BiRd vs.
Rd 72

72
73.6
33

45.8
13.9

Median
48.3 mos
27.5 mos
P=0.044

Median
89.7%
73%

P=0.170

Gay 2010
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be obtained with ≥VGPR and CR rates 74% and 37%, respectively. This was the first study to
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respectively. Among patients who proceeded to ASCT and were evaluable for posttransplant
response, response rate further improved reaching 85% of patients ≥VGPR and 61% of those
with CR/n CR at 3 months after ASCT. In patients who continued RVDD beyond 4 cycles,
depth of response further improved reaching 65% ≥VGPR and 35% CR/n CR at the completion
of 8 cycles (Jakuboviak et al., 2011).
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VDCR

N=39

VDR

N=36

VDC

N=31

VDC-mod

N=16

After 4 cycles

CR

≥VGPR

≥PR

5%

33%

80%

7%

32%

73%

3%

13%

63%

12%

41%

82%

Best response across all cycles (median=6

cycles)

CR

≥VGPR

≥PR

25%

58%

88%

24%

51%

85%

22%

41%

75%

47%

53%

100%

1-yr PFS 86% 83% 93% 100%

After censoring patients going to ASCT

1-yr PFS

1-yr OS

83%

92%

68%

100%

97%

100%

100%

100%

Patients who undergo ASCT

1-yr PFS

1-yr OS

100%

100%

100%

100%

88%

100%

100%

100%

Table 5. Results of EVOLUTION Study comparing bortezomib-based multi-drug combinations

N
Best response after induction (%)

Reference
≥PR ≥ VGPR CR

RVD 66 100 67 39 Richardson 2010

VDCR vs.

VDR vs.

VDC vs.

VDC-mod

39

36

31

16

88

85

75

100

58

51

41

53

25

24

22

47

Kumar 2012

RVDD

After 4 cycles

After 8 cycles 74

96

95

57

65

29

35

Jakubowiak 2011

Table 6. Phase II Trials of triplet or quadruplet lenalidomide-based induction

Thalidomide Lenalidomide Bortezomib

Venous thromboembolism Cytopenias Peripheral neuropathy

Sensory peripheral neuropathy Venous thromboembolism Gastrointestinal toxicity

Constipation Constipation
Postural hypotension and pre-syncope

secondary to autonomic neuropathy
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Thalidomide Lenalidomide Bortezomib

Hematological toxicity Fatigue Thrombocytopenia

Somnolence Neuropathy Fatigue

Rashes Skin rash
Increased incidence of varicella zoster

infections

Arrhythmias Muscle cramps

Thyroid dysfunction Thyroid dysfunction

Congenital malformations due to

fetal exposure
Diarrhea

Table 7. Major toxicities of novel agents

Grade of neuropathy Bortezomib Thalidomide

Grade 1

Paresthesia, weakness and/or loss of

reflexes without painor loss of function

No action No action

Grade 1 with pain or grade 2

interfering with function but not with

daily activities

Reduce bortezomib dose to 1mg/m2

Reduce thalidomide dose to 50% or

suspend thalidomide until

disappearence of toxicity, then

reinitiate at 50% dose

Grade 2 with pain or grade 3

Suspend bortezomib until

disappearence of toxicity then re-

initiate at 0.7 mg/m2 and administer

once weekly

Suspend thalidomide until

disappearence of toxicity, then

reinitiate at low dose if PNP grade 1

Grade 4 Discontinue Discontinue

Table 8. Guidelines for the management of bortezomib and thalidomide induced PNP

2.5. Conclusions

High dose melphalan supported by autologous stem cell transplantation after novel agent-
based induction regimen is the standard of care for patients younger than 65. The quality of
response achieved with induction regimens before ASCT affect PFS and potentially the OS. In
this regard, the availability of novel anti-myeloma drugs, thalidomide, bortezomib and
lenalidomide has improved the pre-transplantation responses. Recent data suggest that 3-drug
induction regimens, containing at least one novel agent result in better responses than 2-drug
combinations. The results of studies with combinations of VD with either doxorubicin (PAD),
cyclophosphamide (CyBorRd), thalidomide (VTD) or lenalidomide (VRD) have demonstrated
that the responses can be further enhanced and PFS ± OS can be improved. Within the 3-drug
combinations, bortezomib-dexamethasone combined with thalidomide or cyclophospha‐
mide(VTD or VCD) appear to be the most active regimens. So, 3-6 cycles of a triplet bortezomib
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response achieved with induction regimens before ASCT affect PFS and potentially the OS. In
this regard, the availability of novel anti-myeloma drugs, thalidomide, bortezomib and
lenalidomide has improved the pre-transplantation responses. Recent data suggest that 3-drug
induction regimens, containing at least one novel agent result in better responses than 2-drug
combinations. The results of studies with combinations of VD with either doxorubicin (PAD),
cyclophosphamide (CyBorRd), thalidomide (VTD) or lenalidomide (VRD) have demonstrated
that the responses can be further enhanced and PFS ± OS can be improved. Within the 3-drug
combinations, bortezomib-dexamethasone combined with thalidomide or cyclophospha‐
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based regimen should be considered the standard induction for patients eligible for ASCT. The
objective of treatment should be the achievement of a sustained CR with a good quality of life.
Current studies concentrate on best approach to combine available drugs to affect long-term
disease control as well as consolidation and maintenance after ASCT and minimize the long-
term toxicities, especially neurotoxicity. Bortezomib is effective not only in patients with
standard risk disease but also in the presence of high risk cytogenetic abnormalities especially
in presence of t(4;14). Current question under evaluation is whether to apply or delay ASCT
when a CR is achieved with a novel agent induction treatment.

3. Induction therapy for patients ineligible for HDT–ASCT

Melphalan was the first alkylating agent used for treatment of MM and melphalan –prednisone
(MP) has been the standard therapy for over 30 years although it yielded only PR in 40-60%
of patients with CR <5% and PFS about 18 months and OS 2-3 years. Trials comparing MP with
high dose dexamethasone-based combinations revealed no survival advantage (Mateos et al.,
2012). During the last decade, with the emergence of novel agents and the studies revealing
the importance of achieving VGPR/CR on survival of myeloma patients, the historical goals
of induction have changed to achieving a high quality response in elderly patients as well.

3.1. Bendamustine

Bendamustine is a novel bifunctional drug which has similarities to both alkylating agents and
purine analogs. It has promising activity in low grade lymphoid malignancies. The East
German Study Group conducted a phase III trial comparing bendamustine and prednisone
(BP) with standard MP in previously untreated patients with MM who are ineligible for
transplantation. Bendamustine –prednisone was superior to MP with respect to CR rate (32%
vs 13%, p=0.007) and TTF (14 mos vs 10 mos, p=0.02). There was no significant difference with
regard to OS between the two treatment groups and the toxicity profile was comparable
(Pönisch et al., 2006). Mainly based on the results of this study, bendamustine is currently
approved for treatment of newly diagnosed MM patients who are not candidates for HDT-
ASCT and who can not receive thalidomide or bortezomib due to peripheral neuropathy. The
same investigators in a recent study demonstrated that bendamustine in combination with
bortezomib and prednisone (BPV) is also effective in patients with newly diagnosed MM and
renal failure. Eighty-three percent of the patients treated with this protocol responded to
therapy and 72% had their renal function improved after treatment (Pönisch et al., 2012).

3.2. Thalidomide–based regimens

Thalidomide incorporated in to the MP regimen (MPT) has been compared with the standard
MP regimen in six randomized phase III studies. Each protocol had some minor differences in
their schedules which is shown in table-9. The overall response rate (57%-76%) with MPT was
significantly higher than MP (31%-48%).The CR rates with MPT ranged between 7%-13%, one
study reported ≥ VGPR rate as 27%. In the IFM-I/II studies and in HOVON study, the prolon‐
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gation in the PFS with MPT was also translated in to OS advantage (Facon et al., 2007; Hulin
et al., 2009; Wijermans et al., 2010). Despite in the other three studies the PFS advantage was
not translated into OS advantage (Palumbo et al., 2008; Waage et al., 2010; Beksac et al., 2011),
a metaanalysis of the pooled data of 1682 patients from these six trials showed that the addition
of thalidomide to MP improves OS and PFS in previously untreated elderly patients with
multiple myeloma, extending the median survival time by on average 20%. In this metaanal‐
ysis, median PFS was prolonged by 5.4 months (HR 0.67 (0.55-0.80) p<0.0001) and the median
OS was prolonged 6.6 months (HR 0.82 (0.66-1.02) p=0.004) (Fayers et al., 2011). This improve‐
ment was less pronounced in patients aged ≥ 75 years and no favorable effect of thalidomide
on OS in this population could be demonstrated. The most frequent grade 3-4 adverse events
with MPT protocol were polyneuropathy (6-23%) and VTE (3-12%), infections (10-13%),
cardiac complications (2-7%), gastrointestinal events (5%). The discontinuation rate ranged
16-45% (Hulin et al., 2009; Wijermans et al., 2010; Fayers et al., 2011). Based on these results,
MPT became one of the new standard therapies for elderly patients with newly diagnosed
MM.

Thalidomide-dexamethasone (TD) combination was also compared with MP in 289 elderly
patients with MM. Patients achieving stable disease or better were randomly assigned to
maintenance therapy with either thalidomide 100 mg daily or interferon alpha-2b. Thalido‐
mide-dexamethasone resulted in a higher proportion of ≥VGPR (26% vs 13%; P=.006) and ORR
(68% vs 50%; P=.002) compared with MP. However, PFS was similar (16.7 vs 20.7 months; P=.
1) and OS was significantly shorter in the TD group (41.5 vs 49.4 months; P=.024). Decreased
survival was more evident in patients older than 75 years due to increased non-disease related
deaths during the first year (Ludwig et al., 2009). Combinations with high dose dexamethasone
is not recommended for elderly patients especially those ≥ 75 years due to increased toxicity.
In a randomized MRC Myeloma IX trial, cyclophosphamide, thalidomide and dexamethasone
(CTDa) in which dexamethasone dose was reduced, produced higher response rates than MP
but was not associated with improved PFS and OS. Additionally, CTDa was associated with
higher rates of adverse events compared to MP (Morgan et al., 2011).

3.3. Bortezomib–based regimens

After showing significant efficacy in relapsed-refractory myeloma, bortezomib was also
incorporated into trials for initial therapy of MM in transplant ineligible patients. The clinical
value of adding bortezomib to the standard MP regimen (VMP) was explored in Velcade as
Initial Standard Therapy (VISTA) Study (San Miguel et al., 2008). In this phase III study, 682
newly diagnosed myeloma patients were randomly assigned to receive nine 6-week cycles of
melphalan (9 mg/m2) and prednisone (60 mg/m2) on days 1 to 4, either alone or with borte‐
zomib (1.3 mg/m2) on days 1, 4, 8, 11, 22, 25, 29 and 32 during cycles 1 to 4 and on days 1, 8,
22, and 29 during cycles 5 to 9. Addition of bortezomib to MP significantly improved all
responses, PFS as well as the OS (Table-10). The main adverse events associated with VMP
were neutropenia (40%), thrombocytopenia (37%), peripheral neuropathy (14%), infection
(10%) and gastrointestinal events (7%). A recent update of the VISTA study and a subsequent
study showed that grade 3-4 hematological and non-hematological adverse events in partic‐
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(CTDa) in which dexamethasone dose was reduced, produced higher response rates than MP
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ular PNP as well as discontinuation of the drug was significantly reduced without affecting
the efficacy when once weekly bortezomib schedule was used (Mateos et al., 2010a; Brignhen
et al., 2010). In the VISTA trial, patients with high risk cytogenetic profile had similar response
rate and OS with the patients with standard risk profile suggesting that addition of bortezomib
may overcome the poor prognosis confered to high risk cytogenetics. Another important point
of this study was that first-line bortezomib use did not induce more resistant relapse unlike

Regimen N Schedule ORR% CR%
TTP

(months)

OS

(median)
Reference

MPT+T(until PD)

MP

129

126

M: 4mg/m2, d1-7

P: 40mg/m2, d1-7

T: 100mg/d

6 cycles every 4 wks until

relapse

76

48

16

2.4

22

15

p=0.004

45

47.6

p=0.79

GIMEMA

Palumbo 2008

MPT

MP

No maintenance

125

196

M:0.25mg/kg, d1-4

P: 2mg/kg, d1-4

T:100-400mg/d

12 cycles every 6 wks

76

35

13

2

28

18

52

33

P=0.0006

IFM-I

Facon 2007

MPT

MP

No maintenance

113

116

M:0.20mg/kg, d1-4

P: 2mg/kg, d1-4

T:100mg/d

12 cycles every 6 wks

62

31

7

1

24

19

P=0.001

44

29

P=0.028

IFM-II

Hulin 2009

MPT+T(until PD)

MP

148

179

M:0.25mg/kg, d1-4

P: 100mg/d, d1-4

T:200-400mg/d

Until plateau every 6 wks

Maintenance T 200mg

57

40

13

4

15

14

ns

29

32

ns

NMSG

Waage 2010

MPT+T(until PD)

MP

165

168

M:0.25mg/kg, d1-5

P: 1mg/kg, d1-5

T:200mg/d

8 cycles every 4 wks

Maintenance T 50mg

66

45

27

10

≥VGPR

13

9

P<0.001

PFS

40

31

P=0.05

HOVON

Wijermans 2010

MPT

MP

No maintenance

62

60

M: 9mg/m2, d1-4

P: 60mg/m2, d1-4

T: 100mg/d

8 cycles every 6 wks

58

38

9

9

21

14

P=0.34

DFS

26

28

P=0.65

TMSG

Beksac 2011

M:Melphalan; P:Prednisone; T:Thalidomide; PD:Progressive disease; PFS:Progression free survival; DFS: Disease free
survival; GIMEMA: Italian Myeloma Network IFM: Intergroupe Francophone du Mye´lome; NMSG: Nordic Myeloma Study
Group; HOVON: Dutch-Belgium Hemato-Oncology Cooperative Group; TMSG:Turkish Myeloma Study Group

Table 9. Phase III Studies comparing MPT versus MP for newly diagnosed MM ineligible for HDT-ASCT
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that is seen in thalidomide relapses. The survival data of the VISTA trial was updated at 3 years
and 5 years and the survival benefit of VMP protocol remained significant (Mateos et al.,
2010a; San Miguel et al., 2011). A part of the VISTA trial investigated the efficacy of VMP
protocol in renal impairment excluding patients with Cr >2mg/dl. Response rates with VMP
and TTP in both arms did not appear significantly different between patients with GFR ≤ 50
or > 50 mL/min. Moreover, VMP resulted in 44% renal impairment reversal suggesting that
this protocol is also an active and well-tolerated treatment option for patients with moderate
renal impairment (Dimopoulos et al., 2009).

VMP

N=344

MP

N=338
p References

ORR (≥PR) 71% 35% <0.001

San Miguel 2008

CR 30% 4% <0.001

TTP 24 mos 16.6 mos <0.001

OS

Median follow-up 16.3

mos

0.008

HRa=0.61

OS

Median follow-up 36.7

mos

Not reached 43 mos
<0.001

HRa=0.653
Mateos 2010

OS

Median follow-up 60

mos

56.4 mos 43.1 mos
0.0004

HRa=0.695
San Miguel 2011

3-yr OS 68.5% 54%

a Hazard Ratio

Table 10. Results of the VISTA trial and the long-tem follow-up

In the PETHEMA trial Mateos et al. have demonstrated that reduced intensity induction with
a bortezomib based regimen followed by maintenance is a safe and effective treatment. The
investigators compared VMP with VTP (bortezomib, thalidomide, prednisone) as initial
therapy in newly diagnosed patients with MM ineligible for transplantation. In both protocols,
a reduced intensity bortezomib schedule consisting of one cycle of bortezomib twice per week
for 6 weeks followed by five cycles of bortezomib once per week for 5 weeks was used. Patients
who completed the six induction cycles were randomly assigned to maintenance therapy with
bortezomib plus prednisone (VP) or bortezomib plus thalidomide (VT). The response rates
were higher with VTP compared to VMP (CR 28% vs 20% ; ORR 81% vs 80%). Maintenance
with VT significantly improved time to progression compared with that for patients who
received VP. The support to better response rates with VTP also came from the initial results
of UPFRONT study which compared VD, VTD and VMP and revealed better response rates
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ular PNP as well as discontinuation of the drug was significantly reduced without affecting
the efficacy when once weekly bortezomib schedule was used (Mateos et al., 2010a; Brignhen
et al., 2010). In the VISTA trial, patients with high risk cytogenetic profile had similar response
rate and OS with the patients with standard risk profile suggesting that addition of bortezomib
may overcome the poor prognosis confered to high risk cytogenetics. Another important point
of this study was that first-line bortezomib use did not induce more resistant relapse unlike
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(median)
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6 cycles every 4 wks until
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12 cycles every 6 wks
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52
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P=0.0006

IFM-I

Facon 2007
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MP

No maintenance

113

116

M:0.20mg/kg, d1-4

P: 2mg/kg, d1-4

T:100mg/d

12 cycles every 6 wks

62

31

7

1

24

19

P=0.001

44

29

P=0.028

IFM-II

Hulin 2009

MPT+T(until PD)

MP
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179

M:0.25mg/kg, d1-4

P: 100mg/d, d1-4

T:200-400mg/d

Until plateau every 6 wks

Maintenance T 200mg

57

40

13

4

15

14

ns

29

32

ns

NMSG

Waage 2010

MPT+T(until PD)

MP

165

168

M:0.25mg/kg, d1-5

P: 1mg/kg, d1-5

T:200mg/d

8 cycles every 4 wks

Maintenance T 50mg

66

45

27

10
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13

9

P<0.001

PFS

40

31

P=0.05

HOVON

Wijermans 2010

MPT

MP

No maintenance

62
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M: 9mg/m2, d1-4
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T: 100mg/d

8 cycles every 6 wks

58

38

9

9

21
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P=0.34

DFS

26

28

P=0.65

TMSG

Beksac 2011

M:Melphalan; P:Prednisone; T:Thalidomide; PD:Progressive disease; PFS:Progression free survival; DFS: Disease free
survival; GIMEMA: Italian Myeloma Network IFM: Intergroupe Francophone du Mye´lome; NMSG: Nordic Myeloma Study
Group; HOVON: Dutch-Belgium Hemato-Oncology Cooperative Group; TMSG:Turkish Myeloma Study Group

Table 9. Phase III Studies comparing MPT versus MP for newly diagnosed MM ineligible for HDT-ASCT
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that is seen in thalidomide relapses. The survival data of the VISTA trial was updated at 3 years
and 5 years and the survival benefit of VMP protocol remained significant (Mateos et al.,
2010a; San Miguel et al., 2011). A part of the VISTA trial investigated the efficacy of VMP
protocol in renal impairment excluding patients with Cr >2mg/dl. Response rates with VMP
and TTP in both arms did not appear significantly different between patients with GFR ≤ 50
or > 50 mL/min. Moreover, VMP resulted in 44% renal impairment reversal suggesting that
this protocol is also an active and well-tolerated treatment option for patients with moderate
renal impairment (Dimopoulos et al., 2009).

VMP

N=344

MP

N=338
p References

ORR (≥PR) 71% 35% <0.001

San Miguel 2008

CR 30% 4% <0.001

TTP 24 mos 16.6 mos <0.001

OS

Median follow-up 16.3

mos

0.008

HRa=0.61

OS

Median follow-up 36.7

mos

Not reached 43 mos
<0.001

HRa=0.653
Mateos 2010

OS

Median follow-up 60

mos

56.4 mos 43.1 mos
0.0004

HRa=0.695
San Miguel 2011

3-yr OS 68.5% 54%

a Hazard Ratio

Table 10. Results of the VISTA trial and the long-tem follow-up

In the PETHEMA trial Mateos et al. have demonstrated that reduced intensity induction with
a bortezomib based regimen followed by maintenance is a safe and effective treatment. The
investigators compared VMP with VTP (bortezomib, thalidomide, prednisone) as initial
therapy in newly diagnosed patients with MM ineligible for transplantation. In both protocols,
a reduced intensity bortezomib schedule consisting of one cycle of bortezomib twice per week
for 6 weeks followed by five cycles of bortezomib once per week for 5 weeks was used. Patients
who completed the six induction cycles were randomly assigned to maintenance therapy with
bortezomib plus prednisone (VP) or bortezomib plus thalidomide (VT). The response rates
were higher with VTP compared to VMP (CR 28% vs 20% ; ORR 81% vs 80%). Maintenance
with VT significantly improved time to progression compared with that for patients who
received VP. The support to better response rates with VTP also came from the initial results
of UPFRONT study which compared VD, VTD and VMP and revealed better response rates
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with VTD (Table-11). On the other hand, in both studies patients treated with VTP had more
frequent serious adverse events especially PNP and thrombosis (Mateos et al., 2010b; Nieviz‐
sky et al., 2011). Combining four drugs (bortezomib, melphalan, prednisone, thalidomide)
followed by maintenance with bortezomib-thalidomide (VMPT-VT) was superior to VMP
alone in patients with MM who are ineligible for autologous stem-cell transplantation. The 3-
years PFS was also improved with VMPT-VT. However, no significant difference in 3-year OS
was observed. Additionally, grade 3 to 4 neutropenia, cardiologic events and thromboembolic
events were more frequent among patients assigned to the VMPT-VT group than among those
assigned to the VMP group (Palumbo et al., 2010). Due to significantly increased adverse events
with 4-drug regimen, VMP or MPT are better alternatives for induction of elderly myeloma
patients.

N
ORR % CR %

After induction
PFS OS Reference

VMP

VTP

maintenance VP or VT

130

130

80

81

20

28

37 mos

32 mos

60mos median

5-yr 53%
Mateos 2010

VMPT + VT

VMP + no maintenance 254

257

89

81

38

24

P<0.001

3-year

56%

41% p=0.008

3-year

89%

87%

p=0.77

Palumbo 2010

VD

VTD

VMP

168

167

167

73

80

69

24

36

31

NA NA Nievizsky 2011

VD:Bortezomib dexamethasone; VTD: Bortezimib, thalidomide, dexamethasone; VMP: Bortezomib, melphalan,
prednisone; VT: Bortezomib, thalidomide; mos: months; NA: Not available

Table 11. Phase III Studies comparing bortezomib containing regimens

3.4. Lenalidomide–based regimens

In a randomized controlled trial lenalidomide (25 mg/d on d 1-21) plus high dose dexametha‐
sone (480 mg/28d cycle) (RD) produced higher response rates compared with lenalidomide
(25 mg/d on d 1-21) plus low dose dexamethasone (Rd) (160 mg/28d cycle). However, this did
not translate into superior PFS (Median 19.1 months vs 25.3 months). Moreover, Rd was
associated with significantly improved 1-year OS than with RD (96% vs 87%, p=0.0002) and
treatment related toxicity was significantly reduced. The cause of inferior OS with high dose
dexamethasone seems to be related to increased deaths due to toxicity particularly in first 4
months and in elderly patients. Hence, the advantages of Rd over RD were more pronounced
in patients aged > 70 years (Rajkumar et al.,2010; Zonder et al., 2010). A recent double-blind,
multicenter, randomized study compared melphalan-prednisone-lenalidomide induction
followed by lenalidomide maintenance (MPR-R) with melphalan-prednisone-lenalidomide
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(MPR) or melphalan-prednisone (MP) followed by placebo. Response rates were superior with
MPR-R compared with MPR or MP (ORR, 77% vs 68% vs 50%; CR, 18% vs 13% vs 5%;
respectively). MPR-R significantly prolonged PFS in patients with newly diagnosed multiple
myeloma who were ineligible for transplantation, with the greatest benefit observed in patients
65 to 75 years of age. This study also underlines the importance of lenalidomide maintenance
after MPR induction as another treatment option for elderly myeloma patients The toxicity
profile was excessive for frail patients, which negatively affected the efficacy. Main grade 3-4
adverse events of MPR were neutropenia (52-71%), thrombocytopenia (23-38%), infections
(10%) and thromboembolism (5%)(Palumbo et al., 2012).

Various circumstances Suggestions

Rapid reversal of spinal cord compression or renal

impairment
Bortezomib

Pre-existing neuropathy Lenalidomide (MPR, Rd) or bendamustin (BP)

History of venous thromboembolism Bortezomib

In cases with renal failure

Thalidomide, bortezomib, bendamustin can be

administered at full dose, Lenalidomide requires dose

reduction according to creatinin clearence

Contraindications to use of alkyllating agents such as

presence myelodysplasia or increased risk of

myelosuppression

TD or VD can be used instead of MP

Frail patients Prednisone is beter tolerated than dexamethasone

Table 12. Individualized treatment strategies for non-transplant candidate patients

It is clear that the novel agents have prolonged the survival of patients with MM. However,
this benefit is more pronounced in younger patients. Age has been reported to be a negative
prognostic factor. It is not because the elderly patients have biologically different disease but
because they can not tolerate high intensity therapy protocols, have lower bone marrow
reserves, increased tendency for infections and also difficulty in recovering from infections
and have more frequent drug toxicities. A patient’s overall physical condition, fraility,
comorbidity and disability should be asessed before starting therapy in order to choose the
appropriate treatment protocol and dosing. These terms are fully explained in a review by
Palumbo et al (Palumbo A et al. 2011). Although the novel agents offer important survival for
patients with MM, the incidence of grade 3-4 adverse events and drug discontinuations are
significantly higher with combination regimens that are based on novel agents than with
traditional chemotherapy regimens. It has been suggested that modifying drug doses at the
start of therapy and management of adverse events during the therapy improves tolerability
so that the patients can receive the drugs for a longer time to get survival benefit. Secondly,
the tolerability of treatment can be further improved with full supportive therapy with
bisphosphanates, antivirals, anticoagulants, growth factors and appropriate pain control.
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with VTD (Table-11). On the other hand, in both studies patients treated with VTP had more
frequent serious adverse events especially PNP and thrombosis (Mateos et al., 2010b; Nieviz‐
sky et al., 2011). Combining four drugs (bortezomib, melphalan, prednisone, thalidomide)
followed by maintenance with bortezomib-thalidomide (VMPT-VT) was superior to VMP
alone in patients with MM who are ineligible for autologous stem-cell transplantation. The 3-
years PFS was also improved with VMPT-VT. However, no significant difference in 3-year OS
was observed. Additionally, grade 3 to 4 neutropenia, cardiologic events and thromboembolic
events were more frequent among patients assigned to the VMPT-VT group than among those
assigned to the VMP group (Palumbo et al., 2010). Due to significantly increased adverse events
with 4-drug regimen, VMP or MPT are better alternatives for induction of elderly myeloma
patients.

N
ORR % CR %

After induction
PFS OS Reference

VMP

VTP

maintenance VP or VT

130

130

80

81

20

28

37 mos

32 mos

60mos median

5-yr 53%
Mateos 2010

VMPT + VT

VMP + no maintenance 254

257

89

81

38

24

P<0.001

3-year

56%

41% p=0.008

3-year

89%

87%

p=0.77

Palumbo 2010
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24

36
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VD:Bortezomib dexamethasone; VTD: Bortezimib, thalidomide, dexamethasone; VMP: Bortezomib, melphalan,
prednisone; VT: Bortezomib, thalidomide; mos: months; NA: Not available

Table 11. Phase III Studies comparing bortezomib containing regimens

3.4. Lenalidomide–based regimens

In a randomized controlled trial lenalidomide (25 mg/d on d 1-21) plus high dose dexametha‐
sone (480 mg/28d cycle) (RD) produced higher response rates compared with lenalidomide
(25 mg/d on d 1-21) plus low dose dexamethasone (Rd) (160 mg/28d cycle). However, this did
not translate into superior PFS (Median 19.1 months vs 25.3 months). Moreover, Rd was
associated with significantly improved 1-year OS than with RD (96% vs 87%, p=0.0002) and
treatment related toxicity was significantly reduced. The cause of inferior OS with high dose
dexamethasone seems to be related to increased deaths due to toxicity particularly in first 4
months and in elderly patients. Hence, the advantages of Rd over RD were more pronounced
in patients aged > 70 years (Rajkumar et al.,2010; Zonder et al., 2010). A recent double-blind,
multicenter, randomized study compared melphalan-prednisone-lenalidomide induction
followed by lenalidomide maintenance (MPR-R) with melphalan-prednisone-lenalidomide
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(MPR) or melphalan-prednisone (MP) followed by placebo. Response rates were superior with
MPR-R compared with MPR or MP (ORR, 77% vs 68% vs 50%; CR, 18% vs 13% vs 5%;
respectively). MPR-R significantly prolonged PFS in patients with newly diagnosed multiple
myeloma who were ineligible for transplantation, with the greatest benefit observed in patients
65 to 75 years of age. This study also underlines the importance of lenalidomide maintenance
after MPR induction as another treatment option for elderly myeloma patients The toxicity
profile was excessive for frail patients, which negatively affected the efficacy. Main grade 3-4
adverse events of MPR were neutropenia (52-71%), thrombocytopenia (23-38%), infections
(10%) and thromboembolism (5%)(Palumbo et al., 2012).

Various circumstances Suggestions

Rapid reversal of spinal cord compression or renal

impairment
Bortezomib

Pre-existing neuropathy Lenalidomide (MPR, Rd) or bendamustin (BP)

History of venous thromboembolism Bortezomib

In cases with renal failure

Thalidomide, bortezomib, bendamustin can be

administered at full dose, Lenalidomide requires dose

reduction according to creatinin clearence

Contraindications to use of alkyllating agents such as

presence myelodysplasia or increased risk of

myelosuppression

TD or VD can be used instead of MP

Frail patients Prednisone is beter tolerated than dexamethasone

Table 12. Individualized treatment strategies for non-transplant candidate patients

It is clear that the novel agents have prolonged the survival of patients with MM. However,
this benefit is more pronounced in younger patients. Age has been reported to be a negative
prognostic factor. It is not because the elderly patients have biologically different disease but
because they can not tolerate high intensity therapy protocols, have lower bone marrow
reserves, increased tendency for infections and also difficulty in recovering from infections
and have more frequent drug toxicities. A patient’s overall physical condition, fraility,
comorbidity and disability should be asessed before starting therapy in order to choose the
appropriate treatment protocol and dosing. These terms are fully explained in a review by
Palumbo et al (Palumbo A et al. 2011). Although the novel agents offer important survival for
patients with MM, the incidence of grade 3-4 adverse events and drug discontinuations are
significantly higher with combination regimens that are based on novel agents than with
traditional chemotherapy regimens. It has been suggested that modifying drug doses at the
start of therapy and management of adverse events during the therapy improves tolerability
so that the patients can receive the drugs for a longer time to get survival benefit. Secondly,
the tolerability of treatment can be further improved with full supportive therapy with
bisphosphanates, antivirals, anticoagulants, growth factors and appropriate pain control.
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3.5. Conclusions

At present, the induction regimen for patients ineligible for HDT/ASCT is either MP or high/
lower dose of Dexamethasone combined with one of the three novel agents (thalidomide
or  bortezomib  or  lenalidomide).  Selection  between  these  combinations  depends  on  the
patients’  presenting symptoms such as presence of neuropathy, renal impairment or the
rapidity  required  to  reverse  the  symptoms.  In  countries  where  lenalidomide  is  not  yet
allowed as  first  line  therapy,  induction  can  be  started  with  thalidomide  or  bortezomib
containing triple regimens and in case of unresponsiveness or intolerability, lenalidomide
can  be  used  as  second  line  therapy.  Fraility,  comorbidity  and  disability  of  the  elderly
patients should be taken into account before choosing the induction protocol and appropri‐
ate dose reductions should be done. Thus, the treatment should be individualized. Melpha‐
lan-based  regimens  are  used  for  a  fixed  duration  (9-18  months)  and  then  observed.
However,  the  duration  of  treatment  with  revlimid  (Rd)  is  unclear  either  continue  until
relapse or a fixed duration of 18 months has been tested in ongoing phase III trials. Evidence
is now emerging that maintenance or continuous therapy with novel agents is improving
PFS with a potential to improve OS. However, in elderly patients, it is particularly important
to start treatment at a dose that can be tolerated over the long term. Specific recommenda‐
tions yet can not be made regarding the impact of novel treatment regimens on prognosis
of elderly patients with high-risk cytogenetics. Although the Italian study (Palumbo et al.,
2010) suggested some PFS benefit in response to VMPT+VT over VMP regarding the high-
risk cytogenetics, other studies did not confirm this.

Regimen Usual dosing schedule Reference

Melphalan-Prednisone

(MP-7 day Schedule)

Melphalan 8-10 mg oral days 1-7

Prednisone 60mg/d oral days 1-7

Repeated every 6 weeks

Kyle et al., 2004

Thalidomide-Dexamethasone (Td)

Thalidomide 200 mg oral days 1-28

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Rajkumar et al.,

2006

Lenalidomide-Dexamethasone (Rd)

Lenalidomide 25 mg oral days 1-21

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Rajkumar et al.,

2010

Bortezomib –dexamethasone (Vd)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 4 weeks

Harousseau et

al., 2006

Melphalan-Prednisone-Thalidomide

(MPT)
Different MPT protocols are described in table…
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Regimen Usual dosing schedule Reference

Bortezomib-Melphalan-Prednisone

(VMP)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Melphalan 9 mg/ m2 oral days 1-4

Prednisone 60 mg/ m2 oral days 1-4

Repeated every 35 days

San Miguel et

al., 2008

Bortezomib-Thalidomide-

Dexamethasone (VTD)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Thalidomide 100-200 mg oral days 1-21

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 4 weeks

Cavo et al.,

2009

Cyclophosphamide-Bortezomib-

Dexamethasone (CyBorD)

Cyclophosphamide 300mg/ m2 oral days 1,8,15,22

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Reeder et al.,

2009

Bortezomib-Cyclophosphamide-

Dexamethasone (VCD)

Bortezomib 1.3 mg/m2 iv days 1,4,8,11

Cyclophosphamide 900mg/ m2 on day 1 every 3 weeks

Dexamethasone 40 mg on day of and day after bortezomib

Einsele et al.,

2009

Bortezomib-Lenalidomide-

Dexamethasone (VRD)

Bortezomib 1.3 mg/m2 iv days 1,8 and 15

Lenalidomide 25 mg oral days 1-14

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 3 weeks

Richardson et

al., 2010

Bortezomib-Melphalan-Prednisone-

Thalidomide (VMPT)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22 every 35 days

Melphalan 9 mg/ m2 oral days 1-4 every 35 days

Prednisone 60 mg/ m2 oral days 1-4 every 35 days

Thalidomide 50 mg/day

Palumbo et al.,

2010

Melphalan-Prednisone-Lenalidomide

(MPR-R)

Melphalan 0.18 mg/kg on days 1-4 every 4 weeks x 9 cycles

Prednisone 2mg/kg on days 1-4 every 4 weeks x 9 cycles

Lenalidomide 10 mg on days 1-21 then 10mg/d until relapse

Palumbo et al.,

2012

Cyclophosphamide-Thalidomide-

Dexamethasone (atenuated dose)

(CTD a)

Cyclophosphamide 500mg/week

Thalidomide 50 mg/day for 4 weeks, 50 mg increments

every 4 weeks to a maximum 200mg/day

Dexamethasone 20 mg/day on days 1- 4 and 15-18 every 4

weeks

Morgan et al.,

2011

Bortezomib-Lenalidomide-

Dexamethasone-Cyclophosphamide

(VRDC)

Bortezomib 1.3 mg/m2 iv days 1,4,8,11

Lenalidomide 15 mg oral days 1-14

Dexamethasone 40 mg days 1,8,15

Cyclophosphamide 500mg/ m2 days 1,8

Kumar et al.,

2010
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3.5. Conclusions

At present, the induction regimen for patients ineligible for HDT/ASCT is either MP or high/
lower dose of Dexamethasone combined with one of the three novel agents (thalidomide
or  bortezomib  or  lenalidomide).  Selection  between  these  combinations  depends  on  the
patients’  presenting symptoms such as presence of neuropathy, renal impairment or the
rapidity  required  to  reverse  the  symptoms.  In  countries  where  lenalidomide  is  not  yet
allowed as  first  line  therapy,  induction  can  be  started  with  thalidomide  or  bortezomib
containing triple regimens and in case of unresponsiveness or intolerability, lenalidomide
can  be  used  as  second  line  therapy.  Fraility,  comorbidity  and  disability  of  the  elderly
patients should be taken into account before choosing the induction protocol and appropri‐
ate dose reductions should be done. Thus, the treatment should be individualized. Melpha‐
lan-based  regimens  are  used  for  a  fixed  duration  (9-18  months)  and  then  observed.
However,  the  duration  of  treatment  with  revlimid  (Rd)  is  unclear  either  continue  until
relapse or a fixed duration of 18 months has been tested in ongoing phase III trials. Evidence
is now emerging that maintenance or continuous therapy with novel agents is improving
PFS with a potential to improve OS. However, in elderly patients, it is particularly important
to start treatment at a dose that can be tolerated over the long term. Specific recommenda‐
tions yet can not be made regarding the impact of novel treatment regimens on prognosis
of elderly patients with high-risk cytogenetics. Although the Italian study (Palumbo et al.,
2010) suggested some PFS benefit in response to VMPT+VT over VMP regarding the high-
risk cytogenetics, other studies did not confirm this.

Regimen Usual dosing schedule Reference

Melphalan-Prednisone

(MP-7 day Schedule)

Melphalan 8-10 mg oral days 1-7

Prednisone 60mg/d oral days 1-7

Repeated every 6 weeks

Kyle et al., 2004

Thalidomide-Dexamethasone (Td)

Thalidomide 200 mg oral days 1-28

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Rajkumar et al.,

2006

Lenalidomide-Dexamethasone (Rd)

Lenalidomide 25 mg oral days 1-21

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Rajkumar et al.,

2010

Bortezomib –dexamethasone (Vd)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 4 weeks

Harousseau et

al., 2006

Melphalan-Prednisone-Thalidomide

(MPT)
Different MPT protocols are described in table…
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Regimen Usual dosing schedule Reference

Bortezomib-Melphalan-Prednisone

(VMP)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Melphalan 9 mg/ m2 oral days 1-4

Prednisone 60 mg/ m2 oral days 1-4

Repeated every 35 days

San Miguel et

al., 2008

Bortezomib-Thalidomide-

Dexamethasone (VTD)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Thalidomide 100-200 mg oral days 1-21

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 4 weeks

Cavo et al.,

2009

Cyclophosphamide-Bortezomib-

Dexamethasone (CyBorD)

Cyclophosphamide 300mg/ m2 oral days 1,8,15,22

Bortezomib 1.3 mg/m2 iv days 1,8,15,22

Dexamethasone 40 mg oral days 1,8,15,22

Repeated every 4 weeks

Reeder et al.,

2009

Bortezomib-Cyclophosphamide-

Dexamethasone (VCD)

Bortezomib 1.3 mg/m2 iv days 1,4,8,11

Cyclophosphamide 900mg/ m2 on day 1 every 3 weeks

Dexamethasone 40 mg on day of and day after bortezomib

Einsele et al.,

2009

Bortezomib-Lenalidomide-

Dexamethasone (VRD)

Bortezomib 1.3 mg/m2 iv days 1,8 and 15

Lenalidomide 25 mg oral days 1-14

Dexamethasone 20 mg on day of and day after bortezomib

(or 40 mg days 1,8,15,22)

Repeated every 3 weeks

Richardson et

al., 2010

Bortezomib-Melphalan-Prednisone-

Thalidomide (VMPT)

Bortezomib 1.3 mg/m2 iv days 1,8,15,22 every 35 days

Melphalan 9 mg/ m2 oral days 1-4 every 35 days

Prednisone 60 mg/ m2 oral days 1-4 every 35 days

Thalidomide 50 mg/day

Palumbo et al.,

2010

Melphalan-Prednisone-Lenalidomide

(MPR-R)

Melphalan 0.18 mg/kg on days 1-4 every 4 weeks x 9 cycles

Prednisone 2mg/kg on days 1-4 every 4 weeks x 9 cycles

Lenalidomide 10 mg on days 1-21 then 10mg/d until relapse

Palumbo et al.,

2012

Cyclophosphamide-Thalidomide-

Dexamethasone (atenuated dose)

(CTD a)

Cyclophosphamide 500mg/week

Thalidomide 50 mg/day for 4 weeks, 50 mg increments

every 4 weeks to a maximum 200mg/day

Dexamethasone 20 mg/day on days 1- 4 and 15-18 every 4

weeks

Morgan et al.,

2011

Bortezomib-Lenalidomide-

Dexamethasone-Cyclophosphamide

(VRDC)

Bortezomib 1.3 mg/m2 iv days 1,4,8,11

Lenalidomide 15 mg oral days 1-14

Dexamethasone 40 mg days 1,8,15

Cyclophosphamide 500mg/ m2 days 1,8

Kumar et al.,

2010

Table 13. Main treatment protocols in Multiple Myeloma
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1. Introduction

The improvement in the survival of multiple myeloma patients has been attributed to autol‐
ogous stem cell transplantation (ASCT) after induction with novel agents [1,2]. Nevertheless,
ASCT has not been considered to have a curative potential, maintenance treatment seems to
be one of the solutions to decrease the high relapse rates after ASCT [3]. Therefore, allogeneic
stem cell transplantation (Allo-SCT) is a potentially curative approach; the role of allo-SCT is
still an ongoing debate due to high transplant-related mortality and lack of large prospective
randomized studies in the newly diagnosed patients. A retrospective case-matched analysis
was performed comparing myeloma patients treated with Allo-SCT with an equal number of
patients who received ASCT by European Group for Blood and Bone Marrow Transplant
(EBMT) [4]. Overall survival (OS) for the whole patient group was significantly better for the
ASCT group compared with those for allo-SCT (Median survival: 34 months vs 18 months, p=.
001). Therefore, we should answer the question of which patients with multiple myeloma have
to be directed to allo-SCT modality.

Prognosis of myeloma patients have been found strongly associated with their cytogenetic
features and gene expression profiling [5,6]. Increasing data on the poor prognosis of the ‘high
risk myeloma patients’ changed the trends towards to the allo-transplantation in the earlier
period. The Société Française de Greffe de Moelle et de Thérapie Cellulaire evaluated the role
of allo-SCT for cytogenetically high-risk myeloma patients in a retrospective multicenter
analysis [7]. They showed that allo-SCT could potentially be of benefit to the patients carrying
cytogenetic abnormalities such as deletion (del) of (13q), t(4;14), t(14;16) and del(17p) compared
to those without the same abnormalities.

© 2013 Topcuoglu et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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1. Introduction

The improvement in the survival of multiple myeloma patients has been attributed to autol‐
ogous stem cell transplantation (ASCT) after induction with novel agents [1,2]. Nevertheless,
ASCT has not been considered to have a curative potential, maintenance treatment seems to
be one of the solutions to decrease the high relapse rates after ASCT [3]. Therefore, allogeneic
stem cell transplantation (Allo-SCT) is a potentially curative approach; the role of allo-SCT is
still an ongoing debate due to high transplant-related mortality and lack of large prospective
randomized studies in the newly diagnosed patients. A retrospective case-matched analysis
was performed comparing myeloma patients treated with Allo-SCT with an equal number of
patients who received ASCT by European Group for Blood and Bone Marrow Transplant
(EBMT) [4]. Overall survival (OS) for the whole patient group was significantly better for the
ASCT group compared with those for allo-SCT (Median survival: 34 months vs 18 months, p=.
001). Therefore, we should answer the question of which patients with multiple myeloma have
to be directed to allo-SCT modality.

Prognosis of myeloma patients have been found strongly associated with their cytogenetic
features and gene expression profiling [5,6]. Increasing data on the poor prognosis of the ‘high
risk myeloma patients’ changed the trends towards to the allo-transplantation in the earlier
period. The Société Française de Greffe de Moelle et de Thérapie Cellulaire evaluated the role
of allo-SCT for cytogenetically high-risk myeloma patients in a retrospective multicenter
analysis [7]. They showed that allo-SCT could potentially be of benefit to the patients carrying
cytogenetic abnormalities such as deletion (del) of (13q), t(4;14), t(14;16) and del(17p) compared
to those without the same abnormalities.
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In this chapter, we discussed the role of allo-HCT in MM patients, and also we tried to clarify
the issues as the intensity of conditioning regimen, the timing of the transplantation, and post-
transplantation approaches in relapse or refractory patients.

2. The intensity of conditioning regimen

The early data on myeloablative conditioning (MAC) regimen can be obtained from the
transplant registries [8-12]. Cyclophosphamide (Cy) with total body irradiation (Cy-TBI) and
busulfan with Cy were the mostly used conditioning regimens. Transplant-related mortality
(TRM) rates ranged from 30% to 50%. Actuarial survival for the EBMT-registered patients was
28% at 7 years [9], 15 % for the Hutchinson Center–registered patients [10]. IBMTR data showed
that the probabilities of survival at 4 years was 35% for patients with Karnofsky performance
scores higher than 70 at pretransplantation and approximately 15% for patients with scores
lower than 70 [11]. Thus, due to the exceedingly high TRM, myeloablative Allo-SCT was largely
abandoned worldwide in the 1990s.

The use of reduced intensity conditioning (RIC) regimens in allo-SCT was introduced in an
attempt to reduce the regimen-related toxicities while preserving an effect of graft versus
tumor effect. First study was performed in a canine model conditioned with low-dose (2 Gy)
total body irradiation (TBI) in combination of postgrafting mycofenolatemofetil (MMF) and
cyclosporine (CSP). This approach permitted to stable engraftment with minimal toxicity [13,
14]. Seattle group introduced the strategy of autologous SCT followed by a RIC allo-SCT in 2-4
months with low-dose TBI as conditioning regimen [15]. Forty eight percent of 52 multiple
myeloma patients had relapsed or refractory disease prior to SCT and the overall response rate
was 81 % (51% CR + 29% PR). In this tandem modality, the 100-day TRM after the allo-RIC
was 2%, progression free survival (PFS) and overall survival (OS) at 2 years were 48% and
69%, respectively. Preliminary clinical studies [15-25] were also encouraging with low TRM
rates (Table1). Kröger, et al performed tandem auto/Allo-RIC in 17 myeloma patients using
unrelated or mismatched related donors and fludarabine, melphalan, anti-thymocyte globulin
(ATG) as conditioning regimen [16]. Early TRM (day 100) was reported as 11% and estimated
1-year disease free survival (DFS) and OS were 56% and 74%.

One of the largest data related to a RIC-allograft in myeloma was published by the EBMT in
which the outcome of 229 patients with MM from 33 centers was reported [18]. One-year TRM
was 22%, the 3-year estimated PFS and OS were 41% and 21%, respectively. The adverse
outcomes were seen in chemo-resistant disease prior to allo-SCT, transplantation to the pair
of male recipient- female donor, no-chronic GvHD and the use of alemtuzumab.

The EBMT has also retrospectively compared 320 patients allografted a RIC regimen with 196
received a MAC regimen in multiple myeloma. They have reported markedly lower non
relapse mortality in RIC than MAC setting (24% vs 32%, p<.002) [19]. However PFS and OS
were not affected by the intensity of conditioning regimen. This was attributed to higher
relapse rates in RIC group than the MAC group. Progressive disease at transplantation was
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associated with an adverse effect on non-relapse mortality, PFS and OS. T cell depletion with
alemtuzumab or other(s) led to high relapse rates as well.

Long-term follow-up data was reported in a RIC allo-graft for salvage setting of relapse
and/or refractory myeloma patients (Table 1). These data showed that long term remission can
be feasible for a subset of myeloma patients with allo-RIC performed in the salvage setting [21].
Seattle group reported the long term comparison data of RIC and MAC regimens [23].
Although the intensity of regimens changed time dependently, RIC regimens resulted in
significantly lower overall mortality, improved PFS and much lower TRM.

Reference Pa‐

tients

(n)

Me‐

dian

age (y)

Prior

ASCT

(n)

URD

(n)

Regimens GvHD prophy‐

laxis

Acute

GvHDG

rade

II-IV

Chronic

GvHD

TRM/

NRM

CR PFS OS

Maloney

[15]

52 52 52 0 TBI (2 Gy) CSP-MMF 38% 46% 2%

(100 d)

57 % 48 %

(2 y)

69%

(2 y)

Kröger

[16]

17 51 17 8 Fludarabine, Melphalan,

ATG

CSP-MTX 38% 40% 11%

(100 d)

73% 56% (2y) 74% (2y)

Giralt

[17]

22 51 9 9 Fludarabine, Melphalan TAC-MTX 73% 33% 19%

(100 d)

40% (1y)

32% 19%

(2 y)

30%

(2y)

Crawley

[18]

229 52 169 37 Fludarabine, Melphalan or

Busulfan or cyclophospha‐

mide or TBI ± ATG or

Alemtuzumab

CSP ± MTX 31 % 50% 11%

22% (1y)

25% 21% (3y) 41% (3y)

Rotta

[20]

102 50 102 0 TBI (2Gy) ± Fludarabine CSP-MMF;

TAC-MMF

42% 74% 1% (100 d)

11 (1y)

18 (5y)

65% 36%

(5y)

64%

(5y)

Shimoni

[21]

50 53 47 23 Fludarabine, Melphalan

±ATG

CSP-MTX 51% 63% 26 (5y) 58% 26% (7y) 34% (7y)

Cheikh

[22]

40 56 11 17 Fludarabine, Busulfan,

ATG;

Fludarabine,TBI

CSP±MMF 47% 24% 0%

(100 d)

44% (URD)

35% (MRD)

42%

(URD)

44%

(MRD)

59%

(URD)

66%

(MRD)

Bruno

[24]

96 54 54 0 TBI (2 Gy) CSP-MMF 38% 50% 11% 51% 53%

(5 y)

65%

(5y)

Vesole

[25]

23 23 0 Fludarabine-Cyclop-hos‐

phamide

CSP-MP 17% 57% 8.7%

(100 d)

30% 62%

(2 y)

78% (2y)

Abbreviations: ASCT: Autologous Stem Cell Transplantation; GvHD: Graft versus Host Disease; TRM: Transplant-Related
Mortality; NRM: Non-Relapse Mortality; CR: Complete Remission; PFS. Progression-Free Survival; OS: Overall Survival; TBI:
Total Body Irradiation; ATG: Anti-Thymocyte Globulin; CSP: Cyclosporine; MMF: Mycofenolate Mofetif; TAC: Tacrolimus;
MTX: Methotrexate; MP: Methyl-Prednisolone; URD: Unrelated Donor; MRD: Matched Related Donor

Table 1. Reduced intensity allogeneic transplantation alone or following autogous-SCT
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A prospective multicenter study by the Gruppo ItalianoTrapianti di Midollo Osseo (GITMO)
enrolled 100 newly diagnosed multiple myeloma patients who were < 65 years of age and who
had a sibling donor [24]. Allo-RIC transplantation was performed 2 to 4 months after ASCT in
96 patients. Disease sensitivity at the transplantation was significantly associated with longer
OS and event-free survival (EFS). Overall survival were not significantly affected by the
presence of del(13q) whereas EFS was better in patients without del(13q). Similarly, the Eastern
Cooperative Oncology Group (ECOG) performed a trial of ASCT followed by RIC-allo from
matched sibling donor to provide maximal tumor cytoreduction to allow for a subsequent graft
versus myeloma (GvM) effect [25]. With a median follow up of 4.6 years from registration, 23
patients who completed both transplantations had a median PFS of 3.6 years and a 2-year
survival rate of 78%. Cumulative non-relapse mortality on day 100 was 8.7%. In contrast to
Italian study, plateau in PFS or OS was not observed with this treatment approach even in
patients achieving CR.

Another prospective study for myeloma as part of first-line therapy, a donor versus no-donor
analysis was performed of the patients treated in the HOVON-50 study [26]. This study
allowed the patients with an HLA-identical sibling donor to proceed to the HOVON-54 study
of allo-RIC between 2 and 6 months after ACST. Their results did not support allo-SCT as a
frontline therapy.

3. Tandem autologous vs Allo-RIC transplantation

Recent trials have compared tandem auto-allo HSCT with a tandem autologous modality
(Table 2). The IFM initiated two trials in high-risk (β-2 microglobulin level greater than 3 mg/
L and chromosome 13 deletion at diagnosis) de novo multiple myeloma [27]. Patients with an
HLA-identical sibling donor were randomized with allo-RIC arm following 1st ASCT
(IFM99-03) (n=65), and patients without an HLA identical sibling donor were randomly
assigned to undergo 2nd ASCT with or without anti-IL-6 monoclonal antibody (IFM99-04)
(n=219). In IFM99-03 trial, 46 patients completed the entire program. When compared the OS
and EFS between two trials, IFM99-03 and 04 did not significantly differ (OS: 35 months versus
41 months, p=.27; 25 months vs 30 months, p=.56). IFM group submitted the updated results
in 2008 [28]. When the results of patients in IFM99-04 were compared with those of the 46
patients completed the tandem ASCT/Allo-RIC program, there was a trend of better OS for
ASCT followed by allo-RIC transplantation (47.2 months vs 35 months, p=.07). As they
compared of the results of the 166 patients out of 219 who completed the whole tandem ASCT
protocol with those of the 46 patients out of 65 who underwent the entire auto/allo-RIC
program, no difference was observed regarding EFS (median 25 vs 21 months, p=.88), but there
was a trend for a superior OS in favor of double ASCT (57 vs 41 months, P =.08), due to a longer
survival after relapse in the tandem ASCT arm.

These findings suggest that patients with high-risk myeloma did not benefit from a mini-allo
transplantation following ASCT in comparison of tandem ASCT.
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auto/allo RIC)

OS

(months)

(auto/auto
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auto/allo RIC)

TRM %

P(auto/auto

vs

auto/allo RIC)

Moreau

[28]

166 vs 46 Fludarabine,

busulfan, ATG

- 25 vs 21

p=.88

57 vs 41

p=.08

Not evaluated

Bruno

[29]

80 vs 82 Low-dose TBI 26 vs 55

p=.004

35 vs 29

p=.02

80 vs 54

p=.01

46 pts. vs 58pts.

P=.09

Rosinol

[30]

85 vs 25 Fludarabine,

Melphalan

40 vs 11

p=.001

31 vs not reached

p=.08

26 vs 19.6

p=.4

60% vs 61.8%

(5y)

p=.9

5 vs 16

p=.09

Krishnan

[31]

366 vs156 Low-dose TBI 13 vs 9

p=.0004

46% vs 43%

(3 y)

p=.7

3 years

80% vs 77%

P:0.19

Not evaluated

Giaccone

[32]

46 vs58 Low-dose TBI 26 vs 55

p=.003

33 vs39

p=0.02

5.3 years vs not

reached

P=.02

16 vs 2

Abbreviations: CR: Complete Remission; PFS: Progression-Free Survival; EFS: Event-Free Survival; OS: Overall Survival;
TRM: Transplant-Related Mortalitiy; TBI: Total Body Irradiation; ATG: Anti-Thymocyte Globulin

Table 2. Double transplantation comparing tandem ASCT with auto/allo RIC

The Italian group enrolled 162 consecutive younger patients ≤ 65 years of age with newly
diagnosed myeloma who had at least one sibling [29]. Patients with an HLA-identical sibling
donor received NMA TBI (2Gy) and stem cells median 94 days after ASCT (n=58). Patients
without an HLA-identical sibling received tandem ASCT with high-dose melphalan (n=46).
The rate of complete remission was significantly higher in the auto-allograft group (55% vs
26%, p=.004). Treatment-related mortality was similar (p=.009) but disease-related mortality
was significantly higher in the double ASCT group (43% vs 7%, p<.001). There was a trend of
higher EFS in auto-allograft arm (p=.07) while survival in the auto-allo setting was superior to
the patients received double ASCT (p=.002).

Another prospective study has been performed by the Spanish PETHEMA group [30]. They
enrolled 110 patients with newly diagnosed failing to achieve at least near-CR after a 1st ASCT
were scheduled to receive either 2nd ASCT (n=85) or allo-RIC (n=25), depending on the
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5 vs 16

p=.09

Krishnan

[31]

366 vs156 Low-dose TBI 13 vs 9

p=.0004

46% vs 43%

(3 y)

p=.7

3 years

80% vs 77%

P:0.19

Not evaluated

Giaccone

[32]

46 vs58 Low-dose TBI 26 vs 55

p=.003

33 vs39

p=0.02

5.3 years vs not

reached

P=.02

16 vs 2

Abbreviations: CR: Complete Remission; PFS: Progression-Free Survival; EFS: Event-Free Survival; OS: Overall Survival;
TRM: Transplant-Related Mortalitiy; TBI: Total Body Irradiation; ATG: Anti-Thymocyte Globulin

Table 2. Double transplantation comparing tandem ASCT with auto/allo RIC

The Italian group enrolled 162 consecutive younger patients ≤ 65 years of age with newly
diagnosed myeloma who had at least one sibling [29]. Patients with an HLA-identical sibling
donor received NMA TBI (2Gy) and stem cells median 94 days after ASCT (n=58). Patients
without an HLA-identical sibling received tandem ASCT with high-dose melphalan (n=46).
The rate of complete remission was significantly higher in the auto-allograft group (55% vs
26%, p=.004). Treatment-related mortality was similar (p=.009) but disease-related mortality
was significantly higher in the double ASCT group (43% vs 7%, p<.001). There was a trend of
higher EFS in auto-allograft arm (p=.07) while survival in the auto-allo setting was superior to
the patients received double ASCT (p=.002).

Another prospective study has been performed by the Spanish PETHEMA group [30]. They
enrolled 110 patients with newly diagnosed failing to achieve at least near-CR after a 1st ASCT
were scheduled to receive either 2nd ASCT (n=85) or allo-RIC (n=25), depending on the
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availability of HLA-identical donor. There was a higher increase in CR rate (40% vs 11%, p=.
001) and a trend toward a longer PFS (p=.08) in favor of tandem auto-allo transplantation. In
contrast, TRM was higher in the tandem auto-allo transplantation (16% vs 5%, p=.07), EFS and
OS was not significantly different between 2nd ASCT and allo-RIC.

The Blood and Marrow Transplant Clinical Trials Network reported a multicenter phase III
trial (BMT CTN 0102) in which patients were biologically assigned based on the availability
of a matched related donor to either tandem ASCT using melphalan 200sqm or tandem auto-
alloHCT using melphalan 200 sqm followed by alloHCT with 2 Gy TBI [31]. Among the 710
patients enrolled between 2003 and 2007 from 37 US centers, 625 patients had standard risk.
Patients assigned to receive an ASCT followed by an allo-SCT or tandem ASCT on the basis
of the availability of an HLA-matched sibling donor. The study showed no difference of
median estimated PFS and OS in comparison of double auto with tandem auto-allo.

Recently, the long-term results of a trial in which treatment of newly diagnosed myeloma
patients (n=245) was based on the presence or absence of HLA-identical donor was reported
from Italy [32]. Patients with HLA-identical siblings were offered by a standard autograft with
high-dose melphalan (200sqm) followed by an allograft with NMA TBI (2 Gy) (n=82), while
patients without HLA-identical siblings were assigned to double ASCT after intermediate-
dose (100 sqm) or high-dose (140-200 sqm) melphalan (n=80). At a median follow-up of 7.1
year, both OS and EFS were significantly longer in patients with HLA-identical siblings than
those without, and median OS and EFS remained significantly longer in the patients trans‐
planted with tandem auto-allo than those patients treated double ASCT. This comparative
study showed that allograft conferred a long-term survival and disease-free survival advant‐
age over standard autografting.

4. Post-transplant approaches

High rate of CR after allo-SCT was reported in above studies. But relapse still seems to be a
remaining problem. The importance of molecular remission on long-term disease control has
been mentioned in the studies of allogeneic transplantation with MAC or RIC regimes.
Therefore, post-transplant strategies for preventing and treatment of relapse/refractory disease
are of clinical importance. The role of adaptive immunotherapy, donor lymphocyte infusion
(DLI), and novel agents has been assessed in several studies.

Donor lymphocyte infusion can enhance GvM and also induce graft  versus host disease
(GvHD) rates [33,34] Van de Donk, et al evaluated DLIs given in eight European transplan‐
tation centers for relapsed (n=48) or persistent (n=15) myeloma following NMA allo-SCT
[35]. Overall response was 38%, acute GvHD was 38% and chronic GvHD was 42%. The
development of GvHD and response to DLI seems to be associated with GvM effect, and
durable remissions are restricted to a minority of patients who achieve CR in this retrospec‐
tive evaluation. Escalating doses of DLI were found to have lower GvHD risk and better
survival rates [36-38].
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Immunomodulatory agents, thalidomide or lenalidomide have both have T cell and NK cell
activity [39]. Effect of low dose thalidomide after allo-SCT was evaluated in the French study
and found that  13  of  31  patients  responded [40].  Nineteen  percent  of  patients  stopped
treatment due to toxicity. Although thalidomide is used for treatment of GvHD, authors
observed GvHD in the follow up of 5 patients. Kröger et al, showed improved responses
with low dose thalidomide followed by DLI in patients who were refractory to sole DLI
[41]. Lenalidomide increased the frequency of human leukocyte antigen-DR (+) T cells and
regulatory  T  cells.  Improved  response  rates  were  reported  with  lenalidomide  with  /
without dexamethasone for relapsed/refractory patients [42,43]. Recently, HOVON group
investigated maintenance of  lenalidomide after  allo-SCT; it  is  not found a feasible treat‐
ment due to induction of GvHD [44].

The use of proteasome inhibitor, bortezomib for in vitro depletion of alloreactive T cells after
allo-SCT can control GvHD [45]. In retrospective analyses bortezomib administration in
relapse or progression of MM after allo-HSCT was shown to be effective treatment without
worsening of GVHD symptoms (46).

5. Conclusion

The role and timing of allo SCT still cannot be defined clearly. Due to high TRM rates,
myeloablative conditioning in allo-SCT has shifted to reduced intensity conditioning. The
studies can be summarized as: (1) -early-day 100 TRM as low as 0 -20%, (2) Acute grade II-IV
GvHD and chronic GvHD rates as 30 to 70%, (3) chemosensitivity prior to the transplantation
as main factors of survival after transplantation (4) negative PFS effects of in vitro T cell
depletion with Alemtuzumab or other(s).

Most of the studies were performed in the relapsed/refractory setting and currently there is
no strong data to support allo-RIC as part of a frontline therapy. Reduction of tumor burden
by high dose therapy with autologous stem cell rescue has found to have impacts on the
transplant outcome and these results brought the comparative studies of auto/auto vs auto/
allo transplantation. There are contradictory results in this era and lack of strong evidence to
support one to the other procedure.

Relapse after allo RIC transplantation is still a remaining problem to be solved. Introduction
of novel agents such as bortezomib, thalidomide, and lenalidomide with/without DLI(s) can
provide solutions to this problem.

In conclusion, allo-SCT has been recognized as a potential therapeutic modality in MM,
especially since the introduction of RIC regimens and the use of a tandem auto-allo transplants
has shown promise by reducing the TRM and inducing high CR rates. Nevertheless, long-term
control of the disease remains a key issue, even in patients treated first by RIC allo-SCT. The
role of allo-SCT should be re-evaluated when taking into consideration of promising effects of
novel agents in myeloma treatment in randomized clinical trials.
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1. Introduction

Multiple myeloma (MM) is a clonal B-cell malignancy that is currently incurable with con‐
ventional chemotherapy, even if high-dose chemotherapy with autologous or allogeneic
hematopoietic stem cell transplantation (HSCT) and the development of novel molecular
target agents have resulted in a marked improvement in overall survival [1, 2]. Allogeneic
HSCT, which induces a clinically significant immune-mediated allogeneic graft-versus-
myeloma (GVM) effect, has provided the framework for the development of immunothera‐
peutic strategies [3, 4]. To prolong the survival of patients with MM, who are undergoing
allogeneic HSCT, a donor lymphocyte infusion can be used successfully as a salvage therapy,
which is based on the GVM effect in some cases of MM that relapse after allogeneic HSCT [5,
6]. A clinically significant immune-mediated GVM effect 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 [6].

DCs are the most potent APCs for initiating cellular immune responses through the stimulation
of naive T cells. Because of their ability to stimulate T cells, DCs act as links between innate
immunity and adaptive immunity in antitumor immune responses [7]. DCs orchestrate a
variety of immune responses by stimulating the differentiation of naïve CD4+ T cells into helper
T effectors such as Th1, Th2 or Th17 type [8, 9]. Cytokines secreted by DCs at the time of initial
T cell stimulation play an important role in the subsequent differentiation of effector T cells.
Th1 cells, through interferon-gamma (IFN-γ) production, regulate antigen presentation and
immunity against intracellular pathogens [8]. DC-based vaccines have become the most
attractive tools for cancer immunotherapy and have been used in more than 20 malignancies;
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[10]. Cellular immunotherapy using DCs is emerging as a useful immunotherapeutic modality
to treat MM [11]. While antigen-specific cytotoxic T lymphocytes (CTLs) and immune response
can be induced by DC vaccination in MM patients, clinical responses so far have been largely
unsatisfying to be observed only in a minority of treated patients with MM. Progress in
understanding DC biology in cancer patients and the recruitment of suppressive cells of the
adaptive and innate immune system in antitumor immunity of cellular immunotherapy is
leading to new concept which aims at improved immune and clinical outcomes in MM. New
concept is developing to generate novel therapeutic targets that could restore DC capacity to
prime T cells and trigger effective anticancer responses in combination with other therapies to
offset tumor-induced suppression in MM.

2. Dendritic cell in myeloma immunity

DCs have a potent antigen-specific T cell stimulatory capacity and therefore should be
considered to the one of the promising antitumor immunotherapeutic options. In tumor-
specific immunity, secreted products or fragments from tumor cells enter into DCs through
the endosome and are processed and presented on MHC class molecules of DCs [12]. Processed
antigens presented on these molecules of DCs are recognized by CD4+ T helper cells, which
not only enhance to the CD8+ T cell response but also facilitate to develop a humoral immune
response for surface antigens expressed on the tumor cells. The antigens presented on MHC
class I are recognized by CD8+ CTLs, which have a direct cytotoxic effect on tumor cells.
Unfortunately, patients with MM have basically dysfunctional DCs that are functionally
defective, evidenced by the decreased number of circulating precursors of DCs as well as the
impaired T cell stimulatory capacities compared with normal controls [13, 14]. The defective
functions of DCs in patients with MM are partially attributed to the production of IL-6 and
other tumor-derived factors. DCs in MM patients are a target of tumor-associated suppressive
factors, such as IL-10, transforming growth factor- beta (TGF-β), vascular endothelial growth
factor (VEGF), and IL-6, resulting in their aberrant functions and impaired development of
effector functions in tumor-specific lymphocytes [15]. There were only few patients with MM
who responded clinically to vaccination with antigen-loaded autologous DCs. There may be
several reasons for this failure from MM patients itself. MM is believed to induce immunopa‐
resis that interferes with DC function and hence affects the effective antitumor immune
responses in these patients. They are able to escape immune surveillance by down-regulation
of immune markers as well as through the production of immunosuppressive cytokines by
the tumor cells or by activation of suppressor cells such as regulatory T cells and myeloid cells.
Myeloma cells can produce immuno-inhibitory cytokines, such as IL-10, TGF-β, VEGF, and
IL-6, which play major roles in the pathogenesis of MM [15]. In addition, the survival and
proliferation of myeloma cells are partially facilitated by impaired endogenous immune
surveillance against tumor antigens, including the abrogation of DC function, by constitutive
activation of the signal transducer and activator of transcription 3 (STAT3) [13]. Impairment
in both humoral and cellular immunity in MM is associated with impaired B cell responses;
decreased T cell numbers including CD4+ T cells and impaired CTL responses; and dysfunction
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of natural killer (NK) cells and NKT cells responses [16-19]. In addition, the recruitment and
expansion of CD4+CD25+ regulatory T cells (Tregs) in the suppression of tumor immunity has
been reported in MM patients [20, 21]. More recently, the proportion of CD14+HLA-DR-/low

myeloid-derived suppressor cells (MDSCs) and CD4+ forkhead box P3 (FoxP3)+ Tregs cells was
increased in MM patients at diagnosis, resulting in a significant impediment of immune cells
related to cancer immunotherapy [22].

3. Current DC vaccination research in MM

Usually, ex vivo DCs were generated from circulating blood precursors (i.e. monocytes) or bone
marrow progenitor cells and educated them with myeloma-associated antigens prior to
vaccination to patients with MM.

3.1. Idiotype-pulsed DCs

Immunoglobulin idiotype (Id) is a tumor-specific antigen that is produced by each B cell tumor
clone. Id protein has been used for immunotherapy in patients with MM [23, 24]. Id vaccination
could induce immune responses by both antibodies and Id-specific T cells, including CD4+ and
CD8+ T cells, through the presentation of Id protein on the surface of professional APCs [24].
Id-specific CTL lines that kill autologous primary myeloma cells in vitro have been generated
[25, 26]. Autologous DCs that were generated from MM patients have been shown to efficiently
endocytose different classes of Id proteins, and autologous Id-specific CTLs that were gener‐
ated by Id-pulsed DCs were able to recognize and kill autologous primary myeloma cells in
vitro [25, 26]. Various studies of DC-based Id vaccination in MM have been reported [27-34].
Although Id-specific CTLs and immune responses could be induced in some patients, clinical
responses have rarely been observed after vaccination possibly because Id protein is a weak
antigen and immature DCs have been used in some studies [27].

3.2. Myeloma-associated antigens-based DC immunotherapy

In general, the production of DC vaccines using whole tumor antigens has become a promising
tool for immunotherapy against MM. There are several types of myeloma-associated antigen
for loading onto DCs: loading with myeloma lysates [35, 36], loading with dying myeloma
cells [37-39], transfection with myeloma-derived RNA [40], pulsing with myeloma-derived
heat shock protein (HSP) gp96 [41, 42], and hybridization with myeloma cells [43, 44]. These
techniques have the advantage of allowing the presentation of multiple epitopes to MHC on
DCs, therefore inducing polyclonal T cell responses from many potentially unknown tumor-
associated antigens (TAAs) and reducing the probability of immune escape by a single TAA.

Various myeloma-associated antigens that may induce immune responses from DC-based
vaccines have been identified in MM patients. 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 [40, 45]. DCs transfected with
PTD-NY-ESO-1 protein can induce CD8+ cellular antitumor immunity superior to that
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achieved with NY-ESO-1 protein alone [46]. Sp17-specific HLA class I-restricted CTLs were
successfully generated by DCs that had been loaded with recombinant Sp17 protein and were
able to kill autologous tumor cells that expressed Sp17 [47]. The overexpression of hTERT on
MM compared to the expression levels in normal cells indicated that this telomerase also could
be used as a myeloma-associated antigen. hTERT was capable of triggering antitumor-CTL
responses and killing hTERT+ tumor cells [48]. Recently, a report demonstrated that activated
T lymphocytes were able to successfully kill myeloma cells after stimulation by DCs loaded
with hTERT- and MUC1-derived nonapeptides [49]. DKK1, a novel protein that is not
expressed in most normal tissues but is expressed in almost all myeloma cells, may be an
important antigenic target for anti-myeloma immunotherapy. DKK1-specific CTLs that were
generated by DCs pulsed with DKK1 peptides were specifically lysed by autologous primary
myeloma cells and DKK1-positive cell lines [50].

4. New concepts to enhance the efficacy of cellular immunotherapy in MM

4.1. How to enhance the efficacy of DC vaccinations

Because of unsatisfied clinical response of DC vaccination trials in MM, a number of groups
have looked at whether the DC vaccination may be more effective if better cytokine combina‐
tions are used to enhance DC function, effective tumor antigens are investigated to use,
suppressive signal transcriptions are blocked to overcome defective DC function, the interac‐
tion with immunosuppressor cells is interrupted to avoid the effect of these suppressor cells,
or DC vaccines need to be combined with other therapies.

4.2. The next generation of DCs

To improve DC vaccination, the investigators exploit to the microbial activation signals leading
to generate potent DCs with high secretion of cytokines such as IL-12p70, which generate
strong tumor-specific Th1 response and helper function for the generation of memory T cells,
high production of polarizing signals, which help the generation of high avidity in CTLs that
may be resistant to tumor microenvironment, and strong costimulation mediated via several
costimulatory molecular pathways [51, 52]. This induces to eliminate Tregs and block tumor
microenvironment results in the full activity of elicited CTLs and tumor rejection.

The initial phase of DC-based vaccines involving immature or partially-mature “first-genera‐
tion” DCs has been reported [53, 54]. However, such DCs express suboptimal levels of
costimulatory molecules and constitute weaker immunogens than subsequently implemented
mature DCs, the “second-generation” of clinically applied standard DCs (sDCs), which
induced by cytokine cocktails containing IL-1β/TNF-α/IL-6/prostaglandin E2 (PGE2) [55].
However, to date, sDC vaccines still have some drawbacks, including the mediation of Th2
polarization by increased secretion of the immunosuppressive cytokine IL-10 from DCs and
high activity in activating Tregs [56, 57]. Therefore, several investigators, including our group,
have tried to develop new generation of potent DC that possess all required features for
inducing effective tumor-specific immune responses. We demonstrated the feasibility of
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inducing potent α-type 1-polarizing DCs (αDC1s) by exposing immature DCs to α-type 1-
polarizing cytokine cocktail containing IL-1β, TNF-α, IFN-α, IFN-γ, and polyinosinic:polycy‐
tidylic acid [poly(I:C)] to generate strong functional CTLs on average 20-fold higher than sDCs
[58-62]. Recently, we successfully generated αDC1s from MM patients with high expression
of costimulatory molecules, significant production of IL-12p70, and potent generation of
myeloma-specific CTLs [37, 38]. Such a novel strategy would provide improved potency of ex
vivo-generated DCs for cancer immunotherapy.

The other strategy to induce new potent DCs from patients with MM was the use of helper
cells to promote type 1-polarization of DCs. Indeed, it has been demonstrated that NK cells
play  a  major  immunoregulatory  role  in  the  development  of  protective  T  cell-mediated
immunity against intracellular pathogens and cancers [63]. Such helper activity of NK cells
is  at  least  partially  mediated  by  the  functional  modulation  of  DCs.  This  phenomenon
depended on the production of IFN-γ and TNF-α from the activated NK cells [63] and was
associated with enhanced cross-presentation of tumor antigen and the induction of Th1 and
CTL responses [39, 64, 65]. Recent data from our laboratory and other groups has demon‐
strated  that  NK-DC  interactions  promote  the  subsequent  induction  of  tumor-specific
responses in CD4+ and CD8+ T cells, allowing NK cells to act as helper cells in the develop‐
ment of type 1-polarized DCs in responses against cancer [39, 64, 65]. Resting NK cells that
are activated in the presence of toll-like receptor (TLR) agonists, IL-2, and IFN-α can induce
potent DCs with enhanced IL-12p70 production in vitro, generating strong antigen-specific
CTLs against myeloma cells [39].

We also found that the selected combinations of TLR agonists synergistically triggered a
Th1-polarizing capacity through production of high amounts of IL-12p70 [66]. However, the
major limitation of this combination was the decreased ability of these cells to migrate into
lymph nodes compared to that of conventional sDCs. When DCs are activated by individu‐
al TLR agonists, such as lipopolysaccharide (LPS) or poly(I:C), or by a combination of 2 TLR
agonists, all cells mature and produce high levels of bioactive IL-12p70 in early phase of
maturation and after subsequent stimulation with T cell-related DC activating signal CD40L.
In addition, the phenotyes of these matured DCs were markedly enhanced when a combina‐
tion of type I and type II IFN was added. These combinations of stimuli also regulated the
expression of CD38 and CD74, markers related to the full activation of DCs [67, 68]. We
demonstrated that, at the optimal concentration used to stimulate DCs, the combination of
2 TLR agonists with type I and II IFNs can be used to generate fully mature DCs that have
high migratory capacity and can maintain IL-12p70-producing capacity. The regulation of
CD38 and CD74 in DCs could in turn enhance the migratory activity of DCs in the presence
of a combination of 2 TLR agonists and IFNs [69].

Ursolic acid (URC) is isolated from Uncaria rhynchophylla and phytochemically classified as a
triterpene. Triterpene compounds have been identified as a unique class of natural products
possessing diverse biological activities. Recently, we reported that URC activates human DCs
in a fashion that favors Th1 polarization via the activation of TLR2- and/or TLR4-dependent
IL-12p70 and induces the production of IFN-γ by CD4+ naïve T cells [70]. In addition, combi‐
nation URC and IFN-γ enhanced the activation of DCs via promotion of IFN-γ-induced Th1
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cell polarization that was dependent on the activation of IL-12p70 and independent of TLR4
[71, 72]. The potential of natural products to enhance DC maturation and activation has
important implications for the use of DCs as a cancer vaccine.

4.3. New sources of myeloma-associated antigens for DC vaccines

Another important consideration to improve the efficacy of DC vaccination in patients with
MM is an effective tumor antigen, instead of using idiotype proteins with a weak antigenicity.
The use of whole tumor cells, instead of single antigen, may help to enhance antitumor effects
to target multiple tumor variants. It is necessary to use purified, optimized myeloma cells, if
possible, as a source of tumor antigens for loading onto DCs to generate potent myeloma-
specific CTLs [35]. However, it is not only impractical to obtain sufficient amounts of purified
autologous myeloma cells for tumor antigens in the clinical setting from patients with MM
and it is also unsuitable for those with a lower tumor burden status. As an alternative source
of tumor-relevant antigens, allogeneic tumor cells or established cancer cell lines have been
used to overcome the limitation in various tumors [37, 38]. DCs loaded with tumor antigens
derived from allogeneic myeloma cells could generate myeloma-specific CTLs against
autologous myeloma cells in patients with MM [37, 39]. The success of using an allogeneic
myeloma cell line as tumor antigens led to the possibility that allogeneic myeloma cells could
also be used as a viable source of tumor antigens in the context of appropriate major MHC
alleles to autologous CTLs. In addition, autologous DCs loaded with dying myeloma cells of
allogeneic matched monoclonal immunoglobulin subtype showed to generate potent myelo‐
ma-specific CTLs against autologous myeloma cells in MM patients [38] These findings
suggested that allogeneic myeloma cell lines and allogeneic matched monoclonal immuno‐
globulin subtype of myeloma were effective tumor antigens capable of inducing functional
CTLs against patients’ own myeloma cells.

Improved understanding of which specific anticancer agents lead to immunogenic cell death
and whether these process can enhance antitumor immunity may facilitate the mechanism
how chemotherapy and immunotherapy combination can induce immune responses against
cancer. Recently, we have worked to develop strategies that recover dysfunction of DCs caused
from loading tumor antigens through treatment of myeloma cells with a combination of the
selective JAK/STAT3 inhibitor, JSI-124, and a kind of proteasome inhibitor, bortezomib. We
observed that production of inhibitory cytokines, such as IL-10, IL-23, and especially IL-6,
which induces DC dysfunction in MM patients, was down-regulated in DCs loaded with dying
myeloma tumor cells that induced by these agents. Furthermore, phospho-STAT3 was also
down-regulated in the DCs. These DCs displayed a superior ability to induce myeloma-specific
responses of CTLs. More recently, we are investigating whether chaetocin could be used to
induce dying tumor cells for loading onto DCs to enhance myeloma-specific antitumor
responses. We show that anti-myeloma drug-induced dying tumor cells can be used as the
source of myeloma antigens to loading onto DCs that could elicit potent anti-myeloma activity
of CTLs due to the expression of HSP and cancer testis antigens as a mechanism of immuno‐
genic death of human MM cells.
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4.4. Blocking immunosuppressive activity during the loading of tumor antigens for DC
vaccines

The suppressive effects of tumor cells during DC generation have been explained previously
by the ability of the tumor microenvironment to suppress DC differentiation [73]. This process
can influence STAT3 and ERK phosphorylation, resulting in hyperactivation of STAT3 and
ERK, which may be responsible for defective generation of DCs [74]. The immune-mediated
antitumor effects of DCs are enhanced by inhibition of the JAK2/STAT3 pathway [75],
inhibition of p38 or activation of the MEK/ERK or MAP kinase pathways, and neutralization
of IL-6 [76]. Recently, we found that when MM-derived DCs were generated by loading tumor
lysates from autologous myeloma cells, these DCs showed lower phenotypic maturation, less
T cell stimulatory capacity, less CTL activity, and highly abnormal IL-6 and IL-12 secretion
compared to the secretion by unloaded DCs. Moreover, the levels of VEGF, phospho-STAT3,
and phospho-ERK1/2 in these DCs were significantly higher than in unloaded DCs. After
neutralization of VEGF activity, DC functions, signal transduction, and cytokine production
were returned to normal level. Therefore, inhibitory factors and abnormal signaling pathways
during maturation with tumor antigens in DCs may be responsible for the defective activity
of DCs in MM, and these abnormalities may be overcome by neutralizing the signaling that
would lead to a suppressed immune response [77].

5. Combination therapy: New concept to enhance efficacy of DC vaccines

Many factors contribute to the limited clinical efficacy of DC vaccines. The tumor microenvir‐
onment contains different kinds of inhibitory cells, such as Tregs and MDSC, and inhibitory
molecules, such as IL-10, IL-6, TGF-β, and VEGF, all of which prevent the activation of effector
T cells in response to DC responses [16-21, 23, 78, 79]. Although DC vaccines showed effective
antitumor effect in experimental ex vivo systems, they didn’t effectively induce strong immune
responses that were enough to kill tumors in vivo. Therefore, strategies to improve the efficacy
of DC vaccines are to overcome the immune tolerance/suppression induced by these cells,
which are involved in the use of a combination of DC vaccine with either stimulatory cytokines
or the targeting elimination of inhibitory cells and molecules in tumor microenvironment.

5.1. DC vaccine and cytokine combination

Cytokines, such as GM-CSF or IL-2, known to enhance cell-mediated immune responses may
be administered as adjuvants with the vaccines aiming to create an environment where specific
immune responses are readily induced [80, 81]. To enhance the efficacy of DC vaccination, Id-
pulsed DCs were combined with GM-CSF [80, 82-84], with immunogenic carrier molecules
such as KLH [27, 28, 31-33, 82, 85], or cytokine IL-2 [80, 83] to improve the effectiveness of these
DC vaccines in patients with MM. Recently, a phase I study was performed in patients with
MM using autologous DCs/tumor cells fusion in combination with GM-CSF administration at
the day of DC vaccination [86]. The expansion of circulating CD4+ and CD8+ T cells reactive
with autologous myeloma cells were detected in 11 of 15 evaluable patients. A majority of
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patients with advanced disease demonstrated disease stabilization. In a murine myeloma
model, mice were vaccinated with DC-plasmacytoma cell fusions and demonstrated that
administration of IL-12 with the vaccine resulted in potentiation of in vivo T cell proliferation
and cytotoxicity and eradication of established disease [87]. Therefore, the combination of DC
vaccine with stimulatory cytokines is a feasible approach to provide a new source of DC-based
vaccines for the development of immunotherapy against MM.

5.2. DC vaccine and chemotherapy combination

Chemotherapy can help to reverse the immunosuppression caused by cancers and also further
enhance the capacity of DCs to trigger antitumor immunity [88]. Accumulating evidence
indicates that conventional chemotherapy as well as radiotherapy selectively eliminates
immunosuppressive cells, triggers the activation of DCs, and enhances antigen cross-presen‐
tation. Furthermore, specific anticancer agents lead to immunogenic cell death of tumor cells
and these processes can enhance antitumor immunity.

Recent studies have shown that chemotherapeutic agents increase the efficacy of active or
adoptive antitumor immunotherapies through beneficial immunomodulatory effects [89, 90].
Cyclophosphamide eliminates the activities of tumor-induced suppressor T cells in tumor-
bearing hosts [90] and induces the production of immunostimulatory cytokines, such as type
I IFN [91]. In addition, low-dose cyclophosphamide has been shown to down-regulate
suppressor T cells and to decrease the production of TGF-β and IL-10 while inducing a
Th2/Th1 shift in the cytokine profile [92-94]. Low-dose cyclophosphamide may enhance the
antitumor efficacy of DC vaccines by increasing the proportion of IFN-γ secreting lymphocytes
and suppressing the proportion of CD4+CD25+FoxP3+ Tregs in tumor-bearing mice [95]. The
result of a clinical trial using allogeneic DC vaccines combined with low-dose cyclophospha‐
mide has revealed that the combination therapy could induce stronger antitumor responses
compared to the DC vaccine alone [96]. Recently, we demonstrated that a single administration
of low-dose cyclophosphamide before the first DC vaccination showed to augment antitumor
effects of DC vaccines to completely eradicate the tumor and to prolong the survival of
vaccinated mice [64].

Lenalidomide is a thalidomide analog that has more potent anti-myeloma effects and less
adverse effects [97]. Lenalidomide can induce apoptosis of myeloma cells, inhibit the produc‐
tion of cytokines (IL-6, VEGF, and TNF-α) in bone marrow of myeloma patients, and stimulate
T cell and NK cell proliferation, cytotoxicity, and cytokine (IL-2, IFN-γ) production [97]. In
addition, lenalidomide can inhibit the frequency and function of Tregs, resulting in inhibition
of Treg expansion and FoxP3 expression in cancer patients patients [98]. Interestingly, this
drug can also induce the activation of APC function, resulting in upregulation of CD40, CD80,
and CD86 in chronic lymphocytic leukemia [99]. Therefore, lenalidomide can be used as an
immunomodulatory drug in order to enhance immune responses against cancer. Our in vitro
study showed that lenalidomide enhanced the maturation and function of DCs in the presence
of LPS, resulting in synergistic stimulation of DCs to increase phenotype expression, IL-12p70
production, T cell stimulation capacities, and CTL activities against myeloma cells, and to
suppress the generation of Tregs. Moreover, our in vivo mouse myeloma model showed that
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a treatment combining the lenalidomide with DC vaccination markedly improved antitumor
effect by inhibiting immunosuppressor cells, recovering effector cells, and inducing superior
polarization of the Th1/Th2 balance in favor of the Th1 response. This immunomodulatory
effect may be a crucial component of the enhancer-like properties of lenalidomide in the context
of antitumor immunity against MM.

5.3. Chemotherapeutic agent can induce “immunogenic myeloma-cell death” to trigger
activation of DCs and to enhance cross-presentation of DCs

Most of chemotherapeutic agents kill tumor cells by the induction of apoptosis. Previously,
chemotherapy and immunotherapy have usually been regarded as unrelated therapy in the
treatment of cancers because chemotherapy-induced apoptotic cell death has long been
considered as non-immunogenic or inducing immune tolerance. Recently, apoptotic cell death
when coupled with inflammatory signals, such as HSPs, is clearly known to induce the
activation of DCs and triggers the immune response [100]. Some chemotherapeutic agents
could induce a type of tumor cell death that activates efficient antitumor immunity, so it is
called “immunogenic tumor-cell death”. Immunogenic tumor-cell death expresses danger
signals on the tumor cell surface or secretes immunostimulatory factors, such as HSPs,
calreticulin, high mobility group box 1 protein (HMGB1), and ATP, into the tumor microen‐
vironment, thereby promoting DC maturation and stimulating a powerful T cell immune
response [88].

Cyclophosphamide is well known as a potent cytotoxic and lymphoablative drug in conven‐
tional and high dosages. However, more recent work highlighted as an immunostimulatory
and/or antiangiogenic agent at low dosages, openning up novel indication in the field of cancer
immunotherapy. In recent reports, cyclophosphamide administration in tumor-bearing mice
induced pre-apoptotic surface translocation of calreticulin on tumor cells [101], which serves
as an “eat-me” signal for phagocytes [102] and the release of high-mobility group box1
(HMGB1) protein in the extracellular milieu [101], which constitutes a “danger signal”
triggering activation of the DC processing machinery [103]. These events are prerequisites for
adequate engulfment of tumor apoptotic material and optimal CD8+ T cell cross-priming by
DCs [102, 103].

HSPs are intracellular chaperones for many proteins, but they can also be expressed on the cell
surface or even be released under stress conditions [104, 105]. HSP acts as an adjuvant in
initiating the activation of DCs or as protein vehicle to facilitate the presentation of antigen
peptides to T cells. Spisek et al. [106] reported that uptake of myeloma cells by DCs after tumor
cell death induced by bortezomib leads to the induction of antitumor immunity and enhances
DC-mediated tumor immune response, indicating the probability mechanism due to the
expression of HSP90 on the surface of dying cells, thereby facilitating the activation of DCs in
response to dying tumor cells. Our study also found that HSPs released from dying tumor
cells, which were induced by a combination of the selective JAK/STAT3 inhibitor JSI-124 and
proteasome inhibitor bortezomib, act on tumor cells to recover DC dysfunction and to induce
cytokine and chemokine production from DCs, resulting in generation of potent myeloma-
specific CTL response against myeloma cells.
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5.4. Possible combination DCs and other approaches

In the presence of regulatory and suppressive environment, it is very difficult to elicit or induce
effective immune response after DC vaccination in cancer patients. To improve the clinical
outcomes, DC vaccines need to be combined, in particular for patients at advanced stages, with
other approaches that offset the suppressive tumor environment [107]. It has been known that
the specific depletion of CD4+CD25+ Treg cells by anti-CD25 antibodies increases the efficiency
of the anti-tumor immune response of tumor-bearing animals, although the tumors are not
completely rejected [108]. An increased number of CD4+CD25+FoxP3+ regulatory T cells have
been demonstrated in patients with MM [22, 109]. Depletion of Treg may have resulted in
improved response to tumor vaccine in animal models and a clinical study. In addition,
blocking antibodies or soluble receptors were exploited for the blockade of suppressive
cytokines in the tumor microenvironment, such as IL-10 [110], IL-13 [111], TGF-β [112] and
VEGF [113]. Such strategies can be used to block immune-inhibitory signals in lymphocytes
as illustrated by anti-CTLA-4 [114] and/or anti-PD1 [115] or to block their ligands expressed
on tumors.

Another strategy to improve DC vaccination is combination approach with other immune cells,
including adoptive T cells or NK cells. In adoptive T-cell transfer, one can seek to modulate
the number of regulatory T cells, and transfer a population of activated effector cells. The
combination of DC vaccination and adoptive T-cell transfer led to a more robust antitumor
response than the use of each treatment modality [116]. These findings illuminate a new
potential application for DC vaccination in the in vivo stimulation of adoptively transferred T
cells. Therefore, combining active and passive immunotherapies in the treatment of MM may
enhance the efficacy of tumor vaccine in the future.

6. Future perspectives

Progress in understanding DC biology in MM patients and the recruitment of suppressive cells
of the adaptive and innate immune system in antitumor immunity of cellular immunotherapy
is leading to new concept which aims at improved immune and clinical outcomes in MM. The
new generation of DCs may be a potential vaccine therapy for inducing the rate of tumor
responses and prolonging survival of patients with MM. Furthermore, information from
studies that combine DC vaccine with other therapies, including chemotherapy, radiation
therapy, molecular target agents, other immunotherapy (adaptive T cells or NK cells), or
adjuvants will have high impact on enhancing therapeutic immunity in MM by simultaneously
enhancing the potency of immune responses and offsetting immunoregulatory pathways.
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1. Introduction

The therapy for multiple myeloma has made major strides over the last 15 years, by and large
due to the advances in molecular biology and the focus on patient-oriented translational
investigations. Although the survival outcomes have improved significantly, clinical features
such as older age, renal insufficiency at diagnosis, primary plasma cell leukemia and extra-
medullary disease remain major therapeutic challenge. The explosion of data from all the
clinical, genomic and proteomic investigations has also made it difficult to assimilate all the
information and translate it effectively for clinical practice. Although multiple myeloma is still
considered by most though leaders as an incurable but treatable disease, the development of
novel diagnostic and therapeutic modalities are bringing optimism of potential curability
dream of being curable. Over the last decade, new biologic markers and novel imaging
modalities have been explored in the context of clinical trials. The present chapter will attempt
to summarize these data and propose how to incorporate this knowledge in current clinical
practice.

2. Laboratory & pathology tools

2.1. Durie-Salmon staging and the international staging system

The Durie-Salmon Staging (DSS) system [1] was developed as a prognostic model almost four
decades ago when the standard of care for myeloma was oral melphalan and prednisone. Over
the years, DSS has stood the test of time as a reasonable assessor of disease burden even in the
era of novel agents. The major the drawback of the DSS was that it does not account for the
biologic variability of disease even in patients with comparable disease burden. The Interna‐
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tional Staging System (ISS) [2] was developed to include some biologic information by
incorporating serum albumin as a markers of disease burden and host risk, whereas serum
beta-2 microglobulin (β2M) levels was included as marker of biologic behavior. Both DSS and
ISS stratify patients in to stages I, II and III. Although ISS was tested and validated on patient
data-set from the pre-novel drug era, ISS III disease remains a major challenge even in intensive
treatment approaches such the Arkansas Total Therapy program (See Figures 1A-C).

Incorporating cytogenetic data in prognostication

Like most cancers, multiple myeloma has both inter-patient and intra-patient heterogeneity.
The last 15 years have seen major progress in both the understanding of MM disease biology
and development of biologically relevant MM therapies. Even with such advances, there are
several prominent biologic factors that play a major role in overall prognosis. MM patients can
be categorized into genomically defined low risk or high risk depending upon underlying
molecular cytogenetic abnormalities identified using either fluorescent in situ hybridization
(FISH) and gene expression profiling (GEP). In transplant eligible patients, presence of any
cytogenetic abnormality portends poorer PFS and OS as observed in the two Total Therapy 3
trials [3], [4] by the Arkansas Myeloma group (Figure 2 A, unpublished data), whereas there
were no difference in cumulative incidence of achieved a partial or complete response (Figure
2 B, unpublished data). The poor prognostic cytogenetic abnormalities include translocation
(4; 14), translocation (14; 16), translocation (6; 14), translocation (14; 20), hyperdiploidy,
amplification of chromosome 1q21 and deletion 17p, and their presence is associated with
shorter overall survival and duration of response to therapy.

Translocation (4; 14) can be found in roughly 10-15% of newly diagnosed MM patients and
results in an overexpression of fibroblast growth factor receptor 3 (FGFR3) that in turn drives
cellular proliferation and survival. Although it can be argued that bortezomib can now
overcome the adverse prognosis associated with translocation (4; 14), it remains a poor
prognostic markers in geographic areas where either socioeconomics or medical economics
dictate initial choice of therapy for newly diagnosed MM [5]. Translocations (14;16) and (14;20)
[6], [7] occur in less than 5% of newly diagnosed MM cases and lead to overexpression of MAF
and MAF-B proto-oncogenes, respectively. Deletion 17p results in deletion of the tumor
suppressor gene p53 and occurs in ~10% new MM cases [8]. It has been reported that borte‐
zomib may overcome adverse prognosis associated with deletion 17p [9], but it appears that
this benefit only happens in “low-risk” MM patients as defined by the Arkansas 70-gene
expression profiling risk model [10]. Lastly, amplification of chromosome 1q21 has not only
been associated with MGUS to MM progression [11] but also with poor prognosis in MM
regardless of therapeutic era [12]. Amongst the many genes over-expressed by 1q21 amplifi‐
cation, are the proteasome genes which appear to portend poor durability of response and
may be partly responsible for resistance to bortezomib [12]. In an effort to incorporate biologic
information in upfront staging, there have several attempts to combine cytogenetic data with
ISS in prognostic models. Neben et al [13] demonstrated that newly diagnosed MM patients
with high burden of disease (ISS stages II/III) when presenting with either t (4; 14) or del17p
have overall shorter PFS and OS (Figure 2 C).
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Figure 1. Impact of ISS Stage in Total Therapy 3 trials on progression free survival (a), overall survival (b), and complete
response (CR) duration (c).

Novel Prognostic Modalities in Multiple Myeloma
http://dx.doi.org/10.5772/55965

201



tional Staging System (ISS) [2] was developed to include some biologic information by
incorporating serum albumin as a markers of disease burden and host risk, whereas serum
beta-2 microglobulin (β2M) levels was included as marker of biologic behavior. Both DSS and
ISS stratify patients in to stages I, II and III. Although ISS was tested and validated on patient
data-set from the pre-novel drug era, ISS III disease remains a major challenge even in intensive
treatment approaches such the Arkansas Total Therapy program (See Figures 1A-C).

Incorporating cytogenetic data in prognostication

Like most cancers, multiple myeloma has both inter-patient and intra-patient heterogeneity.
The last 15 years have seen major progress in both the understanding of MM disease biology
and development of biologically relevant MM therapies. Even with such advances, there are
several prominent biologic factors that play a major role in overall prognosis. MM patients can
be categorized into genomically defined low risk or high risk depending upon underlying
molecular cytogenetic abnormalities identified using either fluorescent in situ hybridization
(FISH) and gene expression profiling (GEP). In transplant eligible patients, presence of any
cytogenetic abnormality portends poorer PFS and OS as observed in the two Total Therapy 3
trials [3], [4] by the Arkansas Myeloma group (Figure 2 A, unpublished data), whereas there
were no difference in cumulative incidence of achieved a partial or complete response (Figure
2 B, unpublished data). The poor prognostic cytogenetic abnormalities include translocation
(4; 14), translocation (14; 16), translocation (6; 14), translocation (14; 20), hyperdiploidy,
amplification of chromosome 1q21 and deletion 17p, and their presence is associated with
shorter overall survival and duration of response to therapy.

Translocation (4; 14) can be found in roughly 10-15% of newly diagnosed MM patients and
results in an overexpression of fibroblast growth factor receptor 3 (FGFR3) that in turn drives
cellular proliferation and survival. Although it can be argued that bortezomib can now
overcome the adverse prognosis associated with translocation (4; 14), it remains a poor
prognostic markers in geographic areas where either socioeconomics or medical economics
dictate initial choice of therapy for newly diagnosed MM [5]. Translocations (14;16) and (14;20)
[6], [7] occur in less than 5% of newly diagnosed MM cases and lead to overexpression of MAF
and MAF-B proto-oncogenes, respectively. Deletion 17p results in deletion of the tumor
suppressor gene p53 and occurs in ~10% new MM cases [8]. It has been reported that borte‐
zomib may overcome adverse prognosis associated with deletion 17p [9], but it appears that
this benefit only happens in “low-risk” MM patients as defined by the Arkansas 70-gene
expression profiling risk model [10]. Lastly, amplification of chromosome 1q21 has not only
been associated with MGUS to MM progression [11] but also with poor prognosis in MM
regardless of therapeutic era [12]. Amongst the many genes over-expressed by 1q21 amplifi‐
cation, are the proteasome genes which appear to portend poor durability of response and
may be partly responsible for resistance to bortezomib [12]. In an effort to incorporate biologic
information in upfront staging, there have several attempts to combine cytogenetic data with
ISS in prognostic models. Neben et al [13] demonstrated that newly diagnosed MM patients
with high burden of disease (ISS stages II/III) when presenting with either t (4; 14) or del17p
have overall shorter PFS and OS (Figure 2 C).
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Figure 2. Impact of cytogenetic abnormalities to achieving response (a), overall and progression free survival (b). Com‐
bined ISS staging and cytogenetic risk stratification in newly diagnosed MM (c).

2.2. Serum light chain and heavy chain assays

The measurement of biological markers for multiple myeloma serum and urine specimen has
proven to be invaluable in detection and monitoring of disease progression. In fact, the
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observation of association of multiple myeloma with the presence of Bence Jones proteins in
the urine 150 years ago consisting of immunoglobulin free light chains represents one of the
first widely utilized tumor marker assays. Since that time a great deal of effort has gone into
the development of new markers for multiple myeloma, as well as more efficient use of existing
markers. These include nephlometric determination of serum free light chains (FLC) and more
recently intact Ig subsets; IgGκ, IgGλ, IgAκ and IgAλ (heavy/light chain immunoassays or
HLC). Both of these markers have exhibited apparent value as diagnostic and prognostic
indicators.

As our understanding of the utility of these markers deepens, we achieve better understanding
in how to most effectively use these markers in combination with other methods for mono‐
clonal protein detection (See Figure 3). Current international guidelines for identifying
monoclonal gammopathies (MG) include serum protein electrophoresis (SPEP), immunofix‐
ation electrophoresis (IFE) and serum free light chain (FLC) immunoassays with derived
kappa/lambda (κ/λ) ratios [14], [15]. As a first step, Immunofixation (IFE) is typically the assay
utilized to identify the clonal isotype and is also generally utilized to provide a qualitative
assessment of monoclonal (MC) Igs and light chain proteins, although alternate algorithms
have been evaluated [16].

Test Patient  Reference Interval

Original Clone by IFE IgGκ None

SPEP M‐protein determination 3.0 g/L Negative

Total IgG 4.82 g/L 7.14 ‐ 13.94 g/L

HLC IgGκ 4.39 g/L 4.03‐9.78 g/L

HLC IgGλ 0.47g/L 1.97‐5.71 g/L

HLCr (IgGκ/IgGλ ratio) 9.36 0.98‐2.75

FLCκ 2.57 mg/dL 0.33‐1.94 mg/dL

FLCλ 0.33 mg/dL 0.57‐2.63 mg/dL

FLCr (κ/λ ratio ) 7.79 0.26‐1.65

Patient IFE Patient SPEP

G     A      M     κ λ

Figure 3. Combining serum protein electrophoresis, immunofixation, the free light chain assay and heavy chain assay
to profile a patient with newly diagnosed MM.
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bined ISS staging and cytogenetic risk stratification in newly diagnosed MM (c).
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The measurement of biological markers for multiple myeloma serum and urine specimen has
proven to be invaluable in detection and monitoring of disease progression. In fact, the
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observation of association of multiple myeloma with the presence of Bence Jones proteins in
the urine 150 years ago consisting of immunoglobulin free light chains represents one of the
first widely utilized tumor marker assays. Since that time a great deal of effort has gone into
the development of new markers for multiple myeloma, as well as more efficient use of existing
markers. These include nephlometric determination of serum free light chains (FLC) and more
recently intact Ig subsets; IgGκ, IgGλ, IgAκ and IgAλ (heavy/light chain immunoassays or
HLC). Both of these markers have exhibited apparent value as diagnostic and prognostic
indicators.

As our understanding of the utility of these markers deepens, we achieve better understanding
in how to most effectively use these markers in combination with other methods for mono‐
clonal protein detection (See Figure 3). Current international guidelines for identifying
monoclonal gammopathies (MG) include serum protein electrophoresis (SPEP), immunofix‐
ation electrophoresis (IFE) and serum free light chain (FLC) immunoassays with derived
kappa/lambda (κ/λ) ratios [14], [15]. As a first step, Immunofixation (IFE) is typically the assay
utilized to identify the clonal isotype and is also generally utilized to provide a qualitative
assessment of monoclonal (MC) Igs and light chain proteins, although alternate algorithms
have been evaluated [16].

Test Patient  Reference Interval

Original Clone by IFE IgGκ None

SPEP M‐protein determination 3.0 g/L Negative
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G     A      M     κ λ

Figure 3. Combining serum protein electrophoresis, immunofixation, the free light chain assay and heavy chain assay
to profile a patient with newly diagnosed MM.
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Free light chain assays

Although monoclonal serum free light chains (FLC) can be quantified by SPEP in some cases,
the use of sFLC nephelopmetric or turbidimetric immunoassay has become standard practice
for measuring free kappa (κ) and frees lambda (λ) light chains in monoclonal gammopathies
and other patient specimens [17]- [19]. These assays measure free light chains and do not react
to light chains bound to heavy chain [20]. In addition to high sensitivity and specificity,
advantages of the use of serum FLC nephelometric assays involves the use of numerical κ/λ
ratios as a clinically sensitive marker of monoclonal FLC production as it also includes
suppression of the non-tumor FLC in its calculation [21].

In the decade since introduction of the free light chain serum assay a great deal has been
elucidated regarding the clinical value of these assays. The value of serum free light chains
in the detection and screening for disease has been well  established,  culminating in the
inclusion of  the  free  light  chain  measurements  into  the  International  Myeloma working
group  guidelines.  The  vast  majority  of  multiple  myeloma  symptomatic  patients  (95%)
exhibit abnormal free light chain ratios [22]. The use of a combination of serum IFE and
sFLC chain is  proposed to be sufficient to screen/detect  disease in new multiple myelo‐
ma patients. Furthermore, in contrast to M-spike, the κ/λ ratio (FLCr) has been reported
to  be  a  superior  prognostic  marker  for  active  multiple  myeloma,  smoldering  multiple
myeloma and MGUS [24]- [26].

Heavy light chain assays

The observed utility of sFLC κ/λ ratios has prompted interest in the analysis of intact Ig’κ,
Ig’λ and Ig’κ/Ig’ λ ratios, which has been made possible with the recent availability of HLC or
Hevylite™ immunoassays which have been recently made available from the Binding Site [27],
[28]. These assays utilize epitopes which span specific intact heavy and light chain pairings.
Thus they can be used to quantitatively measure concentrations of specific antibody species
such as IgG κ, IgG λ, IgA κ and IgA λ. It should be noted that the Hevylite assay is not specific
to a monoclonal protein but the presence of monoclonal protein is often indicated by an
abnormal HLC kappa/lambda ratio. Although the clinical utility of these Heavy Light Chain
measurements are still being explored, there is indication that HLC Ig’κ/Ig’λ ratios may have
diagnostic value for multiple myeloma and may also have utility in the monitoring of disease
state [27]- [29]. Following identification by IFE, monoclonal immunoglobulins are typically
quantified by serum protein electrophoresis (SPEP) and total immunoglobulin determinations,
although the results of these assays do not always agree [30]. The clinical utility of the HLC
assay could be particularly beneficial when measurements of monoclonal immunoglobulins
may be adversely affected as a result of procedural challenges associated with electrophoresis
and biological variances typically observed in myeloma patients. Finally, recent reports have
also suggested that measurement of the HLC ratios and suppression of concentrations of non-
clonal HLC proteins of the same class are of prognostic significance in monoclonal gammo‐
pathies of undetermined significance (MGUS) [31] and MM [32]. Further work continues to
elucidate the degree and clinical prognostic role of HLC measurements.
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2.3. Flow cytometry

The diagnosis of multiple myeloma and determining the response to therapy has traditionally
been done by morphological evaluation of the bone marrow for neoplastic plasma cells, and
protein studies including serum protein electrophoresis, and immunofixation. Flow cytometry
(FCM) for plasma cell enumeration in the bone marrow or peripheral blood has not been
popular, in part due to the lower yield of plasma cells by FCM [33], [34]. With advent of multi-
color flow cytometers, FCM is now recognized as a fast, cheap and sensitive tool to get
multiparametric information on the plasma cells in MM. FCM has a distinct advantage over
morphological, immunohistochemical, or even molecular tests in distinguishing normal from
neoplastic plasma cells when the plasma cell numbers are very low. The availability of
standardized consensus guidelines from the European Myeloma Network [33] regarding
methodology, antibody panels and combinations, and absolute numbers required for assess‐
ment to obtain reliable results for small numbers of neoplastic plasma cells by FCM has
improved confidence in using FCM as a diagnostic and prognostic tool in MM.

The main prognostic uses of multiparametric flow cytometry (MFC) in MM include antigenic
profile of malignant plasma cells and detection of minimal residual disease detection. Several
antigens are differentially expressed on normal and neoplastic plasma cells. These include
CD38, CD138, CD45, CD56, CD19, CD117, CD20, CD27, CD28, CD33, CD39, CD40, CD44,
CD81, Cyclin C1, and CD34 [34]- [37]. The expression of these antigens is on a continuum;
therefore no single antigen can distinguish a normal from neoplastic PC. Results from several
large consensus studies have shown that a minimum panel of CD19 and CD56 in addition to
the basic CD38, CD138, and CD45 can discriminate neoplastic PC in more than 90% of the
instances, and the discriminatory power increases to more than 95% on addition of CD117,
CD20, CD28, and CD27 to the panel [35], [36]. In addition to enumeration of neoplastic plasma
cells in the bone marrow, several studies have demonstrated the prognostic value of the
residual normal plasma cell population in the bone marrow [37] demonstrated that in nearly
80% of patients with MGUS, >5% plasma cells out of the total bone marrow plasma cells are
normal (benign, reactive), as opposed to <15% of patients with MM who may have >5% normal
plasma cells; a distinction of MGUS from smoldering myeloma can thus be made by assessing
the proportion of residual normal PC. The authors further demonstrated that patients with
MGUS and SMM with a marked predominance of aberrant plasma cells/ total bone marrow
plasma cells (> or = 95%) at diagnosis had a significantly higher risk of progression to symp‐
tomatic MM, and in multivariate analysis the percentage of aberrant plasma cells to total bone
marrow plasma cells was the most important independent variable together with DNA
aneuploidy for progression free survival in both MGUS and SMM [37]. Furthermore, MM
patients with >5% normal plasma cells constitute a biologically distinct group with low tumor
burden and a better response to HDT/autologous HSCT [38].

Prognostic value of individual antigens

The prognostic significance of individual antigens expressed by the neoplastic plasma cells is
less clear. A correlation of CD20 expression with cyclin D1 positivity and presence of t(11;14)
and a better outcome has been reported; not all CD20 expressing myelomas express cyclin D1
or t(11;14), and vice versa [39]. The importance of CD20 expression lies in the potential for use
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80% of patients with MGUS, >5% plasma cells out of the total bone marrow plasma cells are
normal (benign, reactive), as opposed to <15% of patients with MM who may have >5% normal
plasma cells; a distinction of MGUS from smoldering myeloma can thus be made by assessing
the proportion of residual normal PC. The authors further demonstrated that patients with
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plasma cells (> or = 95%) at diagnosis had a significantly higher risk of progression to symp‐
tomatic MM, and in multivariate analysis the percentage of aberrant plasma cells to total bone
marrow plasma cells was the most important independent variable together with DNA
aneuploidy for progression free survival in both MGUS and SMM [37]. Furthermore, MM
patients with >5% normal plasma cells constitute a biologically distinct group with low tumor
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of Rituxumab in these patients. Neural adhesion molecule or CD56 is an aberrant marker
expressed in 75% of MM cases. Loss of CD56 is described in plasma cell leukemia and myeloma
cells in extramedullary locations [40]; a correlation of CD56 negativity with plasma cell
leukemia or circulating myeloma cells and decreased osteolysis is reported [41], but no definite
association with aggressive disease is established [42]. Syndecan-1 (CD138), a molecule
belonging to the heparin sulphate family, is a universal marker for normal and neoplastic
plasma cells [43]. CD138 mediates myeloma cell adhesion, and interaction with the extracel‐
lular matrix. CD138 may be shed from the cell surface. Soluble CD138 is a marker of plasma
cell apoptosis and some studies have shown soluble CD138 level is a powerful independent
prognostic factor both at diagnosis and at plateau phase [44], [45]. Shed CD138 accumulates
in the fibrotic stroma; its presence on intravascular and intrasinusoidal plasma cells indicates
that its loss is not associated with extramedullary disease [46]. CD45 expression is observed
in plasma cells with higher proliferative index and as such may be associated with high-grade
myeloma. Recent studies have shown that CD19, CD28, and CD117 provide clinically signif‐
icant prognostic information; positivity for CD19 and CD28 and lack of expression of CD117
correlate with shorter overall and progression-free survival [46]. Many of these immunophe‐
notypic-clincal outcome associations may be due to the associated genetic abnormalities and
not the antigen expression per say– CD28+/CD117- myelomas are often non-hyperdiploid and
associated with a higher frequency of t(4;14); CD28 positivity also with 17(p) deletion, and
CD20 expression with t(11;14). These –immunophenotypic and genetic correlations need
further investigation for validation [46].

Detection of minimal residual disease and prognosis

According to the IMWG response criteria [25], [47], complete remission (CR) in MM requires
absence of demonstrable monoclonal protein by serum electrophoresis or immunofixation,
disappearance of soft tissue plasmacyomas, and <5% bone marrow plasma cells. Since
morphological evaluation of the bone marrow has limited sensitivity, the IMWG proposed
additional criteria including absence of clonal plasma cells based on immunohistochemical
staining of bone marrow sections, and a normalized free light chain ratio to further define
stringent CR. We (unpublished observation) and others [48] have observed that oligoclonal
plasma cell proliferations are common after auto HSCT and may disturb the free light chain
ratios and limit interpretation of plasma cell clonality by immunohistochemical or in-situ
hybridization studies on the bone marrow biopsies. Figure 4 show an example of MFC
performed in on a 6-color instrument. Simultaneous analysis of multiple discriminatory
antigens allows separation of a small proportion of aberrant plasma cells within a background
of reactive plasma cells. The predictive prognostic role of MRD by MFC of plasma cells has
been demonstrated both in the pre- and post transplant setting. Dingli et al [49] demonstrated
that detection of circulating myeloma cells in the peripheral blood by FCM prior to auto-HSCT
is an independent prognostic factor for overall survival and time to disease progression in
multivariate analysis. In a prospective study of MRD assessment by MFC of plasma cells in
295 newly diagnosed MM patients uniformly treated in the GEM2000 protocol, both the
progression-free survival (p<1.001) and overall survival (p=0.002) were longer in patients who
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were MRD negative by MFC of plasma cells on day 100 following auto-HSCT [50]. The
predictive value of MFC persists even in patients who are negative for MM by immunofixation.

Figure 4. Dot plots showing cell gating strategies to evaluate minimal residual disease in Note that the selected cells
in green are CD45-, CD38 (low), CD27-, CD19-, CD81(weak to negative), and CD56- in contrast to the normal residual
plasma cells (red) that are CD45+, CD38(bright), CD27+, CD19+, CD81+, and CD56-, and normal B- cells (purple) that
are CD45+, CD19+, and CD81+, but negative for CD38, and CD27. Total 1.7 million events are analyzed. The abnor‐
mal/normal plasma cell ratio can be calculated from the numbers in the table (2.38%).

2.4. Gene expression profiling

GEP was first used to study MM by De Vos and colleagues in 2001 [51]. In these early experi‐
ments, human myeloma cell lines and plasma cell leukemia patient samples were analyzed on
small-scale, filter-based complementary DNA arrays to identify genes involved in intercellular
signalling. Subsequently, Stewart et al used a combination of high-throughput DNA sequenc‐
ing and microarrays using DNA samples from several cases of plasma cell leukemia to
establish a comprehensive list of genes that are expressed in MM [52]. GEP analyses in MM
have evolved tremendously over the last decade and helped with getting a global biologic
understanding of the disease.

GEP also helps identify different signatures that confer an adverse outcome as shown by the
University of Arkansas for Medical Sciences (UAMS) 70-gene signature (GEP-70) as proof of
concept that identifies 13-20% “high risk” newly diagnosed patients with short progression
free and overall survival even when with the Total Therapy approach[3],[4], [53]. The GEP-70
model has 30% of the informative genes mapped to chromosome 1 and poor prognosis is
associated with 1q21 amplified genes. A UAMS 17-gene signature has also been reported,
primarily using the 1q21 amplified genes, which could predict outcome as well as the 70-gene
signature [54] but has not replaced the GEP-70. The UAMS GEP-80 gene signature [12] was
discovered when comparing pre- and post-bortezomib GEP studies in newly diagnosed MM
treated on the Total Therapy 3 trials[3],[4]. This signature was used to identify patients who
may be resistant to bortezomib therapy and it showed both higher PSMD4 expression levels
and higher 1q21 copy numbers affecting clinical outcome adversely. The UAMS GEP-80 high
risk signature provides additive and complimentary information to the UAMS GEP-70
signature.
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The prognostic validity of the GEP-70 high risk signature has been confirmed in several
independent patient cohorts (IFM 99 trial [55], ECOG E4A03 trial [55], HOVON-65 trial [57]).
The Intergroupe Francophone du Myélome (IFM) have developed a 15-gene model [55], which
described a set of genes that control proliferation and chromosomal instability. This model
was able to identify high risk group in UAMS population but with less statistical significance.
It was also interesting to note that IFM-15 and UAMS GEP-70 gene models do not share any
common genes, which likely reflects the redundancy in the genes and pathways with prog‐
nostic significance in MM. Recently, the EMC-92 gene model has been reported on the
HOVON65 clinical trial patients, with no overlapping genes compared with UAMS 70-gene
signature and it identifies an additional 3-4% high risk MM patients to the existing GEP
signatures [57].

Patients with low risk disease usually survive on a median about 6-7 years or longer when
compared to those with high risk disease, who survive on a median ~ 3 years. On the other
hand those with intermediate risk have been shown to have comparable survival to low risk
patients in studies where there was early use of bortezomib plus ASCT [58]. The disease subset
with GEP70 high risk signature, translocation (14; 16), translocation (14; 20), and deletion 17p
remains a challenge. Clinical trials addressing this difficult group of newly diagnosed patients
are now being conducted, such as the SWOG-1211(NCT01668719) study [59], to establish
guiding posts for future trials.

3. Emerging role of magnetic resonance imaging & 18-Flouro-Deoxy-
Glucose (FDG) positron emission tomography

Imaging techniques are also considered as important prognostic tools. The metastatic bone
survey (MBS), a whole body x-ray, has been used as a standard for evaluating bone disease
(osteolytic lesions or osteopenia). Unfortunately, the MBS does not detect bone destruction
until more than 70% of the bone has decalcified [60]. The DSS1 has associated poor prognosis
to patients with > 2 MBS osteolytic lesions, a feature seen in 33% of newly diagnosed MM
patients [61]. It also appears that the MBS related poor prognosis still holds true in the era of
novel agents [62], [63].

Magnetic resonance imaging (MRI) and more recently, positron emission tomography
integrated with computed tomography (PET/CT) using radionuclide18F labeled with fluoro‐
deoxyglucose (18F-FDG) have demonstrated effective detection of bone lesions, marrow
involvement and in the case of the latter; demonstrating active or inactive disease and their
use can provide vital prognostic information (See Figure 5). Studies utilizing the PET/CT and
MRI by the Arkansas group [61]- [63] and the Italian group [64] have looked at the prognostic
implications of the number of focal lesions (FL), the uptake of FDG expressed as standardized
uptake value (SUV), presence of extramedullary disease (EMD), at baseline and after treatment
in previously untreated myeloma patients. The results from these studies showed that FL
number adversely affected over survival (OS) and event free survival (EFS) independently, as
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did presence of EMD and failure of FDG suppression. Higher SUV of the most active FL
(SUVmax) on PET/CT is also associated with poor outcomes(SUVmax >3.9 [62] or SUVmax >4.2 [64]).

Sagi t t a l  STIR MRI AP FDG PET

Figure 5. Left panel shows MRI focal lesion on sagittal STIR images; right panel shows AP FDG uptake on PET

Specifically, baseline PET focal lesions > 3 (32% of newly diagnosed MM) and baseline MRI
focal lesions > 7 (36% of newly diagnosed MM) were associated with shorter EFS and OS in
Total Therapy 3 trials. It was also observed seen that complete suppression of FDG before the
first autologous stem cell transplant (ASCT) conferred a favorable affect on outcome especially
seen in the GEP 70 – defined high risk patients [61], [62]. More recently, it has also shown that
absence of PET suppression by Day 7 of first induction cycle in MM patients treated on the
Total therapy 3 trials have shorter progression free survival (PFS) and OS [65]. These obser‐
vations have important implications and would need further validation in the era of novel
therapy induction regimens. One could potentially identification of high risk patients based
on imaging response that would require change in therapeutic strategy, similar in fashion to
how PET is employed in aggressive lymphomas.

PET/CT and MRI are not yet established as a standard for diagnosis and disease evaluation,
as concerns have arisen due to heterogeneity of visual criteria and inconsistency in interpre‐
tation of results [66]. In current practice, the PET/CT can be employed in patients presenting
with solitary plasmacytomas where the clinical suspicion for systemic disease is high, or when
patients are relapsing biochemically but bone marrow biopsy provides ambiguous results. The
use of MRI and PET/CT is presently limited to clinical investigations, partly due to the
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economic implications of broader usage in clinical practice. These concerns may be alleviated
may be in the future with development of more efficient and cost-effective technologies.

4. Conclusion and future directions

Our understanding of MM has grown many folds over the last 2 decades with a better
understanding of the genomic heterogeneity associated with this disease. We are just begin‐
ning to combine the clinical and biologic prognostic markers in newly diagnosed multiple
myeloma patients in efforts to better stratify patients and choosing appropriate therapies.
There are multinational efforts, such as the CoMMpass study, aiming to provide for a com‐
prehensive understanding of the disease in the era of novel agents [66]. With the advances in
drug development, we are getting closer to developing a risk-adaptive therapeutic strategy
for majority of MM patients. There is a robust pipeline of novel targeted agents on the horizon
for MM. It appears that there will be enough effective and tolerable therapeutic agents in the
oncologist’s armamentarium that the treatment strategy will take in to account both the clinical
and biologic risk factors for a truly personalized medicine experience. The advances in
diagnostic and prognostic tools will also provide impetus for a response-adaptive strategy
which will likely be incorporated in the therapeutic matrix as the data emerges over the next
decade.
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1. Introduction

Osteolytic  bone  disease  in  multiple  myeloma  (MM)  is  a  common  event.  Already  at
diagnosis, approximately eighty percent of patients present with abnormal bone structure
[1;2].  During  disease  progression  a  large  proportion  of  patients  will  develop  ostelytic
lesions  [3].  MM bone disease  not  only  results  in  a  reduced quality  of  life  due  to  pain,
pathological  fractures,  or  symptomatic hypercalcaemia [4];  but may also be the  deciding
factor that determines if a patient requires anti-myeloma treatment or if a watch and wait
strategy can be applied [5]. In this chapter we will discuss the normal bone remodelling
process, and how it is affected in MM. During the last decades, increased knowledge about
bone  pathophysiology  in  general  has  led  to  an  improved  understanding  of  MM  bone
disease. The description of the receptor activator of nuclear factor kappa B (RANK) and
its ligand in the nineties was one of the most significant steps. We will also address how
biochemical markers may be used to monitor the velocity of the different processes in bone
remodelling. The next part of the chapter will be dedicated to the treatment of MM bone
disease. For many years, bisphosphonates have been a cornerstone in the treatment of MM
bone disease and despite the occurrence of osteonecrosis of the jaw that was first report‐
ed as a result of the of bisphosphonate treatment in the early part of this century, these
agents remain the most important components of treatment for MM bone disease. Lastly,
we will discuss how various anti-myeloma treatments may influence bone turnover. During
the last decade a number of novel drugs have been approved for the treatment of MM and
especially  proteasome  inhibitors  seems  to  have  a  positive  effect  on  MM  bone  disease
besides their anti-myleoma effect.
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2. Pathogenesis of multiple myeloma bone disease

2.1. Introduction

The reason for the excessive loss of bone mass observed in MM is multi factorial. For many
years attention was primarily focused on the increase in bone degradation which is observed
in the majority of MM patients.

Over the last decade however, it has become increasingly evident that impaired bone formation
also plays an important role in MM bone disease. In monoclonal gammopathy of unknown
significance (MGUS) and early stage MM with preserved bone structure, normal or even
increased bone formation may be observed. With disease progression and development of
osteolytic lesions bone formation becomes impaired, and this may be an important contribu‐
ting factor for the development of osteolytic lesions (see figure 1).

The interaction between the bone marrow microenvironment and the myeloma cells is also
considered to be crucial. A large number of cytokines and chemokines, that regulate the activity
of bone resorbing osteoclasts and bone forming osteoblasts, have been identified and studied in
MM. Recently, a structure consisting of a flat layer of osteoblast lineage cells, that separates the
bone surface from the bone marrow during bone remodelling, has been described. Disruption
of this cell layer, called the bone remodelling compartment (BRC) canopy, allows direct contact
between myeloma cells and the active bone remodelling cells, and this may affect both cell types.
Osteocytes have been sparsely investigated in MM. However, a recent article illustrates that also
this type of cell may be important for a better understanding of MM bone disease [6].

Bone resorption markers Bone formation markers 

With permission from the author; Søndergaard T. The effect of simvastatin on bone markers in multiple myeloma and
a description of the bone remodeling compartment. University of Southern Denmark, 2008.

Figure 1. Number of studies evaluating biochemical markers of bone turnover in MM patients in a ten year period.
Bone resorption markers are uniformly elevated, while the bone formation markers are more divergent, with in‐
creased levels observed in early stages of MM.
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3. Normal bone remodelling

Osteoclasts are the cells responsible for bone resorption. They originate from the monocyte-
macrophage cell line. Differentiation of hematopoietic precursor cells into mature osteoclasts
requires different environmental factors of which macrophage-colony stimulating factor (M-
CSF) and receptor activator for NF-κB ligand (RANKL) play an essential role. The early step
in osteoclastogenesis seems to be influenced by M-CSF [7], whereas RANKL initiates differ‐
entiation, cell fusion, and activation of mature osteoclasts [8]. During osteoclast development
the cell replaces the nonspecific esterase activity with tartrate-resistant acid phosphatase
isotype 5b (TRACP 5b), which is believed to be specific for osteoclasts. Osteoclastogenesis
results in the formation of large multinucleated cells located on the bone surface where bone
degradation takes place. Bone degradation is achieved by an active secretion of protons from
the osteoclasts into the resorption pits. The protons decrease the pH and cause decalcification
of the bone matrix [9]. After decalcification the collagen fibres are degraded mainly by the
proteolytic enzymes cathepsin K and various matrix metalloproteinases [10].

Osteoblasts are responsible for the formation of new bone following osteoclast-mediated bone
resorption. Osteoblasts originate from differentiated mesenchymal stem cells under the
influence of Runt-related transcription factor (Runx2) and the wingless type signalling (Wnt)
factors. Runx2 is required for the differentiation of mesenchymal cells into osteoblasts [11].
The Wnt-pathway mediates the formation of a complex, which in turn inhibits the proteasomal
degradation of β-catenin. The increasing level of β-catenin has a stimulating effect on osteoblast
differentiation and maturation [12]. The Wnt-pathway can be inhibited by Dickkopf 1 (DKK1),
resulting in decreased bone formation.

Mature osteoblasts are lined in groups located along the newly resorbed bone. Placed on the
resorption site, the osteoblasts secrete the components needed to generate bone matrix, mainly
collagen type 1 [13]. The bone formation ends with calcification of the newly synthesized bone.
During bone formation some osteoblasts are incorporated into the bone matrix and become
osteocytes. Bone lining cells and the canopy cells are also of osteoblast lineage.

Activation of bone remodelling is not yet clearly understood. However, it is thought that
osteocytes may, at least partly, be of importance for the activation of bone remodelling.
Osteocytes in the bone matrix may respond to mechanical stimulation and via communication
through their networks of canaliculli initiate bone resorption. Osteocyte death probably also
plays a role in the recruitment of osteoclasts.

Bone remodelling takes place on bone surface where the osteoclasts and osteoblasts are
covered by a canopy of flattened cells of osteoblast lineage [14;15]. The space between the
canopy and the bone surface undergoing remodelling is named the bone remodelling com‐
partment (BRC). Disruption of the BRC canopy may impair bone remodelling [16]. Several
factors of importance for the regulation of bone remodelling have been identified during the
last decades. Within this chapter, we will only review some of the most important. The RANKL,
RANK, and the decoy receptor osteoprotegerin (OPG) are probably the most significant factors
in the regulation of normal physiological bone remodelling. RANK is expressed on the surface
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resorption site, the osteoblasts secrete the components needed to generate bone matrix, mainly
collagen type 1 [13]. The bone formation ends with calcification of the newly synthesized bone.
During bone formation some osteoblasts are incorporated into the bone matrix and become
osteocytes. Bone lining cells and the canopy cells are also of osteoblast lineage.

Activation of bone remodelling is not yet clearly understood. However, it is thought that
osteocytes may, at least partly, be of importance for the activation of bone remodelling.
Osteocytes in the bone matrix may respond to mechanical stimulation and via communication
through their networks of canaliculli initiate bone resorption. Osteocyte death probably also
plays a role in the recruitment of osteoclasts.

Bone remodelling takes place on bone surface where the osteoclasts and osteoblasts are
covered by a canopy of flattened cells of osteoblast lineage [14;15]. The space between the
canopy and the bone surface undergoing remodelling is named the bone remodelling com‐
partment (BRC). Disruption of the BRC canopy may impair bone remodelling [16]. Several
factors of importance for the regulation of bone remodelling have been identified during the
last decades. Within this chapter, we will only review some of the most important. The RANKL,
RANK, and the decoy receptor osteoprotegerin (OPG) are probably the most significant factors
in the regulation of normal physiological bone remodelling. RANK is expressed on the surface
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of osteoclast precursor cells, and as mentioned above, stimulation with RANKL is essential for
osteoclastogenesis [17]. RANKL is expressed by osteoblasts and bone marrow stromal cells.
OPG has a high affinity for RANKL and functions as the physiological inhibitor of RANKL
[18]. Since osteoblasts can stimulate osteoclast activity through the expression of RANKL and
inhibit it through the secretion of OPG, osteoblasts hold a key position in the coupling between
bone formation and bone degradation. Another interesting regulator of bone degradation is
macrophage inflammatory protein 1-α (MIP-1α). MIP-1α has been shown to be a potent
activator of osteoclasts [19]. MIP-1α stimulates the activity and formation of osteoclasts
indirectly by increasing the stromal cell expression of RANKL on the one hand [20; 21], but it
also stimulates osteoclast formation independently of the RANKL system, though binding to
the CCR1 or the CCR5 osteoclast receptor [21].

Figure 2. Normal bone remodelling and bone remodelling in multiple myeloma. A: Osteocytes sense mechanical
stress and activate bone remodelling. B: Osteoclast precursors differentiate into mature multinucleated osteoclasts. C:
The osteoclasts resorb bone matrix. D: Following bone resorption mononucleated osteoblasts lay down new bone in
the resorbed area. E: During bone formation of new bone, osteoblasts are imbedded in the new bone matrix and dif‐
ferentiate into osteocytes. F: The bone remodelling takes place beneath a canopy of cells belonging to the osteoblast
lineage G: Malignant plasma cells disrupt the bone remodelling compartment canopy and H: Increase osteoclastogen‐
esis and I: Decrease osteoblastogenesis.

4. Abnormal bone remodelling in multiple myeloma

Increased bone degradation is an early event in MM. Retrospective studies using bone
histomorphometry on bone marrow biopsies from patients diagnosed with MGUS harvested
three to twelve months before these patients developed MM, were found to have increased
bone degradation compared with MGUS patients who did not progress to MM during the first
year after MGUS was diagnosed [22]. In MM both the number and the activity of the osteoclasts
are found to be increased, and this may result in either focal or more diffuse loss of bone matrix
when not compensated for by an equal increase in bone formation [23;24].

Several factors of importance for the development of MM bone disease have been identified
during the last decades. The RANK/RANKL/OPG system is one of the most significant. In
normal bone remodelling the RANKL/OPG ratio is tightly balanced. In MM the RANKL/OPG
ratio is increased, both due to an elevated level of RANKL and as a result of a decrease in the
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level of OPG, thus resulting in increased bone resorption [25]. The increased soluble RANKL/
OPG ratio has been shown to correlate with the extent of bone disease and even with overall
survival [25;26]. In addition, myeloma cells stimulate bone degradation by the secretion of
MIP-1α. In approximately 70% of MM patients, bone marrow serum levels of MIP-1α are
elevated [27] and peripheral blood levels of MIP-1α have been found to correlate with bone
disease and overall survival [28;29].

Vascular endothelial growth factor (VEGF) is known to be important for neovascularisation,
but it probably also plays a role in the activation of osteoclasts in MM. VEGF has been
demonstrated, in vitro, to act like macrophage colony-stimulating factor (M-CSF), thus
inducing osteoclast differentiation [30]. Furthermore, a simultaneous blockade of VEGF and
osteopontin has been shown to inhibit angiogenesis and bone resorption in co-cultures of
myeloma cells and osteoclasts [31]. Taken together, these results indicate that VEGF could be
of importance in bone resorption, and since the majority of myeloma cells can secrete VEGF it
has been suggested that VEGF may support osteoclastic bone resorption in MM [32]. Inter‐
leukin-6 (IL-6), stromal-derived factor-1α, tumor necrosis factor-α, and interleukin-11 are other
examples of cytokines known to stimulate osteoclasts, which are suggested to be of importance
in the development of MM bone disease [33;34].

The myeloma cells do not only affect the osteoclasts indirectly through the secretion of
cytokines into the bone marrow microenvironment, but a direct contact between myeloma
cells and bone marrow stromal cells or osteoclasts also seems to be an important factor in the
development of MM bone disease.

Disruption of the BRC canopy is a frequent finding in MM. This breakdown of the BRC canopy
allows a direct contact between the myeloma cells and the osteoclasts and osteoblasts involved
in bone remodelling. This event probably contributes to impaired bone formation and
enhanced bone resorption [16]. The extent of BRC canopy disruption in a histomorphometric
study of iliac crest biopsies was found to correlate with the magnitude of osteolytic lesions in
patients with MM [16]. Direct contact between human myeloma cells and bone marrow stromal
cells or pre-osteoblasts tested in a co-culture system resulted in a marked decrease in the
production of OPG, and thereby an imbalance in the RANKL/OPG ratio resulting in increased
bone degradation [35]. Cell to cell contact between myeloma cells and bone marrow stromal
cells has also been demonstrated to induce the secretion of IL-6 by bone marrow stromal cells
[31]. IL- 6 stimulates osteoclast formation and also has a promoting effect on myeloma cell
proliferation [36]. It has also been suggested that myeloma cells can fuse with osteoclasts to
create myeloma-osteoclast hybrid cells that may more aggressively erode bone than non-
hybrid osteoclasts [16;37].

Co-cultures of myeloma cells and osteoclasts have demonstrated an increased viability of the
myeloma cells caused by the direct cell to cell contact with osteoclasts [38]. Osteoclasts also
produce factors capable of promoting myeloma cell growth, including IL-6 [39] and insulin-
like-growth factor-1 (IGF-1) [40]. Osteoclasts can also support myeloma cell growth through
the production of angiogenic factors, and the direct contact between myeloma cells and
osteoclasts in co-cultures has been shown to enhance vascular tubule formation [41]. In animal
models the inhibition of osteoclast activity with recombinant OPG or bisphosphonates has
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bone degradation compared with MGUS patients who did not progress to MM during the first
year after MGUS was diagnosed [22]. In MM both the number and the activity of the osteoclasts
are found to be increased, and this may result in either focal or more diffuse loss of bone matrix
when not compensated for by an equal increase in bone formation [23;24].

Several factors of importance for the development of MM bone disease have been identified
during the last decades. The RANK/RANKL/OPG system is one of the most significant. In
normal bone remodelling the RANKL/OPG ratio is tightly balanced. In MM the RANKL/OPG
ratio is increased, both due to an elevated level of RANKL and as a result of a decrease in the
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level of OPG, thus resulting in increased bone resorption [25]. The increased soluble RANKL/
OPG ratio has been shown to correlate with the extent of bone disease and even with overall
survival [25;26]. In addition, myeloma cells stimulate bone degradation by the secretion of
MIP-1α. In approximately 70% of MM patients, bone marrow serum levels of MIP-1α are
elevated [27] and peripheral blood levels of MIP-1α have been found to correlate with bone
disease and overall survival [28;29].

Vascular endothelial growth factor (VEGF) is known to be important for neovascularisation,
but it probably also plays a role in the activation of osteoclasts in MM. VEGF has been
demonstrated, in vitro, to act like macrophage colony-stimulating factor (M-CSF), thus
inducing osteoclast differentiation [30]. Furthermore, a simultaneous blockade of VEGF and
osteopontin has been shown to inhibit angiogenesis and bone resorption in co-cultures of
myeloma cells and osteoclasts [31]. Taken together, these results indicate that VEGF could be
of importance in bone resorption, and since the majority of myeloma cells can secrete VEGF it
has been suggested that VEGF may support osteoclastic bone resorption in MM [32]. Inter‐
leukin-6 (IL-6), stromal-derived factor-1α, tumor necrosis factor-α, and interleukin-11 are other
examples of cytokines known to stimulate osteoclasts, which are suggested to be of importance
in the development of MM bone disease [33;34].

The myeloma cells do not only affect the osteoclasts indirectly through the secretion of
cytokines into the bone marrow microenvironment, but a direct contact between myeloma
cells and bone marrow stromal cells or osteoclasts also seems to be an important factor in the
development of MM bone disease.

Disruption of the BRC canopy is a frequent finding in MM. This breakdown of the BRC canopy
allows a direct contact between the myeloma cells and the osteoclasts and osteoblasts involved
in bone remodelling. This event probably contributes to impaired bone formation and
enhanced bone resorption [16]. The extent of BRC canopy disruption in a histomorphometric
study of iliac crest biopsies was found to correlate with the magnitude of osteolytic lesions in
patients with MM [16]. Direct contact between human myeloma cells and bone marrow stromal
cells or pre-osteoblasts tested in a co-culture system resulted in a marked decrease in the
production of OPG, and thereby an imbalance in the RANKL/OPG ratio resulting in increased
bone degradation [35]. Cell to cell contact between myeloma cells and bone marrow stromal
cells has also been demonstrated to induce the secretion of IL-6 by bone marrow stromal cells
[31]. IL- 6 stimulates osteoclast formation and also has a promoting effect on myeloma cell
proliferation [36]. It has also been suggested that myeloma cells can fuse with osteoclasts to
create myeloma-osteoclast hybrid cells that may more aggressively erode bone than non-
hybrid osteoclasts [16;37].

Co-cultures of myeloma cells and osteoclasts have demonstrated an increased viability of the
myeloma cells caused by the direct cell to cell contact with osteoclasts [38]. Osteoclasts also
produce factors capable of promoting myeloma cell growth, including IL-6 [39] and insulin-
like-growth factor-1 (IGF-1) [40]. Osteoclasts can also support myeloma cell growth through
the production of angiogenic factors, and the direct contact between myeloma cells and
osteoclasts in co-cultures has been shown to enhance vascular tubule formation [41]. In animal
models the inhibition of osteoclast activity with recombinant OPG or bisphosphonates has

Bone Disease in Multiple Myeloma
http://dx.doi.org/10.5772/55190

221



resulted in an increased in survival of mice inoculated with myeloma cells [42;43] but the
clinical data from myeloma patients treated with bisphosphonates have been less consistent
[44-48]. Nevertheless, the existence of a vicious cycle of bone resorption and tumour growth
in patients with MM seems plausible and may be supported by the demonstration of a survival
advantage in patients treated with zoledronic acid in the MRC IX trial [49].

Bone disease in MM is not only caused by an increased bone resorption, but the formation of
new bone may also be affected. A reduced recruitment of osteoblasts, as well as reduced
mineral deposition has been observed using histological methods in patients with MM [22].
In early stage of MM the number and activity of the osteoblasts can be increased but a marked
decrease occurs as the plasma cell infiltration progresses [50]. Disruption of the BRC canopy
in MM may be an important cause of the uncoupling of bone resorption and bone formation,
with the result that bone resorption is not followed by bone formation or that the bone
formation process is delayed or abolished [16]. Human plasma cells purified from bone
marrow biopsies of MM patients have been found to express the gene for DKK1, and immu‐
nohistochemical analysis of bone marrow biopsies have shown that myeloma cells contain
DKK1 [51]. In addition, blood and bone marrow serum levels of DKK1 have been demonstrated
to be elevated in patients with MM bone disease [51]. Since DKK1 is believed to inhibit the
stimulation of osteoblastogenesis via the Wnt-pathway this might cause impaired bone
formation. Runx2 may also be affected by myeloma cells. Runx2 is required for osteoblast
differentiation. The expression of Runx2 by mesenchymal cells has been found to decrease
after direct cell to cell contact with myeloma cells in co-cultures [52].

Osteocytes have not been widely investigated, and their involvement in MM bone disease is
unknown. Histological examination of compact bone from MM patients shows a significant
change in the morphology of osteocytes and their lacunae [53]. Likewise, a major change in
the gene expression profile of osteocytes in MM has also been observed. This indicates that
osteocytes are markedly affected in MM. A recently published study showed that MM patients
had significantly smaller numbers of viable osteocytes compared to healthy individuals [6].
Likewise MM patients with bone lesions were found to have a smaller number of viable
osteocytes compared with MM patients without bone lesions. The amount of viable osteocytes
was found to be negatively correlated with the number of osteoclasts and the authors suggest
an involvement of the osteocytes in MM-induced osteoclast formation [6].

Futhermore, healing of bone lesions in MM bone disease does not occur frequently, even in
patients who respond well to anti-myeloma treatment. It remains unclear why bone remod‐
elling does not normalise when the influence from myeloma cells disappears after successful
treatment. It may be due to irreversible damage of key elements in the bone formation process
(i.e. the BRC).

5. Biochemical markers of bone turnover

Conventional radiography has for many years been the standard method for the diagnosis of
myeloma bone disease. This modality, however, suffers from a low sensitivity, since 30% of the
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trabecular bone mass must be absent for a lesion to become detectable. Computed tomogra‐
phy can increase the sensitivity at the cost of higher radiation exposure. Both modalities, however,
only provide static information concerning the accumulated bone disease. Biochemical markers
of bone turnover can provide dynamic information concerning the velocity of bone turn-over at
any given time point, and can be measured from either blood or urine samples. Furthermore,
bone formation and bone resorption can be evaluated separately. Bone markers can be divid‐
ed into two categories: they are either collagen fragments released during the formation or
destruction of the collagen triple helix structure of which bone consists, or they are enzymes
released form either osteoblasts or the osteoclasts (see figure 3). Bone resorption markers from
the first group include the cross-linked telopeptides of type-1 collagen NTX, CTX, ICTP and DPD
(Table 1). They are products of osteoclast-mediated degradation of collagen and therefore reflect
bone resorption. Bone formation markers from this group include PINP and PINC (Table 1).
These markers are products of the cleavage process of procollagen into collagen and therefore
the measured levels will reflect the amount of newly formed bone matrix. The second group of
bone markers include TRACP-5b, bALP and OC (Table 1). TRACP-5b is secreted by osteo‐
clasts and used as a marker of osteoclast number and activity, whereas bALP and osteocalcin
are produced by osteoblasts and used as markers of osteoblast number and activity. The levels
of bone markers have been shown to correlate with the degree of bone resorption or bone
formation  using  classical  bone  histomorphometry  [54;55].  Furthermore,  bone  resorption
markers decrease when treatment with anti-resorptive drugs is initiated [56]. Conversely, the
discontinuation of anti-resorptive drugs leads to a rise in bone resorption markers [57]. However,
when using biochemical markers it is important to be aware of the fact that the level of mark‐
ers may be influenced by a number of factors, such as age, gender, drugs, renal- and liver function
or diet. Especially the collagen-mediated markers are sensitive to food intake. Despite the interest
in bone markers, there is still no consensus on how they should be used to monitor disease activity
and response to treatment in MM [58].

Bone marker Abbreviation Type Analytical specimen

C-terminal cross-linking telopeptide

of type-1 collagen
CTX Bone resorption marker Serum, Urine

N-terminal cross-linking telopeptide

of type-1 collagen
NTX Bone resorption marker Serum, Urine

C-terminal cross-linking telopeptide

of type-1 collagen generated by

metalloproteinase

ICTP Bone resorption marker Serum

Deoxypyridinoline DPD Bone resorption marker Serum, Urine

Tartrate-resistant acid phosphatase

isotype 5b
TRACP-5b

Bone resorption marker

osteoclast activity
Serum

Bone-specific alkaline phosphatase bALP Bone formation marker Serum

Osteocalcin OC Bone formation marker Serum

Procollagen type-1 N-propeptide PINP Bone formation marker Serum

Procollagen type-1 C-propeptide PICP Bone formation marker Serum

Table 1. Biochemical markers of bone turnover
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resulted in an increased in survival of mice inoculated with myeloma cells [42;43] but the
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Bone disease in MM is not only caused by an increased bone resorption, but the formation of
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mineral deposition has been observed using histological methods in patients with MM [22].
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5. Biochemical markers of bone turnover

Conventional radiography has for many years been the standard method for the diagnosis of
myeloma bone disease. This modality, however, suffers from a low sensitivity, since 30% of the
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released form either osteoblasts or the osteoclasts (see figure 3). Bone resorption markers from
the first group include the cross-linked telopeptides of type-1 collagen NTX, CTX, ICTP and DPD
(Table 1). They are products of osteoclast-mediated degradation of collagen and therefore reflect
bone resorption. Bone formation markers from this group include PINP and PINC (Table 1).
These markers are products of the cleavage process of procollagen into collagen and therefore
the measured levels will reflect the amount of newly formed bone matrix. The second group of
bone markers include TRACP-5b, bALP and OC (Table 1). TRACP-5b is secreted by osteo‐
clasts and used as a marker of osteoclast number and activity, whereas bALP and osteocalcin
are produced by osteoblasts and used as markers of osteoblast number and activity. The levels
of bone markers have been shown to correlate with the degree of bone resorption or bone
formation  using  classical  bone  histomorphometry  [54;55].  Furthermore,  bone  resorption
markers decrease when treatment with anti-resorptive drugs is initiated [56]. Conversely, the
discontinuation of anti-resorptive drugs leads to a rise in bone resorption markers [57]. However,
when using biochemical markers it is important to be aware of the fact that the level of mark‐
ers may be influenced by a number of factors, such as age, gender, drugs, renal- and liver function
or diet. Especially the collagen-mediated markers are sensitive to food intake. Despite the interest
in bone markers, there is still no consensus on how they should be used to monitor disease activity
and response to treatment in MM [58].
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6. Treatment of multiple myeloma bone disease

6.1. Anti-resorptive treatments:

Until now, bisphosphonates remain the only registered agents for the treatment of osteolytic
bone disease in MM. Bisphosphonates are synthetic analogues of pyrophosphate with a high
affinity for the hydroxyapatite in the bone. After administration, bisphosphonates are rapidly
cleared from the blood and incorporated into the bone matrix or excreted through the kidneys.
If imbedded in the bone matrix they remain incorporated for many years, or until the bone is
degraded by the osteoclasts [59]. Three generations of bisphosphonates exist, and each is many
fold more potent than the previous [60]. The different bisphosphonates can be distinguished
by the absence or presences of a nitrogen atom in the R2 position of the bisphosphonate, with
the amino-bisphosphonates being the most potent. When the osteoclast degrades bone, the
bisphosphonate is taken up through endocytosis and causes apoptosis either through the
incorporation into non-functional adenosine triphosphate (non-nitrogen containing bi‐
sphosphonates), or through the inhibition of farnesyl pyrophosphate synthase (nitrogen
containing bisphosphonates)[61]. Early studies, using the least potent bisphosphonate,
etidronate, showed no clinical benefit on MM bone disease [62], whereas the slightly more
potent clodronate could diminish progression of osteolysis, but had no effect on bone pain or
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BONE RESORPTION BONE FORMATION 
osteoblast cell  
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Figure 3. Biochemical markers of bone remodelling can be divided into markers reflecting bone resorption (left) and
marker reflecting bone formation (right). They can also be divided in markers reflecting a change in the collagen ma‐
trix (upper part) or markers reflecting the activity of bone resorbing or bone forming cells (lower part).
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pathological fractures [63]. In 1996 and 1998, Berenson et al. published two studies, in which
patients were randomised to placebo or the amino-bisphosphonate pamidronate. A significant
effect was observed with regard to reduced pain, fewer skeletal related events, and improved
quality of life [64;65]. Initially, no effect could be observed in overall survival, however using
a Cox multivariable regression analysis a slight increase in overall survival was observed for
a subgroup of patients. A subsequent phase III trial, comparing the more potent bisphonate
zoledronic acid with pamidronate in breast cancer patients with bone metastases and MM
patients, demonstrated a superiority of zoledronic acid over pamidronate in reducing skeletal
events in the breast cancer group but not in the MM sub-population. No difference was
observed in overall survival [66]. Later publications indicated that there could be an effect on
overall survival but only with the most potent bisphosphonates [67-70]. In 2010 a large meta-
analysis concluded that there was no effect on overall survival in MM provided by bisphosph‐
onates in general [71]. However, later the same year the large MRC IX trial, reported that
zoledronic acid was superior to the non-nitrogen containing bisphosphonate clodronate, not
only with regard to the control of bone disease, but zoledronic acid also increased overall
survival by 5.5 months [49]. Because of the MRC IX data, an updated version of the meta-
analysis was published in 2012. Still, no significant effect on overall survival was observed for
bisphosphonates in general, but “meta regression analysis indicated that the beneficial effect
of bisphosphonates on mortality in patients with MM may be a function of drug potency, with
zoledronate being the most potent” [72].

Bisphosphonates are potential nephrotoxic compounds and dosage adjustment according to
creatinine clearance are required [73].

In 2003, it was reported for the first time, that exposure to bisphosphonates could also cause
osteonecrotic lesions, especially in the oral cavity. This complication was termed bisphosph‐
onate-associated osteonecrosis of the jaw (BON) [74]. BON is commonly observed after surgical
dental procedures, e.g. tooth extractions, but spontaneous cases do occur [75]. The incidence
of BON increases with treatment duration [76], as well as with the potency of the bisphosph‐
onate used [77]. The aetiology of BON remains controversial. One possible explanation could
be that the profound suppression of osteoclast activity results in the accumulation of micro‐
fractures in the bone. This explanation is in accordance with the fact that BON incidence
increases with treatment duration and potency of bisphosphonate type and that BON is also
observed after treatment with denosumab, a monoclonal antibody that inhibits osteoclast
activity by binding to RANKL. It has also been suggested that BON may occur because of the
anti-angiogenic effects of bisphosphonates [78]. Indeed, BON seems to be more commonly
observed in patients receiving other anti-angiogentic compounds such as thalidomide [77].
Thirdly, it has been speculated that the frequent findings of actinomycosis in the lesions may
be part of the pathogenesis and not only a secondary event, especially since prophylactic
antibiotics during dental procedures seem to reduce the incidence of BON [79]. Recently,
osteomalacia, which in adults is often a consequence of vitamin D deficiency, has been
suggested as a risk factor for BON [80]. Once established BON is difficult to cure, and surgical
treatment may worsen the situation [75]. Case-reports suggest several treatment modalities,
including low-level laser therapy [81;82], hyperbaric oxygen treatment [83], long-term
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pathological fractures [63]. In 1996 and 1998, Berenson et al. published two studies, in which
patients were randomised to placebo or the amino-bisphosphonate pamidronate. A significant
effect was observed with regard to reduced pain, fewer skeletal related events, and improved
quality of life [64;65]. Initially, no effect could be observed in overall survival, however using
a Cox multivariable regression analysis a slight increase in overall survival was observed for
a subgroup of patients. A subsequent phase III trial, comparing the more potent bisphonate
zoledronic acid with pamidronate in breast cancer patients with bone metastases and MM
patients, demonstrated a superiority of zoledronic acid over pamidronate in reducing skeletal
events in the breast cancer group but not in the MM sub-population. No difference was
observed in overall survival [66]. Later publications indicated that there could be an effect on
overall survival but only with the most potent bisphosphonates [67-70]. In 2010 a large meta-
analysis concluded that there was no effect on overall survival in MM provided by bisphosph‐
onates in general [71]. However, later the same year the large MRC IX trial, reported that
zoledronic acid was superior to the non-nitrogen containing bisphosphonate clodronate, not
only with regard to the control of bone disease, but zoledronic acid also increased overall
survival by 5.5 months [49]. Because of the MRC IX data, an updated version of the meta-
analysis was published in 2012. Still, no significant effect on overall survival was observed for
bisphosphonates in general, but “meta regression analysis indicated that the beneficial effect
of bisphosphonates on mortality in patients with MM may be a function of drug potency, with
zoledronate being the most potent” [72].

Bisphosphonates are potential nephrotoxic compounds and dosage adjustment according to
creatinine clearance are required [73].

In 2003, it was reported for the first time, that exposure to bisphosphonates could also cause
osteonecrotic lesions, especially in the oral cavity. This complication was termed bisphosph‐
onate-associated osteonecrosis of the jaw (BON) [74]. BON is commonly observed after surgical
dental procedures, e.g. tooth extractions, but spontaneous cases do occur [75]. The incidence
of BON increases with treatment duration [76], as well as with the potency of the bisphosph‐
onate used [77]. The aetiology of BON remains controversial. One possible explanation could
be that the profound suppression of osteoclast activity results in the accumulation of micro‐
fractures in the bone. This explanation is in accordance with the fact that BON incidence
increases with treatment duration and potency of bisphosphonate type and that BON is also
observed after treatment with denosumab, a monoclonal antibody that inhibits osteoclast
activity by binding to RANKL. It has also been suggested that BON may occur because of the
anti-angiogenic effects of bisphosphonates [78]. Indeed, BON seems to be more commonly
observed in patients receiving other anti-angiogentic compounds such as thalidomide [77].
Thirdly, it has been speculated that the frequent findings of actinomycosis in the lesions may
be part of the pathogenesis and not only a secondary event, especially since prophylactic
antibiotics during dental procedures seem to reduce the incidence of BON [79]. Recently,
osteomalacia, which in adults is often a consequence of vitamin D deficiency, has been
suggested as a risk factor for BON [80]. Once established BON is difficult to cure, and surgical
treatment may worsen the situation [75]. Case-reports suggest several treatment modalities,
including low-level laser therapy [81;82], hyperbaric oxygen treatment [83], long-term
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administration of antibiotics [84], autologous bone marrow transplantation [85], and ozone
therapy [86]. Because of the difficulties in treating BON, focus has mainly been on preventing
the occurrence in the first place. This has been done partly by implementing preventive dental
procedures prior to the initiation of therapy with bisphosphonates, but probably more
importantly by reducing the exposure time to bisphosphonates. The oral microflora also seems
to play a role in the development of BON and antibiotic prophylaxis before dental procedure
may reduce the risk of developing BON [79]. Concerning the preventive procedures, there are
data indicating a positive effect [87;88]. Concerning the reduced exposure time there are few
supportive data, but recommendations based on expert opinion do exist [89-92]. Corso et al.
demonstrated that monthly infusions for one year followed by four infusions the following
year offered equal bone protection but reduced BON incidence compared to the monthly
infusions for two years [93]. Lund et al. have provided evidence that one year of monthly
infusions offers inferior anti-resorptive protection after discontinuation compared with two
years of monthly infusions based on consecutive measurement of markers of bone turnover
[57]. A more rational approach to reduce the bisphosphonate load without increasing the risk
of osteolysis, could be to monitor the patient´s ongoing bone remodelling using biochemical
markers of bone turnover in order to provide individualized treatment. Data now exist which
indicate that bone remodelling markers may predict osteolysis before it becomes manifest by
X-ray or CT-scan [94].

Denosumab is a humanized antibody with high affinity for RANKL. By targeting RANKL,
denosumab mimics physiological OPG and thus blocks the stimulation of the osteoclasts
through the NF-κB receptor. Denosumab could be expected to have a favourable impact on
MM bone disease due to its effect on the increased RANKL/OPG ratio observed in MM
patients. In 2006 Body et al. published a study investigating the effect of a single dose of
subcutaneous denosumab compared with a single dose of intravenous pamidronate on the
urinary and serum levels of the bone resorption marker NTX. The study population consisted
of 54 patients with bone lesions and either MM (n=25) or breast cancer (n=29). The study
reported that the compounds were well-tolerated and to a similar extent decreased the
investigated bone resorption marker NTX [95]. A phase II study including 96 MM patients, in
either relapse or plateau phase, where denosumab was administered every fourth week also
demonstrated a decrease in bone resorption markers, even in patients previously treated with
bisphosphonates, with an acceptable safety profile [96]. In a phase III trial patients (n=1776)
with cancer bone metastases (excluding breast and prostate cancer) or MM (10% of the study
population) were randomized to treatment with either zoledronic acid or denosumab.
Denosumab was found to be equivalent to zoledronic acid in delaying time to first on-study
skeletalrelated event. Noteworthy, in a subgroup analysis of the MM patients (n=180),
mortality appeared to be increased in those treated with denosumab with a hazard ratio of
2.26 (95% CI: 1.13-4.50) [97]. Recently, new data from this trial has been published. Results of
patient-reported outcomes of pain and health-related quality of life were reported to be equal
in the two treatments arms [98]. The frequency of osteonecrosis of the jaw seemed to be equal
for treatment with denosumab or zoledronic acid [97;99]. Denosumab is currently not regis‐
tered for the treatment of MM bone disease by US Food and Drug Administration or the
European Medicines Agency. [100;101], but it could perhaps in the future be used for the
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treatment of bone disease in patients with renal failure who are not suitable for treatment with
bisphosphonates due to the risk of aggravation of renal function.

6.2. Possible future anti-resorptive drug treatments

Several drugs targeting MM bone disease are under development e.g. the CCR1-inhibitor
(MLN3897) that blocks the CCR1 receptor on osteoclasts and thereby prevents stimulation by
MIP-1α [102]. Another candidate for the treatment of MM bone disease is the anti-DKK1
human antibody BHQ880. The agent has been shown to increase osteoblast differentiation in
vivo and in animal models to significantly increase the number of osteoblasts and trabecular
thickness [103]. Whether this bone anabolic effect will be found in humans will be of interest
because it raises the possibility for not only preventing bone loss, but also supporting new
bone formation. Clinical trials with BHQ880 are ongoing [104].

6.3. Anti-myeloma treatments

Treatment of MM using conventional chemotherapy usually does not induce healing of
osteolytic lesions even if patients respond well to the anti-myeloma treatment and obtain long
progression free periods [105-107]. Although markers of bone resorption may decrease [55]
serum levels of bone formation markers remain suppressed as a sign of continuously impaired
bone formation even in patients who have obtained complete response after treatment with
conventional chemotherapy [56;108].

Proteasome inhibitors have a well-documented anti-myeloma effect and they may also have
an impact on MM bone disease through the inhibition of osteoclasts and stimulation of
osteoblasts.

In vitro studies have demonstrated that proteasome inhibitors inhibit osteoclast differentiation
and resorptive activity by reducing the activity of NF-κB [109;110]. In vivo studies of the effect
of bortezomib on bone resorption markers show a rapid and significant decrease in CTX and
urinary NTX, but it has also been observed that the levels begin to increase again already 2-3
days after the intravenous injection of bortezomib [111]. The levels of the bone resorption
markers CTX and TRACP-5b and the RANKL/OPG ratio were also found to decrease after
four cycles of treatment with bortezomib in a clinical study including 34 myeloma patients
[112]. The ubiquitin-proteolytic pathway is a regulator of bone formation [113] and by blocking
this pathway proteasome inhibitors can stimulate osteoblast differentiation. Suggestions of the
underlying mechanism have been that proteasome inhibitors may increase the level of bone
morphogenetic protein 2 [114] and prevent the proteolytic degradation of RUNX-2 [115]. In
an in vitro study, it has been suggested the bortezomib may enhance bone formation through
the inhibition of DKK1 expression in osteogenic cells [116]. More studies have provided
evidence that proteasome inhibitors stimulate osteoblasts and bone formation in vitro as well
as in animals models [114;116-118], and histological investigations have demonstrated
increased numbers of osteoblasts in bone marrow sections from MM patient treated with
bortezomib [115]. Clinical studies have demonstrated that anti-myeloma treatment with
bortezomib induces an increased level of biochemical markers of bone formation both with
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Denosumab is a humanized antibody with high affinity for RANKL. By targeting RANKL,
denosumab mimics physiological OPG and thus blocks the stimulation of the osteoclasts
through the NF-κB receptor. Denosumab could be expected to have a favourable impact on
MM bone disease due to its effect on the increased RANKL/OPG ratio observed in MM
patients. In 2006 Body et al. published a study investigating the effect of a single dose of
subcutaneous denosumab compared with a single dose of intravenous pamidronate on the
urinary and serum levels of the bone resorption marker NTX. The study population consisted
of 54 patients with bone lesions and either MM (n=25) or breast cancer (n=29). The study
reported that the compounds were well-tolerated and to a similar extent decreased the
investigated bone resorption marker NTX [95]. A phase II study including 96 MM patients, in
either relapse or plateau phase, where denosumab was administered every fourth week also
demonstrated a decrease in bone resorption markers, even in patients previously treated with
bisphosphonates, with an acceptable safety profile [96]. In a phase III trial patients (n=1776)
with cancer bone metastases (excluding breast and prostate cancer) or MM (10% of the study
population) were randomized to treatment with either zoledronic acid or denosumab.
Denosumab was found to be equivalent to zoledronic acid in delaying time to first on-study
skeletalrelated event. Noteworthy, in a subgroup analysis of the MM patients (n=180),
mortality appeared to be increased in those treated with denosumab with a hazard ratio of
2.26 (95% CI: 1.13-4.50) [97]. Recently, new data from this trial has been published. Results of
patient-reported outcomes of pain and health-related quality of life were reported to be equal
in the two treatments arms [98]. The frequency of osteonecrosis of the jaw seemed to be equal
for treatment with denosumab or zoledronic acid [97;99]. Denosumab is currently not regis‐
tered for the treatment of MM bone disease by US Food and Drug Administration or the
European Medicines Agency. [100;101], but it could perhaps in the future be used for the

Multiple Myeloma - A Quick Reflection on the Fast Progress226

treatment of bone disease in patients with renal failure who are not suitable for treatment with
bisphosphonates due to the risk of aggravation of renal function.

6.2. Possible future anti-resorptive drug treatments

Several drugs targeting MM bone disease are under development e.g. the CCR1-inhibitor
(MLN3897) that blocks the CCR1 receptor on osteoclasts and thereby prevents stimulation by
MIP-1α [102]. Another candidate for the treatment of MM bone disease is the anti-DKK1
human antibody BHQ880. The agent has been shown to increase osteoblast differentiation in
vivo and in animal models to significantly increase the number of osteoblasts and trabecular
thickness [103]. Whether this bone anabolic effect will be found in humans will be of interest
because it raises the possibility for not only preventing bone loss, but also supporting new
bone formation. Clinical trials with BHQ880 are ongoing [104].

6.3. Anti-myeloma treatments

Treatment of MM using conventional chemotherapy usually does not induce healing of
osteolytic lesions even if patients respond well to the anti-myeloma treatment and obtain long
progression free periods [105-107]. Although markers of bone resorption may decrease [55]
serum levels of bone formation markers remain suppressed as a sign of continuously impaired
bone formation even in patients who have obtained complete response after treatment with
conventional chemotherapy [56;108].

Proteasome inhibitors have a well-documented anti-myeloma effect and they may also have
an impact on MM bone disease through the inhibition of osteoclasts and stimulation of
osteoblasts.

In vitro studies have demonstrated that proteasome inhibitors inhibit osteoclast differentiation
and resorptive activity by reducing the activity of NF-κB [109;110]. In vivo studies of the effect
of bortezomib on bone resorption markers show a rapid and significant decrease in CTX and
urinary NTX, but it has also been observed that the levels begin to increase again already 2-3
days after the intravenous injection of bortezomib [111]. The levels of the bone resorption
markers CTX and TRACP-5b and the RANKL/OPG ratio were also found to decrease after
four cycles of treatment with bortezomib in a clinical study including 34 myeloma patients
[112]. The ubiquitin-proteolytic pathway is a regulator of bone formation [113] and by blocking
this pathway proteasome inhibitors can stimulate osteoblast differentiation. Suggestions of the
underlying mechanism have been that proteasome inhibitors may increase the level of bone
morphogenetic protein 2 [114] and prevent the proteolytic degradation of RUNX-2 [115]. In
an in vitro study, it has been suggested the bortezomib may enhance bone formation through
the inhibition of DKK1 expression in osteogenic cells [116]. More studies have provided
evidence that proteasome inhibitors stimulate osteoblasts and bone formation in vitro as well
as in animals models [114;116-118], and histological investigations have demonstrated
increased numbers of osteoblasts in bone marrow sections from MM patient treated with
bortezomib [115]. Clinical studies have demonstrated that anti-myeloma treatment with
bortezomib induces an increased level of biochemical markers of bone formation both with
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regard to markers of osteoblast activation and also bone matrix deposition [118;119]. Alkaline
phosphatase was found to be significantly increased in patients who responded to bortezomib
treatment [119]. In another clinical study bone-specific alkaline phophatase (bALP) and
osteocalcin were found to be increased not only in responding patients, but also in patients
who did not achieve an anti-myeloma response to treatment with bortezomib [120]. This result
supports the assumption that bortezomib may have a bone anabolic effect independent of its
anti-myeloma effect. Enhancement of bone matrix deposition after mono-therapy with
bortezomib, has also been shown by the demonstration of increased serum levels of PINP
(Procollagen Type-I N-terminal propeptide) [118]. Both bALP and osteocalcin were found to
be increased after treatment with bortezomib in a clinical study of 34 relapsed myeloma
patients in non-responders and responders but the increase was highest in responding
patients. However no radiographic signs of healing of the baseline osteolytic lesions were
observed six month post-treatment [112]. Radiologic evidence of healing of lytic lesions was
observed in six out of 11 patients who responded to combination treatment with bortezomib,
melphalan, and prednisone while none of the evaluated patients who had achieved a response
to treatment with melphalan and prednisone without bortezomib showed radiological signs
of healing [121].

Pomalidomide (originally CC-4047), is a derivative of thalidomide that is anti-angiogenic and
acts as an immunomodulator. Pomalidomide is now tested in Phase III clinical trials and will
hopefully soon become available treatment of patients with relapsed or refractory MM. The
drug has been granted orphan status for the treatment of MM by the European Medicines
Agency [122]. Pomalidomide has been shown to inhibit osteoclasts differentiation in bone
marrow cultures which leads to a strong inhibition of bone resorption [123]. The inhibition of
osteoclast formation seems to occur through a reduction of the PU.1 expression. PU.1 is a
critical transcription factor in the development of mature osteoclasts. Lenalidomide, another
thalidomide derivative, has been shown to inhibit both an early step in osteoclastogenesis
through reduction of PU.1 expression and to reduce secretion of RANKL from bone marrow
stroma cells derived from patients with MM [124]. In a clinical study including 20 MM patients
with bone disease Breitkreuts et al. found a significant decrease in the serum levels of the
RANKL/OPG ratio after two cycles of treatment with lenalidomide [124]. Likewise, treatment
with thalidomide in combination with dexamethasone has a favourable effect on the RANKL/
OPG ratio [125]. Treatment with thalidomide in combination with dexamethasone can also
decrease the levels of the bone resorption markers CTX, NTX and TRACP-5b, however the
treatment does not increase the bone formation marker bALP or osteocalcin [126]. The failure
to increase bone formations markers in serum, correlates with the observation that none of the
responding patients in a clinical study of patients treated with a thalidomide/dexamethasone
combination, showed any radiological signs of healing of osteolytic lesions [125].

7. Conclusion

The pathophysiology in multiple myeloma bone disease is complex. There is evidence that not
only osteoclast activity but also other cells and structures responsible for normal bone
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metabolism are affected in different ways, suggesting that different targets for treatment may
be identified. The notion that myeloma-induced stimulation of osteoclast may promote growth
of myeloma cells and thus create a vicious circle emphasise the importance of improved
understanding as well as development of more efficient treatment of myeloma-induced bone
disease. Bisphosphonates remain so far the only registered drugs for treatment of multiple
myeloma bone disease. Due to risk of renal damage and bisphosphonate-associated osteonec‐
rosis of the jaw after treatment with the potent amino-bisphosphonates, alternatives are
wanted and several new drugs are under investigation. Furthermore, the optimal duration of
treatment with bisphosphonates remains unknown.

Treatment with conventional chemotherapy does not induce healing of osteolytic lesion even
in patients who have obtained complete response. However, novel drugs used for treatment
of multiple myeloma seem to affect bone metabolism besides their anti-myeloma effect and
cases with radiological signs of healing following treatment with bortezomib have been
reported.

The last decade has brought the understanding of multiple myeloma bone disease to a higher
level, new anti-myeloma drugs with positive effect on bone disease have been registered and
more are undergoing investigation. Still many questions regarding the pathophysiology and
treatment of multiple myeloma bone disease remain to be answered.
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Chapter 12

Rare Manifestations of Multiple Myeloma

Artur Jurczyszyn

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53385

1. Introduction

Multiple myeloma (MM) or plasma cell myeloma, is a haematological disease representing
1-2% of all cancers and about 15% of haematological malignancies. The classic form of MM is
characterized by generalized neoplastic changes in the bones accompanied by kidney damage,
impaired haematopoiesis and susceptibility to infections. In laboratory tests, MM manifests it‐
self by the presence of monoclonal protein, called paraprotein, in serum or urine. This results
from the fact that pathological plasma cells produce a complete immunoglobulin (Ig), usually
IgG or IgA, or only the kappa or lambda light chains. Solitary myeloma (osseous or extraoss‐
eous), non-secretory myeloma and secretory myeloma are rarer forms of MM. Sometimes,
however, the clinical picture of MM is quite different from the classic manifestation described
in the textbooks. This can cause diagnostic difficulties, thereby delaying treatment.

The atypical clinical and laboratory manifestations and paraneoplastic syndromes concomi‐
tant with a diagnosis of MM and described below, as are those that appear in the course of
the disease, especially in progression. Although they do not represent a significant percent‐
age of cases, knowledge of the rare clinical and laboratory variants of MM may assist in
making a differential diagnosis in cases of doubt.

In addition to their low incidence, rare manifestations of MM share the lack of valid relevant
scientific knowledge, which leads to difficulties in making firm therapeutic guidelines. In
fact, most of the information on these conditions derives from case reports and/or small ser‐
ies studies, making it rather difficult to develop any uniform treatment approaches. As a re‐
sult, several of rare manifestations of MM can well be controlled with standard regimens
used for classic MM, like for example non-secretory myeloma. However the satisfactory
strategies to control some of those conditions, such as plasma cell leukemia, are still unsatis‐
factory. These issues are best illustrated in the present work in the chapter discussing PO‐
EMS syndrome.

© 2013 Jurczyszyn; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Rare Manifestations of Multiple Myeloma

Artur Jurczyszyn

Additional information is available at the end of the chapter
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1. Introduction

Multiple myeloma (MM) or plasma cell myeloma, is a haematological disease representing
1-2% of all cancers and about 15% of haematological malignancies. The classic form of MM is
characterized by generalized neoplastic changes in the bones accompanied by kidney damage,
impaired haematopoiesis and susceptibility to infections. In laboratory tests, MM manifests it‐
self by the presence of monoclonal protein, called paraprotein, in serum or urine. This results
from the fact that pathological plasma cells produce a complete immunoglobulin (Ig), usually
IgG or IgA, or only the kappa or lambda light chains. Solitary myeloma (osseous or extraoss‐
eous), non-secretory myeloma and secretory myeloma are rarer forms of MM. Sometimes,
however, the clinical picture of MM is quite different from the classic manifestation described
in the textbooks. This can cause diagnostic difficulties, thereby delaying treatment.

The atypical clinical and laboratory manifestations and paraneoplastic syndromes concomi‐
tant with a diagnosis of MM and described below, as are those that appear in the course of
the disease, especially in progression. Although they do not represent a significant percent‐
age of cases, knowledge of the rare clinical and laboratory variants of MM may assist in
making a differential diagnosis in cases of doubt.

In addition to their low incidence, rare manifestations of MM share the lack of valid relevant
scientific knowledge, which leads to difficulties in making firm therapeutic guidelines. In
fact, most of the information on these conditions derives from case reports and/or small ser‐
ies studies, making it rather difficult to develop any uniform treatment approaches. As a re‐
sult, several of rare manifestations of MM can well be controlled with standard regimens
used for classic MM, like for example non-secretory myeloma. However the satisfactory
strategies to control some of those conditions, such as plasma cell leukemia, are still unsatis‐
factory. These issues are best illustrated in the present work in the chapter discussing PO‐
EMS syndrome.
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Furthermore, rare manifestations of MM are heterogonous also in their underlying cellu‐
lar and/or molecular mechanisms. These can be either a plasma-cell clone (non-secretory
myeloma),  paraprotein  or  cytokines  (some  of  the  paraneoplastic  disorders).  Moreover,
paraprotein  may  exhibit  autoantibody  activity  or  aggregate  into  insoluble  depositions.
This  relates  to  some other  uncommon conditions,  including various  types  of  amyloido‐
sis and cryoglobulinemia. In amyloidosis,  misfolding of proteins occurs.  Otherwise solu‐
ble,  misfolded  protein  molecules  tend  to  aggregate  as  extracellular  amyloid  fibrils,
leading to the damage of  the various tissues and organs.  In cryoglobulinemia,  parapro‐
teins present  in circulating blood can become insoluble in a  certain temperature,  result‐
ing  in  a  wide  spectrum  of  clinical  symptoms  depending  on  paraprotein  properties
(Merlini, Stone 2006).

Below, rare manifestations of MM are described in details. Their relative prevalence/inci‐
dence is given in Table 1. Table 2 provides short summary of the diagnostic and clinical
characteristics of the rare manifestations of MM, except for POEMS syndrome described in
more details in Table 3.

Rare manifestation of MM Percentage of all MM cases

Non-secretory myeloma 1-5%

Myeloma IgD, IgM and IgE

IgD 2%

IgM 0.2-0.5%

IgE Very rare

Plasma cell leukemia 0.5-3.0%

POEMS syndrome Very rare

Rare paraneoplastic syndromes

accompanying myeloma

Extremely rare

Family myeloma Extremely rare

Supporting references can be found in corresponding sections of the main text.

Table 1. Rare manifestations of multiple myeloma (MM) and their prevalence/incidence.
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Rare manifestation of MM Major diagnostic criteria

Non-secretory myeloma Bone marrow cytology and immunohistochemistry: the infiltration of

clonal plasma cells.

The clinical picture: classic osteolytic lesions and a decrease in the level of

normal (non-clonal) immunoglobulins.

Myeloma IgD Diagnosis: problematic because routine test does not detect the

monoclonal protein peak in 60% of patients, and when it is detected, the

concentration is usually smaller than 20 g/l. An overproduction of light

chains (usually lambda) is observed in 90-96% of patients.

The clinical picture: a variant of the light chain disease. Usually affects

younger patients, the disease course is more aggressive and often

accompanied by amyloidosis and extramedullary infiltrations.

Lymphadenopathy, renal failure and hypercalcemia are common.

Myopathy and carpal tunnel syndrome can be present.

Myeloma IgM Diagnosis: the presence of IgM monoclonal protein in serum; it is

necessary to differentiate with Waldenström's macroglobulinemia.

The clinical picture: the clonal proliferation of plasma cells in bone marrow

aspiration and the presence of hypercalcemia, renal failure and osteolytic

foci.

Myeloma IgE Frequent presence of plasma cells in peripheral blood, osteoblastic lesions,

hepatosplenomegaly and amyloidosis.

Plasma cell leukemia Diagnosis: at least 20% plasma cells in a peripheral blood smear and/or

the absolute number of plasma cells in the peripheral blood exceeding 2

g/l with a concomitant monoclonal gammopathy.

The clinical picture: extraosseous infiltrations, often with the involvement

of the central nervous system, and accompanied by organomegaly and

lymphadenopathy.

Rare paraneoplastic syndromes

accompanying myeloma

Sweet’s syndrome: granolocytosis, fever and painful erythematous skin

changes caused by skin granulocytic infiltrations that subside following

treatment with corticosteroids.

Bullous epidermal separation or pemphigus: subepidermal bubbles and

secondary ulcers.

Family myeloma The exact genetic cause remains unknown but autosomal inheritance with

low gene penetrance is most probable.

An annual immunoelectrophoresis of the urine and serum protein least

two cases of MM in first or second-degree relatives are present.

Supporting references can be found in corresponding sections of the main text. Detailed diagnostic criteria of POEMS
syndrome can be found in Table 3.

Table 2. Major diagnostic procedures and criteria of rare manifestations of multiple myeloma (MM).
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Disease Definitionof the disease References

POEMS

syndrome

All four criteria must be met:

1. The presence of the monoclonal protein (in serum and/or in urine),

especially the light chain type λ.

2. Peripheral polyneuropathy.

3. The presence of at least one "great" criterion:

• osteosclerotic changes in the skeletal system

• Castleman's disease

• high levels of vascular endothelial growth factor.

4. The presence of at least one "small" criterion:

• the enlargement of the internal organs (liver, spleen, lymph nodes)

• pleural effusion, ascites, oedema

• abnormal secretion of the endocrine glands (adrenal glands, thyroid,

parathyroid, pancreas, gonads, with the exception of diabetes or

hypothyroidism)

•skin lesions (hyperpigmentation, hypertrichosis, peripheral cyanosis,

abnormal structure of the nails)

• optic disc oedema,

• thrombocythaemia, polycythemia.

Kyle et al. 2009 Dispenzieri

et al. 2003

Dispenzieri et al. 2007

Rajkumar et al. 2011

Table 3. The criteria for diagnosis of POEMS syndrome.

2. Non-secretory myeloma

Non-secretory myeloma is one of the least frequent forms of MM. The classic diagnostic
methods of immunoelectrophoresis and immunofixation do not detect any monoclonal pro‐
tein in either urine or serum. These patients are usually referred to a haematologist as part
of a diagnosis for anaemia or bone changes. It is estimated that this form represents 1-5% of
all MM cases [Kyle et al. 2003, Blade, Kyle 1999]. The diagnosis is based on a bone marrow
examination (cytology and immunohistochemistry). This will confirm the infiltration of clo‐
nal plasma cells, although immunohistochemical tests do not confirm the existence of light
kappa or lambda chains in 15% of patients with non-secretory myeloma. The clinical picture
reveals classic osteolytic lesions and a decrease in the level of normal (non-clonal) immuno‐
globulins [Kyle et al. 2003, Blade, Kyle 1999] in 92% of patients. Although classic diagnostic
tests do not indicate the presence of monoclonal protein, the ratio of free light chains in se‐
rum (FLCr) is abnormal in more than 2/3 of patients. This test is recommended for these pa‐
tients to evaluate the effectiveness of the therapy [Durie 2006, Dispenzieri 2009]. A more
detailed analysis of the immunofixation test, together with the results of the test for free
light chains, allows the presence of monoclonal protein in serum to be ascertained. The pro‐
portion of patients with "true" non-secretory myeloma is consequently found to be much
smaller than 2%. Repeated bone marrow smear tests are the only way to assess the activity
of the disease [Durie 2006] in these patients. Cytogenetic abnormalities in patients with non-
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secretory myeloma do not differ from those observed in the secretory form [Blade, Kyle
1999]. Both the prognosis and the therapeutic recommendations are the same for patients
with non-secretory myeloma and the classic form of the disease, i.e. secretory myeloma.
Some studies, however, indicate that the prognosis for patients with non-secretory myeloma
treated using autologous transplantation is better than for the patients suffering from the
classic form of the disease [Terpos et al. 2003].

3. Myeloma IgD, IgM and IgE

The monoclonal production of immunoglobulin IgD A is a rare laboratory manifestation of
MM, observed in approximately 2% of patients with MM. Diagnostic problems arise from
the fact that the routine test does not detect the monoclonal protein peak in 60% of patients,
and when it is detected, the concentration is usually smaller than 20 g/l. An overproduction
of light chains (usually lambda) is observed in 90-96% of patients. This makes the clinical
picture a variant of the light chain disease [Blade, Kyle 1999, Kuliszkiewicz-Janus et al. 2005,
Shimamoto, 1991, Blades et al. 1994, Jancelewicz et al. 1975]. The clinical picture is also
slightly different, although this usually affects younger patients – the disease course is more
aggressive and often accompanied by amyloidosis and extramedullary infiltrations. Lym‐
phadenopathy is observed in 10% of patients [Shimamoto, 1991, Blades et al. 1994]. Renal
failure is observed in 33% of cases at the moment of diagnosis and hypercalcemia in 20%
[Homan et al. 1990]. The disease is often accompanied by neurological symptoms such as
myopathy and carpal tunnel syndrome, which is probably associated with the coexistence of
amyloidosis. IgD myeloma is often associated with connective tissue diseases. This can hin‐
der diagnosis due to the resulting low concentration of monoclonal protein. Previous analy‐
ses suggest that the mean survival time of patients with IgD MM is 13.7-21 months. This is
shorter than for the classic IgG and IgA MM [Blade et al. 1994, Jancelewicz et al. 1975]. More
recent analyses, however, indicate that 30% of patients with IgD myeloma live more than 3
years and 20% more than 5 years [Blade et al. 1994]. Shimamoto regards the presence of the
lambda chain and leukocytes in excess of 7 g/l as adverse factors responsible for the shorter
progression-free time in patients with IgD MM. Depending on the number of prognostic fac‐
tors, patients are classified into three prognostic groups: 0, 1 and 2 [Shimamoto et al. 1991].
Based on a retrospective analysis of 36 patients undergoing ablative chemotherapy, the
probability of 3-year survival and progression-free time were 69% and 38% respectively
[Sharma et al. 2010]. Some authors indicate that the use of myeloablative chemotherapy re‐
duces the differences between IgD MM and the classic forms of the disease [Sharma et al.
2010, Maisnar et al. 2008], but this remains a matter for discussion [Morris et al. 2010].

MM IgM is even less frequent (0.2-0.5% of patients with MM) [Reece et al. 2010, MacLennan
1992, Avet-Loiseau et al. 2003]. Although the presence of IgM monoclonal protein in serum
is one of the clinical features common to the disease and Waldenström's macroglobulinemia
(WM), the overall clinical picture is different. The differing prognoses and therapeutic rec‐
ommendations make a correct diagnosis all the more important. The clonal proliferation of
plasma cells usually observed in bone marrow aspiration, together with other characteristic
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clinical features of multiple myeloma such as hypercalcemia, renal failure and osteolytic fo‐
ci, support a diagnosis of IgM MM much more frequently than a diagnosis of WM. These
differential diagnostics may not be easy. Cytogenetic tests are helpful in these situations. Re‐
cent study results indicate that the presence of translocation t(11;14) associated with deregu‐
lation of cyclin D1 is specific for MM, but not for WM [Avet-Loiseau et al. 2003]. Another
differentiating feature is that 6q deletion istypical of WM [Schop et al. 2006]. Some authors,
however, indicate the limited sensitivity of cytogenetic testing in diagnosing MM IgM and
therefore seek other differential diagnostic tests [Schuster et al. 2010]. One would be an in‐
creased expression of interleukin-1b (IL-1b). This substance is responsible for the increased
production of interleukin 6 (IL-6) reported in patients with MM [Donovan et al. 2002]. The
treatment of patients with IgM MM does not differ substantially from the treatment of pa‐
tients with the classic form of MM. Some studies however, indicate a significantly worse
prognosis compared with the classic forms, i.e. a much shorter survival time and progres‐
sion-free time in patients with the rare form of MM [Morris et al. 2010]. Mean survival time
is 30 months and myeloablative chemotherapy does not alter this prognosis [Reece et al.
2010, Schuster et al. 2010].

IgE myeloma is very rarely detected. Several cases of this variant have been described [In‐
vernizzi et al. 1991, Hagihara et al. 2010, Chiu et al. 2010]. It manifests itself by the frequent
presence of plasma cells in peripheral blood, osteoblastic lesions, hepatosplenomegaly and
amyloidosis. The clinical course of this form of MM is usually aggressive and patients have
a shorter survival time than those with the classic forms (16 months on average). This may
be a result of a delayed diagnosis [Macro et al. 1999].

4. Plasma cell leukaemia

Plasma cell leukaemia is one of the most aggressive forms of MM. It is defined according to
the Kyle criteria. Diagnosis is predicated on there being at least 20% plasma cells in a pe‐
ripheral blood smear and/or the absolute number of plasma cells in the peripheral blood ex‐
ceeding 2 G/l with a concomitant monoclonal gammopathy [Sher et al. 2010, Jimenez-
Zepeda]. It should be noted that the presence of plasma cells in peripheral blood is
symptomatic of several infectious diseases, e.g. septic shock, parvovirus B19 infection, infec‐
tious mononucleosis, and Dengue fever. These diseases, however, are not accompanied by
the presence of monoclonal protein and the plasmacytosis abates with the other symptoms
[Gawoski, Ooi 2003, Bai et al. 2006].

Plasma cell leukaemia is rare. It is estimated to constitute 0.5-3% of MM [Han et al. 2008].
Two forms of the disease should be distinguished: a primary form identified in the initial
diagnosis; and a secondary form symptomatic of pre-existing classic MM. The primary form
was more frequent than the secondary in previous analyses, but the number of patients with
the primary and secondary forms is now similar [Sher et al.]. Complex cytogenetic abnor‐
malities are found in 70% of cases of plasma cell leukaemia. These usually include hypodi‐
ploidia and structural abnormalities of chromosomes 1, 13 and 14 that are similar in both
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forms of the disease [Fonseca et al. 2004, Chang et al. 2009, Colovic et al. 2008]. Plasma cell
leukaemia is the most aggressive clinical form of MM. Patients usually manifest extraoss‐
eous infiltrations, often with the involvement of the central nervous system, and accompa‐
nied by organomegaly and lymphadenopathy. The aggressiveness of the disease is also
demonstrated by the significantly increased activity of serum lactate dehydrogenase, high
levels of β2-microglobulin (in 65% of patients > 6 mg/l) and low serum albumin levels.

The prognosis remains poor, especially in the secondary form, where it is a consequence of
the progression of the disease and increasing chemoresistance. Moreover, resistance very
quickly develops in patients with primary leukaemia, despite their initial response to treat‐
ment. The average survival time is 8 months for patients with the primary form and 2
months for those with the secondary form [Garcia-Sanz et al. 1999, Tiedemann et al. 2008].
Because of the low incidence of the disease, there are no randomized controlled trials and
thus no therapeutic recommendations. Traditional schemes for treatment of MM are usually
ineffective. Even though prolongation of survival time was reported in patients after mye‐
loablative chemotherapy assisted by autotransplantation, this treatment was less effective
than it was in patients with the classic form of the disease. Allotransplantation is an alterna‐
tive, especially in the primary disease, which often affects younger people. Due to the limit‐
ed number of patients and lack of randomized studies, the effects of this treatment are
difficult to assess, but previous reports indicate moderate effectiveness and high mortality
(the mean survival time is 3 months) [Yeh et al. 1999].

New drugs, such as proteasome inhibitors and immunomodulatory drugs, are promising,
although the effectiveness of this treatment remains unsatisfactory. As thalidomide is of lim‐
ited efficacy and seems to have no significant effect on prolonging survival time in patients
with plasma cell leukaemia (reported mean survival time is 3 months) [Petrucci et al. 2007],
other authors have been presenting more promising data (survival time up to 14 months)
[Johnston, Abdalla 2002]. The use of lenalidomide has enabled a response to be obtained in
individual patients, as with resistance to other schemes, but this usually lasts 4-5 months
[Musto et al. 2008, Benson and Smith 2007]. The results of bortezomib treatment are slightly
more promising. This therapy, especially the combination therapy (VDT-PACE), enables a
response to be obtained in more than 90% of patients, including those in whom the disease
is initially chemoresistant. Mean survival time is 7-12 months [Albarracin, Fonseca 2011,
Musto et al. 2007], although survival times of up to 20 months have also been reported [Sher
et al. 2010, Ali et al. 2007]. Bortezomib appears to be able to overcome the adverse effects of
cytogenetic abnormalities [Katodritou et al. 2009] – as it does with classic MM – and should
therefore be considered a first-line treatment in patients with plasma cell leukaemia.

5. POEMS syndrome

The syndrome was first described in 1956 and was originally named the Crow–Fucasi syn‐
drome. Since 1980, it has been known by the acronym POEMS, derived from the symptoms
polyneuropathy, enlarged internal organs (organomegaly), endocrine disorders, monoclonal
protein and skin changes.
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Musto et al. 2007], although survival times of up to 20 months have also been reported [Sher
et al. 2010, Ali et al. 2007]. Bortezomib appears to be able to overcome the adverse effects of
cytogenetic abnormalities [Katodritou et al. 2009] – as it does with classic MM – and should
therefore be considered a first-line treatment in patients with plasma cell leukaemia.

5. POEMS syndrome

The syndrome was first described in 1956 and was originally named the Crow–Fucasi syn‐
drome. Since 1980, it has been known by the acronym POEMS, derived from the symptoms
polyneuropathy, enlarged internal organs (organomegaly), endocrine disorders, monoclonal
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The pathogenesis of POEMS syndrome is complex and not fully understood. The starting
point must be the mutation of the plasma cells producing the light chains (usually λ) as this
is what causes its clonal expansion. Karyotype tests of plasma cells usually reveal aneuploi‐
dy [Rose et al. 1997] and del13 [Bryce et al. 2007]. Whether a neoplastic clone produces its
characteristic symptoms through the direct action of monoclonal protein on some target
molecules and the secretion of various cytokines from neoplastic cells, or whether it hap‐
pens in an indirect manner, is not precisely known. It is believed that high levels of pro-an‐
giogenic and pro-inflammatory cytokines, especially IL-1β, TNF-α, IL-6 and a concentration
of vascular endothelial growth factor (VEGF) are essential to the development of the clinical
symptoms of POEMS syndrome [Gherardi et al. 1996, Hitoshi et al. 1994].

VEGF is considered to be the most important cytokine responsible for the development of
POEMS syndrome. This is the cytokine that reacts with endothelial cells and causes the rap‐
id and reversible increase in vascular filtration essential to angiogenesis and osteogenesis
[Endo et al. 2002, Soubrier et al. 1997]. The increased production of VEGF is also a result of
high concentrations of IL-1 and IL-6 [Soubrier et al. 1997]. VEGF 165 isoform is most com‐
monly diagnosed. The concentration of VEGF correlates with the progression of the disease,
but does not depend on the concentration of monoclonal protein [Watanabe et al. 1998].

POEMS syndrome is very rare. The incidence in Japan is 3 cases per million people per year
[Arimura et al. 2007], and this is estimated to be even less in Western Europe and the United
States of America. The peak incidence of POEMS syndrome occurs during the fifth and the
sixth decades of life [Dispenzieri et al. 2007]. POEMS syndrome is a chronic disease and
some patients live more than 10 years. Dispenzieri et al. have found that the mean survival
time of patients with POEMS is 13.8 years [Dispenzieri et al. 2003]. In turn, Gherardi et al.
have found that 7 out of 15 patients with POEMS syndrome live 5 years or more, including
one case of 25 years [Gherardi et al. 1991].

The criteria for diagnosing POEMS syndrome are summarized in Table 3.

The characteristic symptoms of POEMS syndrome should have a temporal relationship. The
most important symptom, i.e. the one that enables POEMS to be differentiated from other
plasma cell dyscrasias, is the ascertainment of single or multiple osteosclerotic changes. A
conclusive diagnosis of POEMS syndrome is unlikely in the absence of bone changes. Skin
changes, most commonly hypertrichosis and hyperpigmentation, may occur in POEMS pa‐
tients. Enlarged mammary glands and testicular atrophy may occur in men. Peripheral
blood count abnormalities, especially thrombocythemia and polyglobulia, are frequently de‐
tected by morphological examinations.

The concentrations of serum monoclonal protein and the level of Bence-Jones protein in
urine are lower than in patients with MM. Renal failure, high calcium plasma concentration,
and pathological bone fractures are rarely observed. The percentage of plasma cells is usual‐
ly less than 5% in bone marrow examinations. High concentrations of IL-1β, TNF-α, IL-6
and VEGF in serum are typical of POEMS [Soubrier et al. 1997].

Polyneuropathy is the predominant clinical symptom (100% of patients with POEMS syn‐
drome) [Kelly Jr. et al. 1983]. Initially, sensory disturbances occur mainly in the lower limbs.
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Gait disorders may appear later. This process is progressive and movement is difficult in
50% of patients. This can eventually cause disability. Bone pain and pathologic fractures are
rare. Other symptoms include progressive weight loss and muscle atrophy.

About 1/3 of patients develop ascites and fluid in the pleural cavities [Dispenzieri et al.
2007]. In 50% of patients, the liver, and less frequently the spleen and the lymph nodes, is
enlarged. A histopathological examination of the enlarged lymph node often indicates an‐
giofollicular lymph node hyperplasia (Castleman's disease) [Dispenzieri et al. 2003, Naka‐
nishi et al. 1984]. Some patients may develop venous and arterial thrombosis [Kang et al.
2003]. Impaired secretion of endocrine glands, most commonly hypogonadism, hypothyr‐
oidism, glucose metabolism and adrenal insufficiency, is diagnosed in about 84% of pa‐
tients. Most patients have impaired secretion in four or more endocrine glands. This may be
accompanied by failure of the gonads, thyroid, pancreas and adrenal glands.

Because the predominant symptom is polyneuropathy, patients with POEMS syndrome are
initially referred to neurologists - usually with suspected Guillain-Barré syndrome or chron‐
ic inflammatory demyelinating polyradiculoneuropathy.

Once the monoclonal protein accompanying the polyneuropathy has been detected, a differ‐
ential diagnosis should include AL, monoclonal gammopathy and MM.

The concentration of VEGF is one of the most sensitive tests to differentiate POEMS syn‐
drome from the other diseases mentioned above. The plasma of patients with POEMS syn‐
drome has a high VEGF concentration. VEGF concentration in patients with the other
diseases mentioned above is low [Gherardi et al. 1996, Watanabe et al. 1998].

The rare incidence of POEMS syndrome and the lack of definitive knowledge as to its causes
mean that there are no standards of treatment. For the same reason, there are no random‐
ized clinical trial results to evaluate the effectiveness of any given method of treatment.
Methods of treating POEMS syndrome patients have mainly been devised from clinical re‐
ports, case reports and retrospective observations (usually at a single centre), and the experi‐
ence gained from treating other plasma cells dyscrasias.

Radiotherapy is the treatment of choice for POEMS syndrome patients with isolated bone
lesions. If there are numerous bone changes and these coexist with other symptoms typical
of POEMS syndrome, it is recommended that patients be treated similarly to those with
MM. In older patients, the treatment is based on alkylating drugs, while the therapy for
younger patients includes high-dose chemotherapy-assisted auto-SCT [Dispenzieri et al.
2003].

The final confirmation of the hypothesis that VEGF is the major cytokine responsible for the
development of POEMS syndrome, will have a significant impact on changing the way that
POEMS patients are treated; the way which will be predominantly focused on VEGF..Nei‐
ther intravenous immunoglobulins nor plasmapheresis treatments benefit patients with PO‐
EMS syndrome [Dispenzieri et al. 2007]. The concomitant treatment with plasmapheresis
and corticosteroids was found to be more effective [Ku et al. 1995]. Melphalan is the drug
that has been used to treat dyscrasias the longest. The results of retrospective studies, in
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most important symptom, i.e. the one that enables POEMS to be differentiated from other
plasma cell dyscrasias, is the ascertainment of single or multiple osteosclerotic changes. A
conclusive diagnosis of POEMS syndrome is unlikely in the absence of bone changes. Skin
changes, most commonly hypertrichosis and hyperpigmentation, may occur in POEMS pa‐
tients. Enlarged mammary glands and testicular atrophy may occur in men. Peripheral
blood count abnormalities, especially thrombocythemia and polyglobulia, are frequently de‐
tected by morphological examinations.

The concentrations of serum monoclonal protein and the level of Bence-Jones protein in
urine are lower than in patients with MM. Renal failure, high calcium plasma concentration,
and pathological bone fractures are rarely observed. The percentage of plasma cells is usual‐
ly less than 5% in bone marrow examinations. High concentrations of IL-1β, TNF-α, IL-6
and VEGF in serum are typical of POEMS [Soubrier et al. 1997].

Polyneuropathy is the predominant clinical symptom (100% of patients with POEMS syn‐
drome) [Kelly Jr. et al. 1983]. Initially, sensory disturbances occur mainly in the lower limbs.
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2007]. In 50% of patients, the liver, and less frequently the spleen and the lymph nodes, is
enlarged. A histopathological examination of the enlarged lymph node often indicates an‐
giofollicular lymph node hyperplasia (Castleman's disease) [Dispenzieri et al. 2003, Naka‐
nishi et al. 1984]. Some patients may develop venous and arterial thrombosis [Kang et al.
2003]. Impaired secretion of endocrine glands, most commonly hypogonadism, hypothyr‐
oidism, glucose metabolism and adrenal insufficiency, is diagnosed in about 84% of pa‐
tients. Most patients have impaired secretion in four or more endocrine glands. This may be
accompanied by failure of the gonads, thyroid, pancreas and adrenal glands.

Because the predominant symptom is polyneuropathy, patients with POEMS syndrome are
initially referred to neurologists - usually with suspected Guillain-Barré syndrome or chron‐
ic inflammatory demyelinating polyradiculoneuropathy.

Once the monoclonal protein accompanying the polyneuropathy has been detected, a differ‐
ential diagnosis should include AL, monoclonal gammopathy and MM.

The concentration of VEGF is one of the most sensitive tests to differentiate POEMS syn‐
drome from the other diseases mentioned above. The plasma of patients with POEMS syn‐
drome has a high VEGF concentration. VEGF concentration in patients with the other
diseases mentioned above is low [Gherardi et al. 1996, Watanabe et al. 1998].

The rare incidence of POEMS syndrome and the lack of definitive knowledge as to its causes
mean that there are no standards of treatment. For the same reason, there are no random‐
ized clinical trial results to evaluate the effectiveness of any given method of treatment.
Methods of treating POEMS syndrome patients have mainly been devised from clinical re‐
ports, case reports and retrospective observations (usually at a single centre), and the experi‐
ence gained from treating other plasma cells dyscrasias.

Radiotherapy is the treatment of choice for POEMS syndrome patients with isolated bone
lesions. If there are numerous bone changes and these coexist with other symptoms typical
of POEMS syndrome, it is recommended that patients be treated similarly to those with
MM. In older patients, the treatment is based on alkylating drugs, while the therapy for
younger patients includes high-dose chemotherapy-assisted auto-SCT [Dispenzieri et al.
2003].

The final confirmation of the hypothesis that VEGF is the major cytokine responsible for the
development of POEMS syndrome, will have a significant impact on changing the way that
POEMS patients are treated; the way which will be predominantly focused on VEGF..Nei‐
ther intravenous immunoglobulins nor plasmapheresis treatments benefit patients with PO‐
EMS syndrome [Dispenzieri et al. 2007]. The concomitant treatment with plasmapheresis
and corticosteroids was found to be more effective [Ku et al. 1995]. Melphalan is the drug
that has been used to treat dyscrasias the longest. The results of retrospective studies, in
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which melphalan was mainly used in combination with prednisone (the treatment duration
was 12-24 months), indicate that a response to the treatment was obtained in 40% of patients
[Dispenzieri et al. 2003]. Cyclophosphamide allows for remission of the disease in a limited
number of patients. This treatment may be used in young patients who are candidates for
auto-SCT.

The results of high-dose chemotherapy-assisted auto-SCT are promising [Sanada et al. 2006],
as a response is obtained in over 90% of patients (Table 4). Transplant related mortality is
determined to be approximately 7%. This is higher than in MM patients treated with auto-
SCT and lower than in AL patients treated with auto-SCT [Gertz et al. 2002]. High dose che‐
motherapy assisted auto-SCT reduces the symptoms of polyneuropathy. When combined
with radiotherapy, this reduction can last months or even years [Ganti et al. 2005]. The clini‐
cal response to the treatment correlates more closely to the VEGF concentration than to the
monoclonal protein level [Nakano et al. 2001]. A complete haematological remission is not re‐
quired to obtain a clinical improvement. The effectiveness of the most common ways of
treating patients with POEMS syndrome is shown in Table 4.

Treatment Response to the treatment References

Corticosteroids ≥15% Dispenzieri et al. 2003

Nakanishi et al. 1984

Orefice et al. 1994

Treatment with alkylating drugs ≥40% Dispenzieri et al. 2003

Reitan et al. 1980

Radiation therapy ≥50% Dispenzieri et al. 2003

Iwashita et al. 1977

Reitan et al. 1980

Auto-SCT ≥90% Sanada et al. 2006

Ganti et al. 2005

Jaccard et al. 2002

Auto-SCT (auto-stem cells transplantation) – autologous transplantation of the stem cells obtained from peripheral
blood.

Table 4. The effectiveness of the most commonly used treatments in patients with POEMS syndrome.

Apart from the methods of treating POEMS syndrome mentioned above, there are few re‐
ports on the effectiveness of therapy combined with bevacizumab and thalidomide in pa‐
tients diagnosed with a relapse of POEMS syndrome after auto-SCT. The combination of
cyclophosphamide, dexamethasone and bevacizumab is another example of a modern com‐
bination therapy, described by Samaras et al., to treat POEMS syndrome relapse after auto-
PBSCT [Badros et al. 2005, Straume et al. 2006]. There are also case reports describing the
treatment of patients with POEMS syndrome using lenalidomide [Dispenzieri et al. 2007].
Recently, Szturz et al. [2012] reported on the successful application of lenalidomide in Cas‐
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tleman disease, a condition that can accompany POEMS syndrome. Other drugs used to
treat POEMS syndrome patients include interferon α [Coto et al. 1991], tamoxifen, trans reti‐
noic acid, thalidomide, ticlopidine, argatroban and strontium (89Sr) [Dispenzieri et al. 2007].
The effectiveness of these drugs is limited and further clinical trials are required.

Lenalidomide seems to be one of the most promising immunomodulatory drugs to treat PO‐
EMS syndrome, but further clinical studies are required [Dispenzieri et al. 2007].

High dose chemotherapy assisted auto-SCT remains the best therapeutic method, although
it also has the highest mortality rate.

6. Rare paraneoplastic syndromes accompanying myeloma

Sweet’s syndrome is one of the paraneoplastic syndromes that may accompany MM. This is
a group of symptoms including granolocytosis, fever and painful erythematous skin
changes caused by skin granulocytic infiltrations that subside following treatment with corti‐
costeroids [Paydas et al. 1993]. These changes are also found in the mouth, the joints and the
internal organs. Sweet's syndrome is extremely rare (0.25% of patients with MM) and is
most likely caused by an increased sensitivity to the growth factor. This can be explained by
an increased production of interleukin 6 (IL-6) [Bayer-Garner, Cottler-Fox, Smoller 2003].

Bullous epidermal separation (epidermolisis bullosa) may also coexist with MM. This is as‐
sociated with the production of IgG antibodies against the non-collagenous domain of type
VII collagen. This leads to the formation of subepidermal bubbles and secondary ulcers
[Radfar 2006]. Pemphigus has a similar clinical picture. This is a rare complication observed
in MM patients and is usually associated with IgA MM. This disease develops extremely
rarely and is sometimes also associated with gammopathy of undetermined significance. It
has been suggested that treatment should include bortezomib [Adam et al. 2010]. There are
many skin symptoms associated with monoclonal gammopathy: leukocytoclastic vasculitis,
pyoderma gangrenosum and Schnitzler syndrome. These, however, are rare and discussing
them is beyond the scope of this chapter [Harati et al. 2005].

7. Family myeloma

The cause of MM remains unknown [Lynch et al. 2008, Alexander et al. 2007, Morgan, Da‐
vies, Lineta 2002]. It seems that the hereditary cause is negligible, although family cases of
this cancer have been observed. It has also been described in connection with gammopathy
of undetermined significance [Lynch et al. 2008]. Large population studies also indicate that
MM, prostate cancer and malignant melanoma run in families, as do central nervous system
neoplasms, although the results of some studies do not confirm this [Eriksson, Hallberg
1992, Camp, Werner, Cannon-Albright, 2008]. The risk of familial MM is small. It is estimat‐
ed that the probability of first-degree relatives developing MM is 3.2 per 1000 cases and
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it also has the highest mortality rate.
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changes caused by skin granulocytic infiltrations that subside following treatment with corti‐
costeroids [Paydas et al. 1993]. These changes are also found in the mouth, the joints and the
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most likely caused by an increased sensitivity to the growth factor. This can be explained by
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Bullous epidermal separation (epidermolisis bullosa) may also coexist with MM. This is as‐
sociated with the production of IgG antibodies against the non-collagenous domain of type
VII collagen. This leads to the formation of subepidermal bubbles and secondary ulcers
[Radfar 2006]. Pemphigus has a similar clinical picture. This is a rare complication observed
in MM patients and is usually associated with IgA MM. This disease develops extremely
rarely and is sometimes also associated with gammopathy of undetermined significance. It
has been suggested that treatment should include bortezomib [Adam et al. 2010]. There are
many skin symptoms associated with monoclonal gammopathy: leukocytoclastic vasculitis,
pyoderma gangrenosum and Schnitzler syndrome. These, however, are rare and discussing
them is beyond the scope of this chapter [Harati et al. 2005].
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The cause of MM remains unknown [Lynch et al. 2008, Alexander et al. 2007, Morgan, Da‐
vies, Lineta 2002]. It seems that the hereditary cause is negligible, although family cases of
this cancer have been observed. It has also been described in connection with gammopathy
of undetermined significance [Lynch et al. 2008]. Large population studies also indicate that
MM, prostate cancer and malignant melanoma run in families, as do central nervous system
neoplasms, although the results of some studies do not confirm this [Eriksson, Hallberg
1992, Camp, Werner, Cannon-Albright, 2008]. The risk of familial MM is small. It is estimat‐
ed that the probability of first-degree relatives developing MM is 3.2 per 1000 cases and
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women are usually affected. Autosomal inheritance with low gene penetrance is believed to
be responsible for the onset of the disease. The risk of familial gammopathy of undeter‐
mined significance is slightly higher, although still small. Had there been at least two cases
of MM in first or second-degree relatives, an annual immunoelectrophoresis of the urine
and serum protein in people 40 years and over would be recommended. If MM had occur‐
red in anyone under 40 years old, the test would be recommended to relatives 35 years and
over [Gerkes et al. 2007].

The described forms of MM are extremely rare. They are an important diagnostic problem
because of their atypical clinical manifestation. The course of the disease is usually aggres‐
sive and the prognosis is serious. It is therefore essential that it be quickly and accurately
diagnosed. The lack of prospective studies of large groups of patients is an additional prob‐
lem. This makes these atypical clinical forms a therapeutic as well as a diagnostic challenge.
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1. Introduction

Multiple myeloma is a plasma cell malignancy characterized with clonal expansion of
malignant plasma cells within the bone marrow and followed by osteolytic bone disease. It
accounts for approximately 1% of all malignant diseases and represents about 10% of hema‐
tologic malignancies. Data from cloning and gene-sequencing studies strongly imply that the
malignant clone in MM arises from a late cell in B-cell development. Investigation of a patient
with suspected myeloma should include the screening tests. Electrophoresis of serum and
concentrated urine should be performed, followed by immunofixation to confirm and type
any M-protein present.

The common clinical presentations are fatigue and bone pain with or without associated
fractures or infection. Mechanical impacts like intraosseous tumor pressure, microfractures,
periost irritation, muscle spasm, nerve entrapment and compression of nerves by the collapsed
vertebrae are reasons of severe myeloma pain.

Radiographic skeletal survey and bone marrow aspiration and biopsy are performed for
diagnosis. Angtuaco EJ et al reported a radiologic review and explained that MR imaging bone
marrow surveys in patients with MM demonstrate the broad spectrum of involvement, the
results of treatment, the areas of potential complications, and the sites of focal disease for safe
bone biopsies [1].

Pain characteristics clinically can be summarised as, pain is worse in supine position, especially
at night or awakens from sleep, band like distribution around body, not relieved with rest and
nonsteroidal anti-inflammatory drugs (NSAIDS), associated symptoms like fever, weight loss
and progressive neurologic deficite in lower extremities. Somatic, visceral and neuropathic
components can be easily involved in myeloma pain [2].

Chronic pain is extremely prevalent among patients with cancer. According to studies cancer
pain can be relieved in more than 70% of patients using a simple opioid- based regimen.

© 2013 Ozyuvaci et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Whether there is a relatively lesser degree of opioid responsiveness in chronic cancer pain,
then adjuvant analgesics are neccessary. Adjuvant analgesics describe the drug with a primary
indication other than pain, but with analgesic properties in some painful conditions, they are
usually coadministered with analgesics (acetaminophen, NSAIDS, opioids) when treating
cancer pain. Common causes of chronic pain in cancer patients as multiple myeloma patients
are releated to peripheral neuropathy due to chemotheraphy, radiotheraphy and tumor
invasion, chronic postsurgical incisional pain, phantom pain, musculoskeletal pain, visceral
pain from viscera or tumor.

The pain is one of the most common symptoms at diagnosis experienced by myeloma patients
and it may also be an indicator of a subsequent relapse. Up to 67% of patients report pain at
diagnosis, although this may have been present for several months before [3]. At diagnosis,
pain may be due to the disease process itself (predominantly from destructive bone disease,
but occasionally from plasmacytomas directly affecting neural tissues), or it may signify a co-
morbidity (e.g. degenerative arthritis or osteoporosis).

Later in the course of the disease, pain often arises as a sideeffect of therapies, e.g. thalidomide
or bortezomib neuropathy. Particularly in older patients, it is important to always consider co-
morbidities, such as arthritis or osteoporosis, mimicking bony malignant pain; diabetes or
carpal tunnel syndrome mimicking peripheral neuropathy (PN); and postherpetic neuralgia
as a common cause of persistent pain.

Assessment of pain, should start with taking a history but may involve imaging by X ray, bone
scan, CT or MRI. Myeloma patients should be evaluated for the presence and severity of pain
regularly. Pain severity can be assessed by visual analogue scales (VAS), numerical rated scales
(NRS) or verbal rated scales (VRS) [4]. To diagnose the presence of neuropathic pain, the Leeds
assessment of neuropathic symptoms and signs scale (LANSS) can be used [5].

The pain is usually in constant and dull at first but, as the disease progresses, it becomes more
severe until it is agonizing and constant. Severity of pain may be particularly devastating and
can negatively affect the quality of patient life and their functional status. This should be
managed using a multi-modal, mechanism-based approach including evidence-based
pharmacological therapies alongside non-drug methods such as radiotherapy, bisphospho‐
nates, and where appropriate, interventional and psychological techniques.

The critical importance of pain management as part of routine cancer care has been forcefully
advanced by WHO, international and national professional organisations, and governmental
agencies.

American Pain Society Quality of Care Task Force reviewed recommendations for faciliating
improvements in the quality of cancer pain management.

• Recognize and treat pain promptly (emphasis on comprehensive assessment and impor‐
tance of preventive and prompt treatment based on evidence for neuroplasticity)

• Involve patients and families in pain management plan (emphasis on customization of care
and participation of patient in treatment plan)
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• Improve treatment patterns (eliminate inappropriate practices, provide multimodal
therapy)

• Reassess and adjust pain management plan as needed (respond not only to pain intensity
but to functional status and side effects)

• Monitor processes and outcomes of pain management (new standardized indicators and
comments about forthcoming national performance indicators)

According to the European Society of Medical Oncology (ESMO) clinical practice guidelines
with WHO ladder, general approach to management of cancer pain is,

STEP I: Mild pain (NRS: 1–4) is treated with non-opioid analgesics such as acetaminophen/
paracetamol or a NSAID

Paracetamol is a useful analgesic in cancer-related pain and other chronic pains and should be
prescribed at a dose of up to 1 gram qid (p.o. or i.v. in patients who cannot take oral medication,
e.g. because of vomiting or mucositis).

NSAIDS should be avoided apart from very short term use (eg 3-5 days) with acute severe
pain, eg bone fracture. They should not be used in the presence of renal impairment, and used
with extreme caution in myeloma patients in view of the risk of precipitating renal compromise

For patients with mild pain (<5/10), normal release tramadol is a reasonable choice of analgesic
agent. Tramadol has 1/5th the potency of oral morphine and the starting dose is 50mg 6 hourly
prn or qid. Codeine can also be used but it is a pro-drug of morphine, and 10-15% of the
population is unable to convert it into active morphine, leaving them with unacceptable
toxicity [6].

STEP II: Traditionally, patients with moderate pain (NRS: 5–7) have been treated with a
combination product containing acetaminophen plus a weak immediate-release opioid

For patients with mild to moderate pain or whose pain is not adequately controlled by
paracetamol or a NSAID given regularly by mouth, the addition of a step II opioid (eg, codeine
or tramadol; table 1) given orally might achieve good pain relief without troublesome adverse
effects. Alternatively, low doses of a step III opioid (eg, morphine or oxycodone; table 1) may
be used instead of codeine or tramadol.

STEP III: In severe pain (NRS: 8–10), morphine, oxycodone, and hydromorphone can use and
the data show no important differences between morphine, oxycodone, and hydromorphone
given by the oral route. Morphine is most commonly used. Oral administration is the preferred
route. If given parenterally, the equivalent dose is one-third of the oral medication. The buccal,
sublingual and nebulized routes of administration of morphine are not recommended because
at the present time there is no evidence of clinical advantage over the conventional routes.

Patients with chronic moderate (5-7/10) or severe pain (>7/10) can be started on tramadol as
above, but will usually need to go onto more potent opioids rapidly if they do not respond.
Hydromorphone or oxycodone, in both immediate-release and modified-release formulations
for oral administration are effective alternatives to oral morphine. Oxycodone is twice the
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potency of morphine and is associated with less drowsiness and hallucinations. For rapid
onset, the normal release preparation can be used 4-6 hourly or qid, but most patients even‐
tually prefer the convenience of the bd sustained release forms [7].

Methadone is a valid alternative but may be more complicated to use because of marked inter-
individual differences in its plasma half-life and duration of action. Methadone use should be
initiated by physicians with experience and expertise in its use. Strong opioids may be
combined with ongoing use of a nonopioid analgesic (step I). Patients presenting with severe
pain that needs urgent relief should be treated with parenteral opioids, usually administered
by the subcutaneous (s.c.) or intravenous (i.v.) route. Intramuscular injections are painful and
have no pharmacokinetic advantage.

Patches can be used to deliver either fentanyl or buprenorphine, both of which are very potent
opioids. Fentanyl causes significantly less nausea, sedation and constipation compared to
morphine [8]. When given the choice of fentanyl patches or oral morphine for chronic pain,
patients prefer the patches [9]. They are usually the treatment of choice for patients who are
unable to swallow, patients with poor tolerance to morphine and patients with poor compli‐
ance. Earlier worries regarding an inferior equipotency ratio of buprenorphine to oral mor‐
phine or of a ceiling effect and partial antagonistic effects of buprenorphine as compared with
fentanyl have not been substantiated by newer publications [10]. Buprenorphine often initially
causes nausea but this can be covered by the use of an anti-emetic such as metoclopramide
and is otherwise well tolerated.

Immediate-release and slow-release oral formulations of morphine, oxycodone, and hydro‐
morphone can be used for dose titration. The titration schedules for both types of formulation
should be supplemented with oral immediate-release opioids given as needed. When using
normal release oral medication, the dose can be titrated up daily by 30-50% until pain is
controlled or unacceptable side effects occur. With sustained release oral medication it is

Oral opioid Characteristics and comments

Codeine Step II drug only: use alone or in combination with

paracetamol;

daily doses ≥360 mg not recommended

Tramadol Step II drug only: use alone or in combination with

paracetamol;

daily doses ≥400 mg not recommended

Hydrocodone Step II drug only: used as a substitute for codeine in some

countries

Oxycodone Step II opioid when used at low doses (eg, ≤20 mg per day)

alone or in combination with paracetamol

Morphine Step II opioid when used at low doses (eg, ≤30 mg per day)

Hydromorphone Step II opioid when used at low doses (eg, ≤4 mg per day)

Table 1. Step II opioids
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advisable to wait 2-3 days between dose increments. With patches, doses should not normally
be increased at less than 3 days intervals.

With all sustained release analgesics, it is essential to offer the patient a normal release ‘rescue
medication’ for breakthrough pain. This is particularly important when breakthrough pain
occurs quickly and predictably. It is important to distinguish this kind of ‘incident pain’ from
pain arising from end of dose failure with sustained release medications, or spontaneous pains
associated with neuropathy or opioid-induced hyperalgesia [11]. The ‘breakthrough dose’ is
usually equivalent to +10% - 15% of the total daily dose. If more than four ‘breakthrough doses’
per day are necessary, the baseline opioid treatment with a slow-release formulation has to be
adapted. Normal release oxycodone or morphine can be used, at 1/6th of the current 24 hour
total opioid dose. However, often the absorption of these oral drugs can be too slow for
breakthrough pain.. Opioids with a rapid onset and short duration are preferred for break‐
through doses. Fentanyl has a high bioavailability via the transmucosal route, which has led
to the development of fast-acting (but short-lived) fentanyl formulations. These include
fentanyl lozenges (Actiq ®); buccal tablets (Effentora®); or sublingual tablets [12]. Nasal sprays
will also soon be available. Normally, a patient should not need to use more 2–3 of these
relatively expensive fentanyl formulations per day for breakthrough pain; if more are being
taken, either the background medication needs to be increased or the patient should be referred
to a specialist. There is no place for pethidine in the treatment of pain in myeloma.

In addition, there is also worth noting that the recommendations for opioids for breakthrough
of the EAPC. The pain exacerbations resulting from uncontrolled background pain should be
treated with additional doses of immediate-release oral opioids, and that an appropriate titration
of around-the-clock opioid therapy should always precede the recourse to potent rescue opioid
analgesics.  Breakthrough pain  (eg,  incident  pain)  can  be  effectively  managed with  oral,
immediate-release opioids or with buccal or intranasal fentanyl preparations. In some cases the
buccal or intranasal fentanyl preparations are preferable to immediate-release oral opioids
because of more-rapid onset of action and shorter duration of effect. Additionally, immediate-
release formulations of opioids with short half-lives should be used to treat pre-emptively
predictable episodes of breakthrough pain in the 20–30 min preceding the provoking manoeuvre.

With all opioids, it is important to offer the patient a laxative and to keep checking for the
development of constipation. Transdermal fentanyl and buprenorphine are associated with
reduced incidence of constipation [13]. It is not necessary to routinely prescribe an anti-emetic
with opioids, except for the first week when starting buprenorphine.

Respiratory depression is uncommon in patients treated chronically with opioids as long as
dose increments are made carefully as outlined above. With the initiation of opioids, it is
common to see a reduction in respiratory rate; however, this is usually balanced by changes
in tidal volume so that minute ventilation initially remains steady. Care needs to be taken in
patients with COPD or obstructive sleep apnoea, in whom the respiratory depression can occur
even with low doses of opioids. True respiratory depression caused by opioids is diagnosed
by a reduction in oxygen saturation (SaO2 < 90%) or by arterial blood gases. If this occurs,
naloxone can be given but care must be taken not to provoke a serious increase in pain. Advice
on future opioid dosing should be sought from a specialist in pain or palliative medicine.
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development of constipation. Transdermal fentanyl and buprenorphine are associated with
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Recently a condition known as opioid-induced hyperalgesia has been consistently identified
in animal studies and has also been demonstrated to occur in human studies. This condition
is characterised by increasing reporting of pain in the presence of increasing opioid dosage.
The pain can be localised to the original lesion but is often generalised to adjacent dermatomes.
The skin in the affected area may show hyperalgesia (increased pain response on normal
painful stimulus) or allodynia (pain felt even on light touch). The treatment involves reduction
in the opioid dosage along with the introduction of an NMDA channel blocker such as
ketamine or methadone [14].

Most opioids cause dose-related sedation; however, fentanyl and oxycodone are associated
with reduced sedation compared to morphine [15]. Patients who experience intolerable
sedation due to opioids (or other drugs, e.g. thalidomide) may be considered for a trial of a
psychostimulant such as methylphenidate or modafanil; this should only be prescribed by a
specialist in palliative medicine. In patients with opioid-related neurotoxic effects (delirium,
hallucination, and myoclonus), dose reduction or opioid switching should be considered.

Patients receiving step III opioids who have side-effects and do not achieve adequate analgesia
that are severe, unmanageable, or both, might benefit from switching to an alternative opioid.

When switching from one opioid drug to another, dose conversion ratios can be recommended
with different levels of confidence (table 2). These conversion ratios are specific for patients in
whom analgesia from the first opioid is satisfactory. Therefore, when the opioid is switched
because of unsatisfactory analgesia, excessive side-effects, or both, clinical experience suggests
that the starting dose should be lower than that calculated from published equianalgesic ratios.
In all cases the dose needs to be titrated in accordance with clinical response.

For patients with continuing severe (>6/10) pain or those who are unable to tolerate analgesics
because of adverse effects, help should be sought from a specialist service such as the palliative
care team or chronic pain team.

Haematology teams should readily seek to share care of pain and other symptoms with local
palliative and supportive care teams. Patients at home can be seen by community or hospice‐
based palliative care teams. Hospital chronic pain teams should be consulted for severe pain
if palliative and supportive care teams are not available. Acute pain teams may be helpful if
the patient has an acute severe pain, e.g. bone fracture causing immobilization, which may
respond to interventional procedures, e.g. local nerve blockade or spinal delivery of opioids
and local anaesthetic. Orthopaedic surgeons or interventional radiologists are able to perform
cement vertebroplasty or kyphoplasty for uncontrolled pain arising from vertebral collapse.
Psychologists can help with patients who have severe anxiety overlying pain and with other
issues.

In many of multiple myeloma patients, musculoskeletal complications with enhanced bone
destruction lead to pain with pathologic fractures, spinal cord compression and radiculopathy.
Bone lesions result not only from the direct deposits of myeloma cells within the bone, but also
from the release of soluble factors by both the tumor and the microenvironment, resulting in
the stimulation of osteoclast activity and bone resorption. The inhibition of bone resorption
and hypercalcaemia can be reduced by the use of bisphosphonates. This class of drugs
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potentiate the effects of analgesics in improving myeloma bone pain with reducing bone
releated events, but not mortality.

Management of spinal pain is often conservative, in the absence of instability/neurological
compromise, orthopaedic, neurosurgical or interventional radiological advice should be
sought in cases of persistent/refractory pain. Vertebroplasty and kyphoplasty are alternative
options for controlling pain associated with vertebral collapse. Vertebroplasty and kypho‐
plasty are both vertebral body augmentation techniques of percutaneous injection of bone
cement to the vertebral bodies. They are best performed soon after the vertebra collapses and
may be ineffective if many months have elapsed. Both techniques carry the small risk of cement
leakage leading to pulmonary embolism and neural compromise. It is therefore important that
there is access to a spinal surgery service when these procedures are performed.

Vertebroplasty involves the percutaneous injection, under general anaesthetic and i.v. sedation
and using radiological imaging, of polymethacrylate bone cement or equivalent biomaterial
into the vertebral body. Several vertebrae can be treated simultaneously. The injection allows
local pain relief and bone strengthening but will not restore vertebral height. No randomized
studies on the use of vertebroplasty in myeloma have been published. However, a recent
review of 67 cases demonstrated improvements in pain (89%), mobility (70%) and use of opioid
analgesia (65%) [16].

Kyphoplasty involves the percutaneous insertion of a small, inflatable balloon into the
vertebral body; when inflated it produces a potential space. The balloon is then removed and
bone cement is injected to fill the cavity. Although more time consuming than vertebroplasty
the complication rates appear lower with similar potential benefits of both pain relief and

RELATIVE ANALGESIC RATIO STRENGTH OF THE

RECOMMENDATION FOR USE

Oral morphine to oral oxycodone 1.5 : 1 Strong

Oral oxycodone to oral

hydromorphone

4 : 1 Strong

Oral morphine to oral hydromorphone 5 : 1 Weak

Oral morphine to TD buprenorphine

(*)

75 : 1 Weak

Oral morphine to TD fentanyl (**) 100 : 1 Strong

(*) Example: 60 mg oral morphine to 35 μg/h TD buprenorphine (equivalent to 0.8 mg per 24 h).

(**) Example: 60 mg oral morphine to 25 μg/h TD fentanyl (equivalent to 0.6 mg per 24 h).

TD=transdermal.

Table 2. Relative analgesic dose ratios
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improved function to vertebroplasty but with reduced risk of cement leak. There is also the
potential to restore vertebral height but this only occurs in a minority of patients. At the present
time, the documented use of kyphoplasty in myeloma is limited to case reports and small case
series although outcomes in myeloma do appear comparable to those in osteoporosis [17, 18].

Many patients with myeloma have subclinical or even clinical peripheral neuropathy (PN) at
diagnosis, often due to co-morbidities. These patients are at risk of worsening PN when
exposed to potentially neurotoxic drug treatments, such as thalidomide and bortezomib. The
cause of PN in myeloma patients is multifactorial and when patients are assessed, it is
important to grade the degree of neuropathy using a recognized scale, such as the National
Cancer Institute (NCI), Common Toxicity Criteria [19], LANSS [20] or the Total Neuropathy
Score [21].

PN in myeloma patients can be subdivided as follows:

• Disease- or M protein-associated peripheral neuropathy

• Peripheral neuropathy related to co-morbidities

• Chemotherapy-induced peripheral neuropathy

Disease- or M protein-associated peripheral neuropathy: Spinal cord or nerve root compres‐
sion is a common neurological complication of myeloma due to compression by plasmacyto‐
ma, lytic or extramedullary disease and requires appropriate imaging and specific treatment
including a specialist opinion as to the need for surgical intervention or radiotherapy.

The reported prevalence of sensory PN may depend on the study cohort, the methods of
detection and the criteria used, with a recent study reporting rates of pretreatment sensory PN
in up to 20% of patients, and neuropathic abnormalities in as many as 54%. [22].

The cause of the neuropathy in many cases of myeloma is not clear and may be multifactorial,
and studies have also varied in relation to rates of small or large fibre or mixed PN. In those
cases where amyloidosis and toxicity due to chemotherapy are not the cause, the M protein
itself or other consequences of the underlying disease may play a part. Clinically, a symmet‐
rical, distal sensory/motor neuropathy inducing paraesthesiae and numbness in the hands and
feet is seen.

POEMS (Polyneuropathy, Organomegaly, Endocrinopathy, M-protein and Skin abnormali‐
ties) syndrome and AL amyloidosis are more specialized situations, PN is a significant clinical
feature in 85–100% of patients affected by POEMS syndrome [23]. It is a consequence of axonal
degeneration and demyelination, typically distal, symmetrical and initially sensory, but as the
condition progresses, a disabling symmetrical weakness may develop.

PN affects 17% of patients with AL amyloidosis at diagnosis. The PN is typically axonal and
characteristically painful, distal and symmetrical and often associated with an autonomic
neuropathy. Cryoglobulinaemia is another recognized source of PN.

Peripheral neuropathy related to co-morbidities: Conditions such as diabetes mellitus, carpal
tunnel and other nerve compression syndromes, including chronic inflammatory demyelinat‐
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ing polyradiculoneuropathy, chronic renal failure and vitamin B12 deficiency, should be
actively sought and appropriately managed, with specialist input as needed.

Chemotherapy-induced peripheral neuropathy: Chemotherapy-induced peripheral neuro‐
pathy (CIPN), also known as treatment-emergent peripheral neuropathy, is a major aspect of
myeloma management. CIPN has been a long recognized complication of vinca alkaloid and
platinum-based treatments and may be significantly dose limiting, but these drugs are no
longer in regular use in myeloma. There is emerging evidence for the incidence and natural
history of PN due to novel therapies, including thalidomide-induced PN (TiPN) and bortezo‐
mib-induced PN (BiPN), which may be considered as distinct clinical entities.

TiPN may arise after prolonged administration of thalidomide, is mostly mild to moderate in
severity and appears to be a cumulative effect [24]. Initial symptoms include sensory changes,
such as paraesthesia and hyperaesthesia, motor symptoms and autonomic dysfunction. Later
effects include loss of vibration and joint position sense, which may lead to ataxia and progres‐
sive gait disturbance. Nerve conduction studies do not reliably predict the onset of significant
TiPN and do not necessarily correlate with the clinical findings. Reduction or temporary
discontinuation of the drug usually leads to a clinical improvement in the symptoms whereas
continuation of dose intense treatment in the face of neuropathy may cause permanent neuro‐
logical damage. Mileshkin et al and other investigators have recommended that thalidomide
therapy should not exceed 6 months as the risk of TiPN is unacceptably high [25].

BiPN is characterized by neuropathic pain and a lengthdependent distal sensory neuropathy
with suppression of reflexes. Motor neuropathy may follow and infrequently results in mild to
severe distal weakness in the lower limbs. There may also be a significant autonomic compo‐
nent, which manifests as dizziness, hypotension, diarrhoea or constipation and/or extreme
fatigue. It is thought to occur at a certain threshold (within five cycles but rarely beyond) of
treatment and may be more likely to occur within the setting of renal impairment, in keeping
with other therapy related toxicities in this setting. Electrophysiological testing reveals a mainly
distal sensorimotor axonal loss, with secondary demyelination. The symptoms of BiPN improve
or completely resolve in the majority of patients after a median of 3 months following discontin‐
uation of the drug, but in a proportion of cases, symptoms have taken up to 2 years to improve
[26]. Apart from a graded dose reduction or withdrawal [27], the only treatment for BiPN is
symptomatic relief. No effective prophylactic treatment is available and any use of nutritional
supplements should be restricted to low doses to avoid harm from excessive doses of pyridox‐
ine. In particular, caution should be exercized with supplements containing ascorbic acid, which
may inhibit the anti-myeloma effect of bortezomib [28].

An accurate neurological history should be taken from all patients prior to commencement of
neurotoxic agents and regularly during the course of therapy. Patients should be reviewed in
person at the start of each cycle to ensure that emergent symptoms are detected and acted
upon. Dose-reductions may be needed within a treatment cycle if symptoms are progressive,
so as to avoid the irreversible neurological damage that may result from waiting until the next
cycle to make a change.

Initial investigations should be tailored according to the history and examination. Vitamin B12
deficiency should be screened for periodically. Metabolic and autoimmune causes should also
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be considered. If there are prominent features of small fibre neuropathy, then AL amyloidosis
should be excluded by tissue biopsy or serum amyloid P scan; any further investigations, such
as electrophysiological studies or cerebrospinal fluid protein estimation, should be directed
by a neurologist.

The management of PN should include symptom control along with treatment of any poten‐
tially reversible causes. Identification and correction of Vitamin B12 deficiency is important
and optimal management of co-morbid causes, such as diabetes mellitus or alcohol excess,
may also improve tolerance of neurotoxic drugs. An awareness of the spectrum of symptoms
that herald CIPN is crucial. Such symptoms need to be carefully sought at each meeting with
the patient.

Careful monitoring of patients receiving bortezomib and prompt dose and schedule modifi‐
cations are essential. Temporary interruptions in therapy may also be beneficial, before
resuming on a new schedule/dose. Recent data from front line protocols incorporating
bortezomib suggest that a weekly regimen is as effective and associated with less neuropathy
than twice-weekly regimens [29]. Although, the twice weekly regimens of subcutaneous
bortezomib offers non-inferior efficacy to standard intravenous administration, with an
improved safety profile for peripheral neuropathy in patients with relapsed multiple myeloma
[30]. Continuation of dose intense treatment in the face of neuropathy may cause permanent
neurological damage. Measurement of lying and standing blood pressures weekly in patients
receiving bortezomib may detect autonomic neuropathy before it becomes a debilitating
problem for the patient. The administration of intravenous normal saline prior to each dose of
bortezomib may improve tolerance of the drug.

Neuropathic pain is often poorly responsive to standard analgesic regimes. There has been
very little research specifically in the management of painful CIPN, and that has mostly been
in solid tumours [31]. Opioids can be effective but if used alone in high dose are associated
withsignificant adverse effects [32]. A multimodal approach using opioids together with other
pain modulating drugs is now recommended [33]. Thus a calcium channel blocker should be
added early (e.g. gabapentin or pregabalin); it may be necessary to add a sodium channel
blocking agent, e.g. oxcarbazepine (carbamazepine should be avoided because of drug
interactions); or an SNRI, e.g. amitryptiline or duloxetine.

Several studies have shown that adding gabapentin to an opioid in patients with cancer-related
neuropathic pain can give improved analgesia with reduced adverse effects compared to using
either agent alone [34]. The response to gabapentin correlated with the severity of the under‐
lying neurotoxicity. Approximately 25% of patients receiving gabapentin experienced mild
somnolence, but none discontinued it. Note that gabapentin may be associated with myelo‐
suppression and so should be avoided around the time of stem cell transplant.

The haematologist who is not familiar with these agents should seek advice from the local
chronic pain or palliative care service. For patients with continuing severe pain in spite of
initiating these drugs or those who are unable to tolerate analgesics because of adverse effects,
specialist help is essential. They will advise on dose modifications and can also initiate
specialist options, such as ketamine, methadone or spinal analgesia.
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In addition, topical treatments may be of benefit. Capsaicin cream 0.075% acts on peripheral
nerve TRPV1 heat and pain receptors; menthol acts on TRPM8 receptors for cold and may both
be helpful in patients with „cold‟ or „hot‟ dysaesthesia respectively [35]. Emollients, such as
cocoa butter, may help some patients but the physiological mechanism is unclear. In other
forms of superficial neuropathic pains (e.g. post-herpetic neuralgia or scar pain), the sodium
channel blocker lidocaine can be used topically as a 5% plaster, applied to the affected area for
12 hours and then left off for 12 hours. Some patients obtain relief within a few days but the
peak effect is reached with 2-4 weeks [36].

Complementary therapy can be defined as therapies that are used alongside, or integrated
with, conventional health care. These differ from alternative therapies, which are designed to
be used in place of conventional therapy. However, a clear definition of what constitutes
complementary and alternative medicine has not yet been elucidated, and therefore discretion
must be exercised when interpreting guidance pertaining to these therapies.

Complementary therapy has a role in the management of multiple myeloma when used as
adjunct to conventional medicine. It improves patients’ perceived quality of life and ability to
cope with the effects of the disease. The development of an evidence-base to support comple‐
mentary therapy use in myeloma is in the early stages of development.

Patients with myeloma may express preference for complementary therapy and place value
in the role they have to play within the context of their cancer care plan – for the management
of both the psycho-social and physiological effects associated with myeloma. Patients may
value complementary therapy and the sense of control gained when they are used as part of
their cancer treatment plan. Consequently, patient choice should be informed and respected
by healthcare professionals in order to ensure the best overall treatment and care plan for
myeloma is delivered.

There is a dearth of scientific evidence to support the effectiveness of complementary therapy
in the management of myeloma; however, some studies have shown that complementary
therapy can help patients with myeloma to: manage their symptoms, live with altered body
image, promote relaxation, alleviate anxiety, reduce chemotherapy side-effects, improve sleep
pattern, reduce stress and tension, reduce psychological distress/provide emotional support
and improve well-being. Importantly, cancer patients using complementary therapy also
perceive an improved quality of life.

Some complementary therapies, such as acupuncture, have been submitted to more rigorous
evaluation and are acknowledged for their effective use in cancer treatment for the manage‐
ment of chemotherapy-associated nausea and vomiting. However, no convincing scientific-
evidence has emerged to date that shows complementary therapy slows cancer progression
[37].

The types of complementary therapies and frequency with which they are used by myeloma
patients vary considerably. Among the most common therapies are homoeopathy, touch
therapies such as aromatherapy, massage and reflexology, healing and energy therapies
such as reiki, spiritual healing and therapeutic touch, hypnosis and hypnotherapy, acupunc‐
ture, herbal medicines and dietary interventions [38].
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be considered. If there are prominent features of small fibre neuropathy, then AL amyloidosis
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very little research specifically in the management of painful CIPN, and that has mostly been
in solid tumours [31]. Opioids can be effective but if used alone in high dose are associated
withsignificant adverse effects [32]. A multimodal approach using opioids together with other
pain modulating drugs is now recommended [33]. Thus a calcium channel blocker should be
added early (e.g. gabapentin or pregabalin); it may be necessary to add a sodium channel
blocking agent, e.g. oxcarbazepine (carbamazepine should be avoided because of drug
interactions); or an SNRI, e.g. amitryptiline or duloxetine.

Several studies have shown that adding gabapentin to an opioid in patients with cancer-related
neuropathic pain can give improved analgesia with reduced adverse effects compared to using
either agent alone [34]. The response to gabapentin correlated with the severity of the under‐
lying neurotoxicity. Approximately 25% of patients receiving gabapentin experienced mild
somnolence, but none discontinued it. Note that gabapentin may be associated with myelo‐
suppression and so should be avoided around the time of stem cell transplant.

The haematologist who is not familiar with these agents should seek advice from the local
chronic pain or palliative care service. For patients with continuing severe pain in spite of
initiating these drugs or those who are unable to tolerate analgesics because of adverse effects,
specialist help is essential. They will advise on dose modifications and can also initiate
specialist options, such as ketamine, methadone or spinal analgesia.
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In addition, topical treatments may be of benefit. Capsaicin cream 0.075% acts on peripheral
nerve TRPV1 heat and pain receptors; menthol acts on TRPM8 receptors for cold and may both
be helpful in patients with „cold‟ or „hot‟ dysaesthesia respectively [35]. Emollients, such as
cocoa butter, may help some patients but the physiological mechanism is unclear. In other
forms of superficial neuropathic pains (e.g. post-herpetic neuralgia or scar pain), the sodium
channel blocker lidocaine can be used topically as a 5% plaster, applied to the affected area for
12 hours and then left off for 12 hours. Some patients obtain relief within a few days but the
peak effect is reached with 2-4 weeks [36].

Complementary therapy can be defined as therapies that are used alongside, or integrated
with, conventional health care. These differ from alternative therapies, which are designed to
be used in place of conventional therapy. However, a clear definition of what constitutes
complementary and alternative medicine has not yet been elucidated, and therefore discretion
must be exercised when interpreting guidance pertaining to these therapies.

Complementary therapy has a role in the management of multiple myeloma when used as
adjunct to conventional medicine. It improves patients’ perceived quality of life and ability to
cope with the effects of the disease. The development of an evidence-base to support comple‐
mentary therapy use in myeloma is in the early stages of development.

Patients with myeloma may express preference for complementary therapy and place value
in the role they have to play within the context of their cancer care plan – for the management
of both the psycho-social and physiological effects associated with myeloma. Patients may
value complementary therapy and the sense of control gained when they are used as part of
their cancer treatment plan. Consequently, patient choice should be informed and respected
by healthcare professionals in order to ensure the best overall treatment and care plan for
myeloma is delivered.

There is a dearth of scientific evidence to support the effectiveness of complementary therapy
in the management of myeloma; however, some studies have shown that complementary
therapy can help patients with myeloma to: manage their symptoms, live with altered body
image, promote relaxation, alleviate anxiety, reduce chemotherapy side-effects, improve sleep
pattern, reduce stress and tension, reduce psychological distress/provide emotional support
and improve well-being. Importantly, cancer patients using complementary therapy also
perceive an improved quality of life.

Some complementary therapies, such as acupuncture, have been submitted to more rigorous
evaluation and are acknowledged for their effective use in cancer treatment for the manage‐
ment of chemotherapy-associated nausea and vomiting. However, no convincing scientific-
evidence has emerged to date that shows complementary therapy slows cancer progression
[37].

The types of complementary therapies and frequency with which they are used by myeloma
patients vary considerably. Among the most common therapies are homoeopathy, touch
therapies such as aromatherapy, massage and reflexology, healing and energy therapies
such as reiki, spiritual healing and therapeutic touch, hypnosis and hypnotherapy, acupunc‐
ture, herbal medicines and dietary interventions [38].
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1. Introduction

The great advance in the field of anti-myeloma therapy in the last few decades has resulted in
a huge improvement of overall and disease-free survival. Nevertheless, multiple myeloma
(MM) is still an incurable disease.

There are two issues emerging. On one hand, the patient lives together with the illness for a
long time, and on the other hand, the thought of incurable illness hangs over their head like
the sword of Damocles for a longer time. Quality of life (QoL) issues are coming into focus
because of the longer survival times.

Problems related to the disease such as pain, fatigue, bone fracture-induced inconveniences,
complications such as infections, neuropathy, thrombosis, osteonecrosis of the jaw, mucositis,
as well as invasive interventions emphasize the importance of supportive care.

The social and economic environment of the patients, their participation in the world of labor,
financial resources, changes in their family and in their circle of friends all have a great impact
on the QoL of patients.

The stigmata of chronic illness and malignancy also contribute to the development of depres‐
sion thus influencing quality of life. At the last stage of life it is a very hard task for the patient
to face dying.

At the same time, family members are also in a troublesome situation. To accept the incurable
illness of a beloved member of the family is a great psychical burden. Beside these, the increase
of physical burden may cause insoluble task for the folks and this may generate sense of guilt.

Nowadays, the measuring of QoL is in a class by itself. QoL has become a prognostic factor.
Several studies have demonstrated that better quality of life goes hand in hand with better
prognosis. This is also the case with multiple myeloma.

© 2013 Gadó and Domján; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Results of examinations of QoL may help us to provide professional and effective support to the
patient and their family through a holistic approach. Multidisciplinary co-operation is essential.

2. Main features of Multiple Myeloma

Multiple myeloma is the second most common hematological cancer and represents 10% of
all hematological malignancies and 1 % of all cancers. The annual incidence of the disease in
the US is 4 in 100,000. Approximately 100,000 new cases of MM are diagnosed each year
worldwide [1]. MM accounts for 1% of all cancer-related deaths (approximately 72,000 deaths
annually). The vast majority of the patients diagnosed with MM are 70-80 years old. MM is
characterized by unregulated plasma cell proliferation in the bone marrow. These malignant
plasma cells produce and secrete abnormal immunoglobulin (Ig) or immunoglobulin frag‐
ments. The monoclonal lg in the sera can cause hyperviscosity and this is one of the major
symptoms of the disease. Clinical features and typical laboratory findings of MM include
fatigue, bone pain, osteolythic bone lesions, pathologic bone fracture, anemia, hypercalcaemia,
renal insufficiency, elevation of monoclonal Ig in the sera and/or in the urine and elevated
erythrocyte sedimentation rate. The etiology of MM is unknown but aside from several
environmental factors that are suspected, more and more cytogenetic alterations involved with
the oncogenic process are detected [2,3].

3. The aims of MM treatment

Despite the huge advance in the field of MM treatment, the disease has still remained incurable.

The main goal of treatment is the prolongation of survival. By the 1980’s to 1990’s, the survival
of untreated patients had increased from mere months to 3-5 years. The introduction of
intensive treatment, such as high-dose chemotherapy with autologous stem cell transplanta‐
tion (ASCT), further prolonged the overall survival. Novel agents, including immunomodu‐
latory drugs, such as thalidomide and lenalidomide, and the proteosome inhibitor bortezomib
have dramatically changed the results in the past decade. Besides overall survival, disease-free
survival has also been prolonged and the life expectancies of refractory and relapsed patients
are also largely improved [4].

The only curative treatment option is allogeneic stem cell transplantation due to antitumor
immunity mediated by donor lymphocytes. However, morbidity and mortality related to
graft-versus-host disease remain a challenge and regarding the average age of MM patients it
remains an option for only a minority of patients.

Depending on stage of the disease, median survival varies between 5-10 years for patients with
ISS stage I disease undergoing stem-cell transplant and/or receiving novel anti-myeloma
regimens [5]. However, outcomes have typically been poor for patients with high-risk disease
and despite recent therapeutic advances the outlook for such patients remains unfavorable [6].
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4. Consequences of MM being a disease of the elderly

The incidence of multiple myeloma (MM) increases with age and with the aging of the
population, the number of adults with MM is expected to double in the next 20 years. Inten‐
sification of anti-myeloma therapy has resulted in a huge prolongation of survival data but
this data mainly refers to younger patients who are eligible for these treatment modalities.

Older patients are ineligible for high-dose therapy because it causes an unacceptably high
mortality rate in that patient population. Several co-morbidities of this setting or poor
performance status prevent the success of intensive treatment.

On the other hand the significance of supportive measures for these patients has become a
greater value. Besides the extended duration of survival, to improve the quality of survival by
alleviating symptoms and achieving disease control while minimizing the adverse effects of
the treatment has become a major goal [7].

Factors affecting prognosis include burden of disease, type of cytogenetic abnormality present,
patient related factors (such as age and performance status) and treatment response factors.

Asymptomatic myeloma (smoldering myeloma) does not require any treatment, only obser‐
vation (watch and wait) is needed.

The choice of first-line treatment depends on a combination of factors.

For patients under 70 and with good performance status, the treatment of choice is high-dose
chemotherapy with ASCT.

The majority of patients are transplantation-ineligible because of poor performance status or
co-morbidities. These patients are therefore offered a less intensive single-agent or combina‐
tion chemotherapy. Typically, combination therapies include chemotherapy with an alkylat‐
ing agent and corticosteroids. More recent treatment options may also include combination
therapies that incorporate drugs such as thalidomide, bortezomib and lenalidomide [8].

Regarding the maintenance therapy, if complete remission (CR) has been reached there is no need
for maintenance therapy with thalidomide or lenalidomide because there is no significant
difference in OS. In the case of lenalidomide, a significantly increased risk of secondary malignan‐
cies was reported [9]. Maintenance is advised for patients who have not reached CR. In these cases,
one of the new drugs (thalidomide, lenalidomide or bortezomib) is the drug of choice [10].

However, in line with all these improvements in the field of chemotherapy, some new
questions have emerged. The patient has gained a longer life, but is this life good enough? Is
it worth the sea of difficulties during the treatment period and even afterward? To answer
these questions, QoL measurements can offer valuable meaning.

5. Definition of quality of life and importance of QoL measuring

QoL can be defined in many ways. As a general term it is used to indicate the well-being of
people and societies. A person’s environment, physical and mental health, education, recrea‐
tion, social well-being, freedom, human rights and happiness are also significant factors.
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The World Health Organization (WHO) defines QoL as individuals’ perception of their
position in life in the context of the culture and value systems in which they live and in relation
to their goals, expectations, standards, and concerns [11].

As illness and its treatment affect the psychological, social, and economic well-being, as well
as the biological integrity of individuals, any definition should be all encompassing while
allowing individual components to be delineated. This allows the impact of different disease
states or interventions on overall or specific aspects of QoL to be determined.

QoL is measured in a variety of contexts. Aside from healthcare, it is also used in international
development and political science. This results in diverse definitions being given to the term.
Factors that are considered are both qualitative and quantitative. Many local, national and
international organizations conduct surveys and psychological tests to determine an individ‐
ual or society’s life quality for different purposes.

A major rule for physicians is the principle of “nil nocere”. While making an effort to reach
better and better disease control for cancer patients, we often neglect the repercussions of the
patient in regards to “being ill”, to the consequences of the treatment, and to the disease per
se. The main purpose for all clinicians is therefore to improve the quality of the patient’s life
and to avoid iatrogenic harm. It is not enough to make implicit, subjective judgments about
QoL when treating a patient. Making explicit, objective assessments about QoL using validated
tools and instruments is needed. Formal assessment of QoL is now a mandatory requirement
in most clinical trials.

6. Health-Related Quality of Life (HRQoL)

WHO defines health as "A state of complete physical, mental, and social well-being not merely
the absence of disease.” The measurement of health and the effects of health care must include
not only an indication of changes in the frequency and severity of diseases but also an
estimation of well being and this can be assessed by measuring the improvement in the QoL
related to health care [11].

HRQoL can be defined as self-perceived aspects of wellbeing that are related to or affected by
the presence of a disease or treatment [12]. A multidimensional HRQoL instrument was
defined as any quality of life instrument assessing two or more of the three core domains
described by the World Health Association: physical, social, and psychological wellbeing [13].
As a multidimensional construct, it includes perceptions, both positive and negative, of several
dimensions such as physical, emotional, social and cognitive functioning. It also includes the
negative aspects of somatization disorder and symptoms caused by a disease and/or its
treatment [14]. Studies undertaken in different settings or in different countries might display
slight divergences as HRQoL is also modulated by cultural and care patterns.

Over the past 20 years there has been a growing interest in the inclusion of HRQoL measures
to assess the effects of a condition and/or its therapies on a person's health. In response to this
interest, methods to assess health status and HRQoL have proliferated. There are now a
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number of valid and reliable instruments available for use in research investigations, which
are the culmination of years of research with various populations, and reflect the target
populations' perceptions of their health status and HRQoL [15].

HRQoL-measurement instruments validated for use in cancer patients have two basic
categories. Questionnaires specifically designed for the disease explore the repercussions of
the most typical symptoms and side-effects and are appropriate for comparing different
treatment modalities or changes in patients. The general instruments are applicable to any
population and are better suited to studies that seek to ascertain the disease's repercussion on
HRQoL, taking the general population as reference [16]. Among the former, the most used in
Europe for MM patients are the European Organization for Research and Treatment of Cancer
Core Cancer Quality Life Questionnaire (EORTC QLQ-C30) and its MM-specific module
(EORTC-QLQ-MY24/MY20). Among the latter, the Medical Outcomes Survey Short-Form
General Health Survey (SF-36) is the most widely used.

There are also symptom-specific instruments, assessing the patient’s reflections directly
concerning pain, fatigue, neuropathy and nausea.

For example, the Functional Assessment of Chronic Illness Therapy (FACIT) system which is
an established, comprehensive set of health-related quality-of-life measures includes a 27-item
general measure, the Functional Assessment of Cancer Therapy (FACT-G), which can be
combined with disease or treatment-specific subscales. The FACT-G captures four domains of
health-related quality of life: physical, social, emotional and functional well-being. The
supplemental subscales measure additional concerns of a specific disease or treatment. For
example, the multiple myeloma subscale (FACT-MM) includes MM-relevant items There are
also symptom-specific measures, such as FACT-An for patients with anemia or fatigue, FACT-
Bone Pain: for patients with bone pain and treatment-specific measures assessing the QoL
changing due to treatment such as FACT&GOG-Ntx: for patients with neurotoxicity [17].

7. Importance of quality of life issues

In the case of MM, disease severity and type of treatment (high-dose chemotherapy and ASCT,
the use of novel agents such as bortezomib, thalidomide or lenalidomide) have a clear influence
on the patient's subjective perception of the disease. Their effects on HRQoL are also modu‐
lated by personality traits, personal resources and the availability and perception of social and
family support.

Clinical applications of HRQoL tools may include prognostication, monitoring response to
treatment, prioritizing problems or facilitating communication. The use of HRQoL instruments
in clinical practice has also been shown to independently improve HRQoL in general oncology
patients [18]. Some authors who have demonstrated reduced HRQoL in myeloma have
concluded that HRQoL assessment should become a normal part of clinical care [19, 20].

Besides the typical primary parameters of clinical trials for measuring the treatment effect,
such as tumor volume and time to progression, recognition of HRQoL is also an important
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endpoint in clinical research. In circumstances when the studied treatment modality results
only a modest improvement in respect to primary parameters, with little benefit for the patient
but with a significant side-effect profile, it may be a helpful outcome to detect the declination
of HRQoL compared to the control. Clinical trials incorporating QoL assessments can provide
more information and help clarify the relative harms and benefits of palliative chemotherapy
and aid patient decisions when survival gains are small.

Delineation of side-effect profile by means of HRQoL assessment can assist in determining the
types of supportive interventions that may be needed to ameliorate the side-effects.

QoL can also represent an independent prognostic factor. It is known that patients with a good
QoL at the beginning of treatment manage better than those with a worse baseline value and
there is a growing amount of evidences that QoL can be used as an effective prognostic
indicator in respect to several kinds of malignancies [21].

QoL data can be a useful predictor of patient response to treatment and can affect decision-
making about therapeutic options. This data allows patients to make informed and individu‐
alized decisions on the most appropriate treatment and any required supportive interventions.

HRQoL may be applied by the healthcare system to allocate resources by economic reality. As
demand is always larger than resources, the optimal allocation of the financial means has great
economic importance.

8. Myeloma-specific HRQoL aspects

MM is a chronic, incurable disease that is associated with reduced quality of life. MM patients
have to face the problems of living with a chronic illness longer as a result of prolonged
survival. However, they are also faced with the difficulties related to a malignant disease.
Disease symptoms, concerns with certain therapeutic modalities and also the QoL changes
due to organ transplantation emerge. Generation of pathologic bone fracture, bone pain,
fatigue because of anemia and malignant disease itself, neurological symptoms due to
hypercalcaemia have a profound impact on the QoL of MM patients.

Chronic renal failure develops in one third of MM patients. Chronic dialysis treatment
implicates several life style changes.

Most anti-myeloma therapies involve intravenous injections or infusions. Regular laboratory
check-ups require repeated blood sample collections that require multiple encounters with
needles. Taking bone marrow for diagnosis and several times afterward for control examina‐
tions is very painful unless it is performed in narcosis.

ASCT has considerable effects on QoL. High-dose chemotherapy presents significant side
effects and subsequently a reduction of QoL. This is due mainly to infections, mucositis,
increased use of blood products and prolonged stays in the hospital.
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Side-effects of several lines of treatments include polyneuropathy, deep vein thrombosis, loss
of hair and constipation. Osteonecrosis of the jaw caused by bisphosphonates, though a rare
event, results in severe deterioration of QoL.

Recurrent infections due to the patients’ immunocompromised status, the disease itself and
also due to the several lines of treatment used to control the disease also contribute to the
worsening of QoL.

9. Questionnaires for evaluating MM

Osborne et al. systematically reviewed the different HRQOL instruments applied for evalu‐
ating myeloma patients in their recent study. Thirteen different HRQOL instruments were
identified across 39 studies. Only one disease-specific instrument was identified (EORTC-
QLQ-MY24/MY20). Other measures were general cancer tools (EORTC-QLQ-C30, FACT-An),
treatment specific (EORTC-QLQ-HDC19, FACT-BMT), or generic [SF-36, SF-12, SEIQoL-DW,
EQ-5D, 15D, life ingredient profile (LIP), Quality of Life Index (QLI)]. The SEIQoLDW was the
only individualised instrument (with domains defined by respondents). No instrument was
developed specifically for clinical use, or in palliative settings – although the search strategy
was designed to identify these. [22].

No single instrument covered all issues identified as important by people with myeloma. The
most comprehensive coverage was found in the EORTC-QLQ-MY24 (myeloma-specific
module, used in conjunction with core cancer questionnaire EORTC-QLQ-C30), the FACT-
BMT and the QLI.

However, each tool has its strengths and the choice of tool will depend on the context in which
it is used. To describe the incidence of side effects in a particular group, the EORTC tools may
be more appropriate. However, in clinical practice, we may want a tool to focus more on the
particular concerns of each patient (such as the SEIQoL-DW). These tools are time-consuming,
require specialized training, are difficult to compare between studies and different interview‐
ers and can be less feasible in certain groups such as those with chronic disease or the elderly.

Existing tools tend to be designed for use in research settings and their adaptation or the
development of new tools specifically for use in clinical practice would be beneficial [22].

10. HRQoL studies in MM

Though HRQoL examinations are widely used especially in cancer patients and they are an
integral component of clinical trials with new drugs, MM patients are relatively poorly studied
in this respect. A PubMed search with terms of “multiple myeloma and quality of life or health-
related quality of life” has resulted in only 51 items.

These studies  targeted the comparison of  HRQoL of  MM patients  in  different  countries
[23],  treated  with  different  therapeutic  schedules,  receiving  new  drugs  [24],  underwent
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ASCT or  tandem ASCT [25],  special  issues of  the elderly [26],  the effect  of  anemia and
fatigue and also the effect of personality on disease outcome [27]. Methodological aspects
are also emphasized [20].

11. Disease-specific complaints and HRQoL of MM patients

Patients with MM experience a very high symptom burden and low HRQOL. In a study
published in  2012,  the  Eindhoven Cancer  Registry  was  used to  select  all  patients  diag‐
nosed with MM from 1999 to 2010. Patients were asked at baseline and 1 year later. Patients
with MM reported statistically significant and clinically relevant worse scores on all EORTC
QLQ-C30  scales  compared  to  the  norm.  Also,  patients  with  MM  reported  a  mean  de‐
crease  (e.g.,  worsening)  between baseline  and 1-year  follow-up scores  for:  QoL (74% of
patients had a deteriorated score), fatigue (50%), nausea and vomiting (71%), pain (59%)
and dyspnoea (66%). The most bothering symptoms during the past week were tingling
hands/feet (32%), back pain (28%), bone aches/pain (26%), pain in arm/shoulder (19%) and
feeling drowsy (18%). Also, 37% worried about their future health, 34% thought about their
disease and 21% worried about dying [28].

12. QoL differences in transplant-ineligible myeloma patients treated with
different drug combinations

The phase 3 VISTA study (ClinicalTrials.gov NCT00111319) in transplant-ineligible myeloma
patients demonstrated superior efficacy with bortezomib-melphalan-prednisone (VMP; nine
6-wk cycles) vs. melphalan-prednisone (MP) but also increased toxicity. HRQoL was evaluated
using the EORTC-QLQ-C30 questionnaire. Results demonstrated clinically meaningful,
transitory HRQoL decrements with VMP and relatively lower HRQoL vs. MP during early
treatment cycles, associated with the expected additional toxicities. However, HRQoL is not
compromised in the long term, recovering by the end-of-treatment visit to be comparable vs.
MP. Analyses by bortezomib dose intensity indicated better HRQoL in patients receiving lower
dose intensity [29].

13. HRQoL assessment in MM patients undergoing autologous stem cell
transplantation

HRQoL assessment in this patient setting is important as patients and even clinicians are
reluctant to choose this modality for fear of declination of QoL. However, it is not the best
choice for every patient. HRQoL studies may contribute to the appropriate patient selection.

In a population-based study, the Nordic Myeloma Study Group found a survival advantage
for high-dose therapy and ASCT compared to conventional chemotherapy in MM patients
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who were less than 60 years of age. HRQoL was integrated into the trial, using the EORTC
QLQ-C30 questionnaire. Of the 274 patients receiving intensive therapy, 221 (81%) were
compared to 113 (94%) of 120 patients receiving conventional melphalan-prednisone treat‐
ment. Prior to treatment, there were no statistically significant differences in any HRQoL score
between the two groups. One month after the start of induction chemotherapy, the patients
on intensive treatment had lower scores that gradually improved and at 12 and 24 months, the
HRQoL was similar to that of the control patients. At 36 months, there was a trend toward less
fatigue, pain, nausea, and appetite loss in the intensive-treatment group. Despite the moderate
HRQoL reduction associated with the early intensive chemotherapy phase, the 18 months of
prolonged survival seem to be associated with a good HRQoL [30].

QOL results of an Australian study on MM patients who underwent dose-reduced tandem
ASCT were published in 2011. Patients younger than 60 years old received conditioning with
melphalan 140 mg/m2 and patients who were Older than or equal to 60 years old received 100
mg/m2. EORTC QLQ-C30 and the QLQ-MY24 questionnaires were conducted after each ASCT
and thereafter every 3 months for 24 months. Mean global health measure improved from 3.44
before transplant to 4.50 (1being very poor and 7 being excellent) at the second and subsequent
follow-up visits and the mean global QoL score improved from 3.61 to 4.71. Pain symptoms
were reduced and physical functioning improved throughout the period of post-transplant
follow-up. The study showed that dose-reduced tandem ASCT was well tolerated with low
toxicity although there was a transient reduction in QoL during both transplants. Post-
transplant follow-up showed significant improvement in overall HRQoL that reflects posi‐
tively on the overall disease-outcome [31].

In a University of Arkansas study, the decreases in functioning after transplantation were less
pronounced than anticipated. At stem cell collection, physical deficits were common, with
most patients scoring 1 standard deviation below population norms for physical well-being
(70.2%) and functional well-being (57.5%), and many reporting at least moderate fatigue
(94.7%) and pain (39.4%). Clinically meaningful levels of anxiety (39.4%), depression (40.4%)
and cancer-related distress (37.0%) were evident in a notable proportion of patients. After
transplantation, there was a worsening of transplant-related concerns, depression and life-
satisfaction. However, pain improved and social functioning was well preserved. Older
patients were not more compromised than younger ones. In multivariate analyses, they
reported better overall QoL and less depression than before transplantation [32].

14. QoL assessment of elderly MM patients

Thalidomide with melphalan and prednisone (MPT) was defined as standard treatment in
elderly patients with MM. In a randomized trial (HOVON49), a prospective HRQoL study
was initiated in order to assess the impact of thalidomide on QoL. Patients aged 65 years
and  older  with  newly  diagnosed  MM  were  randomized  to  receive  melphalan  plus
prednisone  (MP)  or  MPT,  followed  by  thalidomide  maintenance  in  the  MPT  arm.  284
patients  were  included  (MP,  n=149;  MPT  n=135).  HRQoL  was  assessed  with  the  QLQ-
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C30  and  the  myeloma-specific  module  (QLQ-MY24)  at  baseline  and  at  predetermined
intervals  during  treatment.  The  QLQ-C30  subscales  physical  function  and  constipation
showed an improvement during induction in favour of the MP arm. During thalidomide
maintenance, the scores for the QLQ-MY24 paraesthesia became significantly higher in the
MPT arm. The QLQ-C30 subscales pain, insomnia and appetite loss and the QLQ-MY24
item  sick  scored  marginally  better  during  thalidomide  maintenance.  The  overall  QoL-
scale  QLQ-C30-HRQoL  showed  a  significant  time  trend  towards  more  favorable  mean
values during protocol treatment without differences between MP and MPT. For the QLQ-
C30 subscales emotional function and future perspectives, difference in favour of the MPT
arm from the  start  of  treatment  was  observed with  no  significant  'time  ×  arm'  interac‐
tion,  indicating  a  persistent  better  patient  perspective  with  MPT  treatment.  The  study
concluded that the higher frequency of toxicity associated with MPT does not translate into
a negative effect on HRQoL and that MPT holds a better patient perspective [33].

Quality-of-life  assessment  may  be  an  independent  and  valuable  addition  to  the  known
prognostic  factors  in  multiple  myeloma.  In  a  randomized  trial  (NMSG  4/90),  patients
treated with melphalan/prednisone were compared to a melphalan/prednisone + interfer‐
on alpha-2b treated patient group in 486 newly diagnosed multiple myeloma. Univariate
analysis showed a highly significant association with survival from the start of therapy for
physical functioning as well as role and cognitive functioning, global quality of life, fatigue
and pain.  In  multivariate  analysis,  physical  functioning and W.H.O.  performance status
were independent prognostic factors when analysed in a Cox regression model with the
somatic  variables  beta-2 microglobulin,  skeletal  disease and age.  The best  prediction for
survival from the start of therapy was obtained by combining the beta-2 microglobulin and
physical  functioning  scores  in  a  variable  consisting  of  three  risk  factor  levels  with  an
estimated median survival of 17, 29 and 49 months, respectively [34].

15. Assessment of the correlation of psychological well-being and QoL in
MM

A cross-sectional survey was conducted aiming to identify the nature and range of needs,
as well as levels of quality of life (QoL), of both patients living with myeloma and their
partners. Patients and their partners were recruited from 4 hospitals in the United Kingdom
at a mean post-diagnosis time of 5 years. A total of 132 patients and 93 of their partners
participated.  One-quarter  of  the  patients  and  one-third  of  the  partners  reported  unmet
supportive  care  needs.  About  27.4%  of  patients  reported  signs  of  anxiety  and  25.2%
reported signs of  depression.  Almost half  the partners (48.8%) reported signs of  anxiety
and 13.6% exhibited signs of depression. Anxious/depressed patients had more than double
the unmet needs than non-anxious/depressed patients (P<0.05).  QoL was moderate, with
key  areas  of  impairment  being  physical,  emotional,  social  and  cognitive  functioning.
Patients  complained  of  several  symptoms,  including  tiredness  (40.7%),  pain  (35.9%),
insomnia (32.3%), peripheral neuropathies (28.3%) and memory problems (22.3%). About
40.8% were worried about their health in the future [35].
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16. Conclusion

Investigation of QoL has become increasingly important in economically developed countries.
HRQoL assessment is becoming a current and integral part of clinical studies with new drugs.
Measuring of QoL is becoming more and more important for decision making in the field of
health policy.

MM is a currently incurable disease, but survival can be significantly prolonged by the
administration of new therapeutic modalities. The mean age at the time of diagnosis is over
60, so it is especially important to choose the least harmful treatment for the patient so the best
quality of life can be achieved. Results of QoL examinations can help us find the most appro‐
priate treatment for our patients.
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16. Conclusion

Investigation of QoL has become increasingly important in economically developed countries.
HRQoL assessment is becoming a current and integral part of clinical studies with new drugs.
Measuring of QoL is becoming more and more important for decision making in the field of
health policy.

MM is a currently incurable disease, but survival can be significantly prolonged by the
administration of new therapeutic modalities. The mean age at the time of diagnosis is over
60, so it is especially important to choose the least harmful treatment for the patient so the best
quality of life can be achieved. Results of QoL examinations can help us find the most appro‐
priate treatment for our patients.
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1. Introduction

Multiple myeloma (MM) or plasma cell myeloma is a neoplastic proliferation of plasma cells
that primarily involves the bone marrow but may originate from extramedullary sites [1-4].
Although it is uncommon in veterinary medicine, it has been reported in several species, in‐
cluding cats, dogs and, horses [1,3,5-10]. The frequency of MM in cats is slightly <1% of all
malignant neoplasms. Canine MMs account for only 0.3% of all malignancies in dogs. MMs
account approximately 2% of all hematopoietic neoplasms in both dogs and cats [4]. Most of
the reports in the literature are limited to 1 to 16 case studies [4,11-16]. However, in a recent
report regarding the incidence of bone disorders diagnosed in dogs, MM was the second
most frequently diagnosed neoplastic condition in canine bone marrow [17].

Similarly, MM is an extremely rare disorder in horses. Ten cases, nine from the literature
and a new case, were described by Edwards et al. [1] and only six additional cases have
been described lastly [3,6-8,18]. Because of the uncommonly diagnosis of equine MM, the
prevalence of this neoplasm is unknown in the horse.

2. Data of the patients with multiple myeloma

MM is generally a disease of older animals, although some reports exist in young animals.
In dogs, the average age of diagnosis is between 8 and 12 year-old [9-10,15,19-25].There is a
report of MM in a younger dog, 4-year-old [26]. There is no apparent gender predisposition
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1. Introduction

Multiple myeloma (MM) or plasma cell myeloma is a neoplastic proliferation of plasma cells
that primarily involves the bone marrow but may originate from extramedullary sites [1-4].
Although it is uncommon in veterinary medicine, it has been reported in several species, in‐
cluding cats, dogs and, horses [1,3,5-10]. The frequency of MM in cats is slightly <1% of all
malignant neoplasms. Canine MMs account for only 0.3% of all malignancies in dogs. MMs
account approximately 2% of all hematopoietic neoplasms in both dogs and cats [4]. Most of
the reports in the literature are limited to 1 to 16 case studies [4,11-16]. However, in a recent
report regarding the incidence of bone disorders diagnosed in dogs, MM was the second
most frequently diagnosed neoplastic condition in canine bone marrow [17].

Similarly, MM is an extremely rare disorder in horses. Ten cases, nine from the literature
and a new case, were described by Edwards et al. [1] and only six additional cases have
been described lastly [3,6-8,18]. Because of the uncommonly diagnosis of equine MM, the
prevalence of this neoplasm is unknown in the horse.

2. Data of the patients with multiple myeloma

MM is generally a disease of older animals, although some reports exist in young animals.
In dogs, the average age of diagnosis is between 8 and 12 year-old [9-10,15,19-25].There is a
report of MM in a younger dog, 4-year-old [26]. There is no apparent gender predisposition
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in dogs. Further, the largest retrospective study to date (60 dogs) included 30 males and 30
females [27].

The  mean age  of  diagnosis  in  cats  ranges  between 12.5  and 14  years,  and most  of  the
cats with MM are older than 7 year-old [28,29,4,30,31,32,33,9]. According to the literature,
the youngest  cat  with MM was 1.5  year-old [31].  A myeloma-related disorder has been
described  for  a  19-month-old  cat  [34].  Males  accounted  for  about  55-56%.  The  age  and
gender in dogs and cats with MM are similar to those described in human patients. In a
large retrospective study of 1027 people, the average age of diagnosis was 66 years and
59% were men [35].

MM is also a neoplasm of elderly horses, with mean age of 11 years at the moment of the
diagnosis [1]. Horses with this condition have ranged in age from three months to 25 years.
The youngest animals were a 1.6-year-old Quarter Horse mare [36] and a 3 month-old Quar‐
ter Horse colt [37]. Although it was suggested initially that it could be more common in
Quarter Horses [1], there are too few reports in equids for statistical interpretation of this
data. Both male (geldings and stallions) and female horses are represented equally.

3. Current knowledge of the etiology and predisposing factors of MM in
companion animals

Factors  associated  with  the  development  of  MM  in  companion  animals  have  not  been
identified.  In  human  patients,  exposure  to  high  doses  of  ionizing  radiation  has  been
linked to MM development according to  some studies  [38-40].  In  relation to  x-rays,  the
results  of  many  cohort  studies  in  human beings  have  been  inconsistent,  in  some cases
suggesting that frequent exposure has a negligible effect and in other that it is a signifi‐
cant risk [41-43]. In one report of equine MM, one horse was used regularly for teaching
radiology and Pusterla et al. [3] suggested that it might exists an association between ex‐
posure to x-rays and neoplastic transformation.

Genetic and hereditary factors may also play a role in MM development [44-45]. Recurrent
infections or antigen stimulation have been proposed as predisposing factors, although epi‐
demiological studies have not been confirmed this association [46]. Infections with several
virus diseases in human patients appear related to an elevated MM risk, although some data
do not support a potentially causal relationship between these infections and MM [46-50]. In
cats, a link between MM and virus such as feline leukemia virus (FeLV) and feline immuno‐
deficiency virus (FIV) has not been identified, but a diagnosis of the disease among sibling
suggests a familiar association [29]. The role of oncogenes, tumor-suppresor genes, cyto‐
kines, and their interaction with the bone marrow environment in the etiopathogenesis of
the MM are currently being investigated in animal models. Overexpression of cell cycle reg‐
ulators, such as cyslin D1 and disregulation of receptor tyrosine kinase have been implicated
in the pathogenesis of plasma cell tumors and MM [51]. Progression of B cell lymphoma to
MM and of solitary plasma cell tumors to MM in dogs and cats have been reported [52-53].
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4. Clinical signs

The infiltration of various organ systems by neoplastic cells, the production of cytokines by
the tumor or the bone marrow microenvironment, and the high circulating level of a single
type of immunoglobulin lead to a wide array of clinical manifestations. Therefore, the clini‐
cal signs of MM vary with the level of plasma cell proliferation, the location and spread of
the neoplastic plasma cells, and the nature and extent of the proteinuria [3,4,9-10,15,33,54].
The clinical signs are generally non-specific and include lethargy, renal failure, hemostatic
abnormalities, anorexia, diarrhea and vomiting in small animals and weight loss, anorexia,
fever, increased susceptibility to infections and limb edema in horses [1,3,8,11,36].

4.1. Increased susceptibility to infections

MM patients are usually immunocompromised and thus highly susceptible to infections
[55]. MM associated immunodeficiency is likely a multifaceted phenomenon secondary to
decreased concentration of polyclonal immunoglobulin [56], suppression of macrophage-re‐
lated factors influencing the normal B cell differentiation to plasma cells [57] in response to
antigenic stimulation [58], decreased T helper cell function, increased rate of γ-globulin ca‐
tabolism, neoplastic infiltration of bone marrow resulting in leukopenia [59], dysfunctional
and/or decreased numbers of neutrophils, and defective complement activation [3-4].

In cats with MM, the most common infectious processes include periodontitis, chronic re‐
current upper respiratory infections and terminal bacteriemia [4]. In horses with MM, the
most common system affected by infectious disease is the lung, with several cases of severe
pneumonia [1,3,37,60].

4.2. Bone pain and skeletal lesions

Bone pain is considered one of the most common presenting complaints in human patients
[61-62]. Skeletal abnormalities are commonly recognized in small animals, but uncommon in
horses with MM [1,3,63]. Horses frequently had bone lesions, therefore, bone pain might
manifest more as a gait abnormality and therefore, it could be misdiagnosed.

The percentage of cats with MM and radiographically-evident skeletal lesions was 58.3%
[2,4,13,63-66], similar to the 50-60% occurrence reported for dogs [27,64]. Skeletal lesions can
be either solitary (well-circumscribed with areas of osteolysis or punched-out lytic areas) or
multiple (generalized osteopenias) [4,27]. Rarely, pathologic fractures are seen. Skeletal le‐
sions are typically identified in bones involved in active hematopoiesis (e.g. ribs, vertebrae,
pelvis, and proximal and distal aspects of long bones). Other causes of focal osteolysis are
rare in companion animals, but include carcinomas [67], giant cell tumors of bone [68], be‐
nign aneurismal bone cysts [69-71] and bone lesions secondary to tumor invasion [70,72-73].
Generalized osteopenias have also been diagnosed radiographically [4]. Demineralization of
bone in humans is detected through measurement of bone mineral density, a technique not
used routinely in veterinary medicine. Generalized osteopenias is not specific for MM, and
may also be seen with nutritional, renal and metabolic disorders [74-77].
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infections or antigen stimulation have been proposed as predisposing factors, although epi‐
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kines, and their interaction with the bone marrow environment in the etiopathogenesis of
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ulators, such as cyslin D1 and disregulation of receptor tyrosine kinase have been implicated
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4.3. Bleeding disorders

Bleeding is a prominent feature of MM in human beings [78-82]. Clinically, hemorrhages oc‐
cur in approximately one-third of dogs and one fourth of cats with MM [4,27,29]. In horses,
the most common clinical manifestation is epistaxis [1,3,6].

The pathogenesis of bleeding diathesis is likely multifactorial. The M-component may inter‐
fere with normal coagulation and lead to hemostatic defects by various mechanism that in‐
clude inhibition of platelet aggregation and release of platelet factor, adsorption of minor
clotting factors, induction of abnormal fibrin polymerization and functional decrease in cal‐
cium. In instances where myelophthisis is present due to profound bone marrow infiltra‐
tion, thrombocytopenia may develop and contribute to hemorrhagic events [24].

4.4. Hyperviscosity syndrome

The hyperviscosity syndrome (HVS) in characterized by clinico-pathologic  abnormalities
that occur secondarily to increased serum viscosity, which is associated with the M-com‐
ponent.  HVS is  most  commonly  associated  with  immunoglobulin-M macroglobulinemia
due to the high molecular weight of IgM [85]. However, it also can occur in presence of
IgA, and rarely with IgG [27].  HVS leads to bleeding diathesis,  neurological signs (such
as seizures,  depression, coma),  congestive heart failure,  renal failure and ophthalmic ab‐
normalities,  including tortuous and dilated retinal  vessels,  retinal  hemorrhages and reti‐
nal  detachment,  sludging  of  blood  within  small  vessels  and  impaired  delivery  of
nutrients and oxygen to tissues [84].

Approximately 20% of dogs with MM develop this syndrome and it has been reported in
cats [4,13,19,23,54,85]. There is a report that measured serum viscosity in a horse with MM
[86]. The horse had a serum concentration of globulin of 9.6 g/dl (reference range 3.5-4.5
g/dl) and a relative serum viscosity of 7 (reference range 1.4-1.7). In horses, edema is a com‐
mon clinical signs in MM [1,3]. The genesis of limb edema is unknown, although blood hy‐
perviscosity may be contributory. Increased vascular permeability has been proposed as a
cause of edema accompanying osteosclerosis myeloma in human beings [87].

4.5. Renal disease

Renal disease occurs in approximately 22-50% of dogs and about 30% of cats with MM
[4,27]. The pathogenesis of renal disease is commonly multifactorial and several mecha‐
nisms have been implicated in human patients [88-89]. In the majority of the cases, renal im‐
pairment is caused by the accumulation and precipitation of light chains, which forms casts
in the distal tubules, resulting in renal obstructions. In addition, myeloma light chains are
also directly toxic on proximal renal tubules, further adding to renal dysfunction [89-90].
Circulating monoclonal light chains are relatively freely filtered through the glomerulus,
reaching the proximal tubule, where they are catabolized. Free light chains are endocytosed
by proximal tubule cells, through a receptor-mediated process, by binding to the tandem
scavenger receptor system cubilin/megalin. Then, they are endocytosed through the cla‐
thrin-dependent endosomal/lysosomal pathways and degraded within lysosomes [91-94]. In
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MM, excess light chain production overcomes the capacity of the tubular cells to catabolize
the free light chains that appear in the tubular fluid of distal nephron segments. Therefore,
they form tubular casts with Tamm-Horsfall protein (uromodulin), a glycoprotein-synthe‐
sized by the cells in the medullary thick ascending limb of the loop of Henle with affinity for
monoclonal light chains. Light chains interact through their complementary determining re‐
gion with a specific binding site on the Tamm-Horsfall protein and form aggregates and
casts that subsequently lead to the tubular obstruction of the distal tubule and the thick as‐
cending loop of Henle [95-97]. Tubular obstruction increases intraluminal pressure, reduces
glomerular filtration rate and reduces interstitial blood flow, thus further compromising the
renal function [90]). The rates of cast formation increase when light chains increase, al‐
though there is considerable diversity among the nephrotoxicity of light chains. The variable
region of the light chain determines nephrotoxicity of the specific light chain by determining
the affinity with Tomm-Horsfall protein [98-99]. It has been indicated that Tamm-Horsfall
protein interacts with the hypervariable regions of the light chains. This region contains the
amino acids that give diversity, and allow for interactions with several proteins to promote
antigen binding by immunoglobulins [100-101]. In addition, the variable region of the light
chain determines the specific type of renal damage. Both lambda and kappa light chains are
nephrotoxic, but lambda light chains are more frequently involved in the formation of amy‐
loid than kappa [102]. The relationship between the type of light chain and the severity and
type of renal damage has not been investigated in animals yet.

In addition of casts formation, endocytosis of light chains by renal tubular cells induces pro-
inflammatory cytokine production (interleukin-6 and 8, tumor necrosis factor-α). These pro-
inflammatory cytokines promote infiltration by inflammatory cells that produce
metalloproteinases and increase transforming growth factor-b production, resulting in ma‐
trix protein deposition and fibrosis and further compromising the ability of the nephron to
restore function [103]. Light chains endocytosis might also cause tubular cell necrosis, lead‐
ing to more severe renal dysfunction [104], but the exact mechanism has not been described.
It has been hypothesized that the aggregation of light chains after endocytosis initiates a cas‐
cade leading to tubular cell death [105].

Other mechanisms that lead to renal insufficiency are tumor infiltration within the renal pa‐
renchyma, hypercalcemia, amyloidosis, decreased renal perfusion due to the HVS, dehydra‐
tion, ascending urinary tract infections and Bence-Jones proteinuria [4, 27]. In human
patients with MM, hypercalcemia is the second most common cause of renal failure. Hyper‐
calcemia is also probably an important predisposing factor to renal dysfunction in animals
with MM, since a tight relationship between renal failure and hypercalcemia has been de‐
scribed in many reports in veterinary medicine [106-108] Hypercalcemia interferes with re‐
nal function and impairs renal concentrating ability, causes vasoconstriction of renal
vasculature and enhances diuresis.

4.6. Heart disease

Heart disease may occur in patients with MM as a consequence of HVS related to myocar‐
dial hypoxia and increased cardiac workload. In addition, amyloid deposition in the myo‐
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dial hypoxia and increased cardiac workload. In addition, amyloid deposition in the myo‐

Multiple Myeloma in Horses, Dogs and Cats: A Comparative Review Focused on Clinical Signs and Pathogenesis
http://dx.doi.org/10.5772/54311

293



cardium and anemia may exacerbate the severity of this condition [109]. Approximately 50%
of the cats with MM in one study had idiopathic heart murmur [4]. Recently, three cases of
cats evaluated for congestive heart failure with acute collapse, tachypnea, increased respira‐
tory effort, and pulmonary crackles, have been reported secondarily to HVS [54].

4.7. Other clinical signs

Neurological manifestations often complicate the course of MM, but direct involvement of
the central nervous system in rare in human patients, although there are some cases report‐
ed [110-113]. Similarly, neurological signs are uncommon manifestations of MM in animals.
However, it is well recognized that MM may lead to abnormalities of the central nervous
system either as a result of spinal cord compression by the neoplasm arising within a verte‐
bra or due to pathological fracture of a vertebra weakened by tumor infiltration [114-115]. It
could also be due to the HVS where sludging of blood within the vasculature results in cen‐
tral nervous system hypoxia [116]. Neurological signs associated with MM have been re‐
ported in horses [1,7], cats [31] and dogs [22,114]. Edwards et al. [1] described the cases of
three horses with rear leg paresis and/or ataxia. Spinal cord compression by an extradural
tumor mass was observed in one of the two horses in which the spinal canal was examined.
McConkey et al. [7] observed a horse with hind ataxia progressing to paralysis, with dys‐
phagia and ptyalism. These clinical signs were attributed to neoplastic involvement of the
trigeminal nerve. Similarly, Appel et al. [31] presented the case of a cat with hind limb loco‐
motor difficulties, signs of pain along the lumbar portion of the vertebral column, with al‐
tered motor function and moderate muscle atrophy. In this case, survey radiographs
revealed osteolytic lesions in lumbar vertebras [31].

In MM patients, peripheral neuropathy has for a long time been considered as mainly secon‐
dary to the tumor, following a direct compression (radicular or medullar), light chain depos‐
its (amyloidosis), cryoglobulinemia or an autoimmune mechanism [117-121]. A
paraneoplastic polyneuropathy is seen in association with IgM monoclonal gammopathy as‐
sociated with MM, Waldenstrom’s macroglobulinemia, primary amyloidosis and lympho‐
ma, as well as monoclonal gammopathy of undetermined significance. IgM-M proteins have
autoantibody activity and have been shown to bind to myelin associated glycoprotein re‐
sulting in a demyelinating peripheral neuropathy [121]. However, increased levels of cyto‐
kines are thought to cause the paraneoplastic neuropathy rather than an immune-mediated
mechanism [122-123]. Furthermore, with the use of new drugs, the iatrogenic neurotoxicity
has become the leading cause of peripheral neuropathy in people [124-126]. The commonest
nerve involvement appears to be in the form of sensory-motor axonal neuropathy followed
by sensory-motor demyelinating neuropathy [117].

In companion animals, paraneoplastic neuropathies have been reported sporadically in ma‐
lignant tumors, and include bronchogenic carcinoma, insulinoma, leiomyosarcoma, heman‐
giosarcoma, undifferentiated sarcoma, synovial sarcoma and adrenal adenocarcinoma
[114,127-129]. Viviers and Dobson [22] described the case of a 12-year-old female German
Shepherd dog that developed progressive hindlimb followed by forelimb ataxia with tetra‐
plejia. Neurological examination suggested lower motor dysfunction. MM was diagnosed
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by biochemical evaluation, radiography and bone marrow aspirate. An electromyogram re‐
vealed positive sharp waves and fibrillation potentials in the skeletal muscles of the limbs,
suggesting a polyneuropathy. Motor function started to improve four weeks after commenc‐
ing treatment. According to the authors, polyneuropathy in this dog appeared as a paraneo‐
plastic syndrome secondary to MM [22].

Cutaneous involvement in MM has also been described in animals, although it seems to
be  unusual.  Mayer  et  al.  [24]  described  the  case  of  an  8-year-old  Rottweiler  dog  with
more than 50 soft cutaneous and subcutaneous nodules, ranging from 0.5 to 2.5 cm in di‐
ameter, located primarily on the ventral aspects of the thorax and abdomen and the me‐
dial aspect of the thighs. Histopathological examination of excised subcutaneous modules
revealed  MM.  More  recently,  Fukumoto  et  al.  [16]  presented  the  case  of  a  7-year-old
male, mixed breed dog with more than 40 cutaneous nodules ranging from 0.5 to 1.0 cm
in  diameter,  mainly  on  the  abdomen  and  inguinal  region.  Cutaneous  involvement  has
not been described in horses with MM.

5. Diagnosis aids of multiple myeloma in veterinary medicine

5.1. Hematology

Anemia is  a  prominent feature of  MM, it  is  commonly associated with clinical  progres‐
sion in human patients and occurs in more than two thirds of all patients [130-132]. Sim‐
ilarly,  approximately  30%  of  dogs  and  75%  of  cats  with  MM  have  a  normocytic
normochromic  non-regenerative  anemia  [4,10,26-27,32-33]  and  anemia  is  also  invariably
present in horses with MM.

The  pathogenic  mechanisms  involved  in  the  anemia  are  chronic  inflammation,  tumor
hemorrhage and/or hemostatic abnormalities, myelophthisis,  increased red blood cell de‐
struction induced by the HVS,  plasma expansion secondary to the osmotic  effect  of  the
paraproteins and red cell  destruction by neoplastic  cells  [4,27,29].  In cats,  erythrophago‐
cytosis by neoplastic plasma cells [32], mast cells [133]), lymphocytes [134-135] and histo‐
cytes [136] has been observed.  In the same way,  there are several  reports  of  phagocytic
plasma cells  in  people  with  MM [137].  Although erythrophagocytic  plasma cells  in  hu‐
mans with MM are rare,  neoplastic plasma cells have been observed with phagocytosed
platelets and granulocytes [138]. The mechanism of hemophagocytosis in MM is unclear,
as plasma cells have not phagocytic function under normal circumstances. Results of the
direct antiglobulin test in humans are almost always negative, suggesting hemophagocy‐
tosis by neoplastic cells is not an autoimmune function [137]. It has been speculated that
phagocytic  plasma  cells  may  arise  as  an  expansion  of  a  rare  B-cell  clone  with  innate
phagocytic potential [137]. A single case of phagocytic plasma cells aberrantly expression
CD15 (normally found on neutrophils and monocytes and involved in phagocytosis) has
been reported in human beings [139].

Nevertheless, anemia of chronic disease appears to be of utmost importance in MM. Inter‐
leukin-1 and tumor necrosis factors are capable of suppressing erythropoiesis [130]. Anemia
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the central nervous system in rare in human patients, although there are some cases report‐
ed [110-113]. Similarly, neurological signs are uncommon manifestations of MM in animals.
However, it is well recognized that MM may lead to abnormalities of the central nervous
system either as a result of spinal cord compression by the neoplasm arising within a verte‐
bra or due to pathological fracture of a vertebra weakened by tumor infiltration [114-115]. It
could also be due to the HVS where sludging of blood within the vasculature results in cen‐
tral nervous system hypoxia [116]. Neurological signs associated with MM have been re‐
ported in horses [1,7], cats [31] and dogs [22,114]. Edwards et al. [1] described the cases of
three horses with rear leg paresis and/or ataxia. Spinal cord compression by an extradural
tumor mass was observed in one of the two horses in which the spinal canal was examined.
McConkey et al. [7] observed a horse with hind ataxia progressing to paralysis, with dys‐
phagia and ptyalism. These clinical signs were attributed to neoplastic involvement of the
trigeminal nerve. Similarly, Appel et al. [31] presented the case of a cat with hind limb loco‐
motor difficulties, signs of pain along the lumbar portion of the vertebral column, with al‐
tered motor function and moderate muscle atrophy. In this case, survey radiographs
revealed osteolytic lesions in lumbar vertebras [31].

In MM patients, peripheral neuropathy has for a long time been considered as mainly secon‐
dary to the tumor, following a direct compression (radicular or medullar), light chain depos‐
its (amyloidosis), cryoglobulinemia or an autoimmune mechanism [117-121]. A
paraneoplastic polyneuropathy is seen in association with IgM monoclonal gammopathy as‐
sociated with MM, Waldenstrom’s macroglobulinemia, primary amyloidosis and lympho‐
ma, as well as monoclonal gammopathy of undetermined significance. IgM-M proteins have
autoantibody activity and have been shown to bind to myelin associated glycoprotein re‐
sulting in a demyelinating peripheral neuropathy [121]. However, increased levels of cyto‐
kines are thought to cause the paraneoplastic neuropathy rather than an immune-mediated
mechanism [122-123]. Furthermore, with the use of new drugs, the iatrogenic neurotoxicity
has become the leading cause of peripheral neuropathy in people [124-126]. The commonest
nerve involvement appears to be in the form of sensory-motor axonal neuropathy followed
by sensory-motor demyelinating neuropathy [117].

In companion animals, paraneoplastic neuropathies have been reported sporadically in ma‐
lignant tumors, and include bronchogenic carcinoma, insulinoma, leiomyosarcoma, heman‐
giosarcoma, undifferentiated sarcoma, synovial sarcoma and adrenal adenocarcinoma
[114,127-129]. Viviers and Dobson [22] described the case of a 12-year-old female German
Shepherd dog that developed progressive hindlimb followed by forelimb ataxia with tetra‐
plejia. Neurological examination suggested lower motor dysfunction. MM was diagnosed
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by biochemical evaluation, radiography and bone marrow aspirate. An electromyogram re‐
vealed positive sharp waves and fibrillation potentials in the skeletal muscles of the limbs,
suggesting a polyneuropathy. Motor function started to improve four weeks after commenc‐
ing treatment. According to the authors, polyneuropathy in this dog appeared as a paraneo‐
plastic syndrome secondary to MM [22].

Cutaneous involvement in MM has also been described in animals, although it seems to
be  unusual.  Mayer  et  al.  [24]  described  the  case  of  an  8-year-old  Rottweiler  dog  with
more than 50 soft cutaneous and subcutaneous nodules, ranging from 0.5 to 2.5 cm in di‐
ameter, located primarily on the ventral aspects of the thorax and abdomen and the me‐
dial aspect of the thighs. Histopathological examination of excised subcutaneous modules
revealed  MM.  More  recently,  Fukumoto  et  al.  [16]  presented  the  case  of  a  7-year-old
male, mixed breed dog with more than 40 cutaneous nodules ranging from 0.5 to 1.0 cm
in  diameter,  mainly  on  the  abdomen  and  inguinal  region.  Cutaneous  involvement  has
not been described in horses with MM.

5. Diagnosis aids of multiple myeloma in veterinary medicine

5.1. Hematology

Anemia is  a  prominent feature of  MM, it  is  commonly associated with clinical  progres‐
sion in human patients and occurs in more than two thirds of all patients [130-132]. Sim‐
ilarly,  approximately  30%  of  dogs  and  75%  of  cats  with  MM  have  a  normocytic
normochromic  non-regenerative  anemia  [4,10,26-27,32-33]  and  anemia  is  also  invariably
present in horses with MM.

The  pathogenic  mechanisms  involved  in  the  anemia  are  chronic  inflammation,  tumor
hemorrhage and/or hemostatic abnormalities, myelophthisis,  increased red blood cell de‐
struction induced by the HVS,  plasma expansion secondary to the osmotic  effect  of  the
paraproteins and red cell  destruction by neoplastic  cells  [4,27,29].  In cats,  erythrophago‐
cytosis by neoplastic plasma cells [32], mast cells [133]), lymphocytes [134-135] and histo‐
cytes [136] has been observed.  In the same way,  there are several  reports  of  phagocytic
plasma cells  in  people  with  MM [137].  Although erythrophagocytic  plasma cells  in  hu‐
mans with MM are rare,  neoplastic plasma cells have been observed with phagocytosed
platelets and granulocytes [138]. The mechanism of hemophagocytosis in MM is unclear,
as plasma cells have not phagocytic function under normal circumstances. Results of the
direct antiglobulin test in humans are almost always negative, suggesting hemophagocy‐
tosis by neoplastic cells is not an autoimmune function [137]. It has been speculated that
phagocytic  plasma  cells  may  arise  as  an  expansion  of  a  rare  B-cell  clone  with  innate
phagocytic potential [137]. A single case of phagocytic plasma cells aberrantly expression
CD15 (normally found on neutrophils and monocytes and involved in phagocytosis) has
been reported in human beings [139].

Nevertheless, anemia of chronic disease appears to be of utmost importance in MM. Inter‐
leukin-1 and tumor necrosis factors are capable of suppressing erythropoiesis [130]. Anemia
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has broad implications in these patients. First, the low hemoglobin concentration and
packed cell volume have been associated with poor quality of life in people, and affect daily
activity. Second, anemia has an impact on the cardiovascular system. In fact, anemia has
been shown to induce or aggravate hypoxia and ischemic complications. Third, anemia has
been shown to be a poor prognostic factor in MM [140-142].

Data concerning white blood cell count (total and different subpopulations) are not consis‐
tent in animals with MM. It has been found lymphopenia [24,30,32], leukocytosis due to
neutrophilia [4,8], neutropenia with lymphocytosis [31], leukopenia [1,25,37], leukocytosis
with neutrophilia and lymphocytosis [31], neutropenia [16], neutrophenia with lymphope‐
nia [18], pancytopenia [10] and absence of white blood cell abnormalities [3,6,22].

Thrombocytopenia is reported in approximately one third of all canine patients of MM
[10,25,27]. It has also been described in cats [4,29] and horses [18,37]. However, there are
many other reports of MM in veterinary medicine with patients that show normal number
of platelets [3,6-8,16,22,24,31-32]. Thrombocytopenia that could promote bleeding disorders,
is proposed to result from infiltration of bone marrow by malignant plasma cells, consump‐
tion of platelets as part of thrombohemorrhagic syndrome, such as disseminated intravascu‐
lar coagulation, shortened platelet half-life or immune-mediated destruction, even though
the latter 2 mechanisms have yet to be verified in veterinary medicine [10,27,30,64,142-143].

5.2. Blood clinical biochemistry

5.2.1. Serum protein concentrations and serum protein electrophoresis

Hyperproteinemia, specifically hypoalbuminemia and hyperglobulinemia is very common
in MM, but not an invariable feature. Hypoalbuminemia has been described consistently in
MM in dogs [9,15-16,22-24], cats [3,9,29,32] and horses [1,3,18]. However, in the three animal
species, there are some reports that reported serum albumin concentrations within the refer‐
ence range in animals [6-8,31].

The mechanisms of the hypoalbuminemia are unknown, but in human beings is primarily
related to the extent of the proliferation of the MM and it is therefore of diagnostic and prog‐
nostic importance [144]. Several studies have suggested that low serum albumin concentra‐
tions correlate with increased serum concentrations of interleukin-6, a potent myeloma cell
growth factor, reflecting disease severity and cell proliferation [145-146]. Interleukin-6 is a
multifunctional, pro-inflammatory cytokine that stimulates B cell maturation and prolifera‐
tion and overproduction has been demonstrated in a variety of B-cell malignancies [147].

The neoplastic plasma cells are responsible for an overproduction of a homogeneous or
monoclonal immunoglobulin product, known as paraproteins o M-component. The para‐
proteins may be complete immunoglobulin, free light chains, light chains fragments or poly‐
mers, or partial immunoglobulins missing one or both chains [148]. The term monoclonal
gammopathy is commonly used to define hyperglobulinemia characterized by an electro‐
phoretic pattern with a sharply defined peak that is usually in the β- or γ- region and is nar‐
rower than the albumin peak [9,149]. When 2 narrow peaks with these features are
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recognized, the term biclonal gammopathy is often used. Monoclonal gammopathies are as‐
sociated with production of a single clone of immunoglobulin owing to clonal expansion of
neoplastic lymphoid cells, such as plasma cells in MM and B cells in lymphoma [9]. In con‐
trast, a polyclonal gammopathy is characterized by a broader peak or multiple peaks in the
γ- or β-γ regions. Polyclonal gammopathies are associated with chronic antigenic stimula‐
tion that occurs in chronic infections and other inflammatory conditions [148,150-152]. The
term oligoclonal gammopathy refers to an electrophoretic pattern that is similar to a mono‐
clonal one, but in which the globulin peak is slightly wider than the albumin peak [9,149].
Oligoclonal gammopathy may occasionally occur in animals with chronic inflammation or
infectious disease [9].

Although monoclonal gammopathy is the laboratory landmark of MM, other conditions oc‐
casionally can induce a monoclonal gammopathy in animals, such as chronic inflammation
(leishmaniosis, ehrlichiosis, chronic pioderma, feline infectious peritonitis)
[149-150,153-155], amyloidosis [156-157], B-cell lymphoma [149], Waldenströms macroglo‐
bulinemia [158-159] and monoclonal gammopathy of undefined significance (MGUS) [160].
The inclusion criterion for MGUS are M-protein and <10% bone marrow plasmacytosis, with
no evidence of lytic lesions, light chain proteinuria or other clinical, hematologic, and bio‐
chemical abnormalities [161-162]. MGUS occurs in 1-2% of people over the age of 50 and 3%
of people over the age of 70 [162]. A significant proportion (25%) of these will evolve within
20 years into MM, primary amyloidosis, macroglobulinemia or another lymphoproliferative
disease [162].

In dogs affected by MM, the incidence of IgA and IgG is comparable, whereas in cats and
horses IgG is most commonly involved [1,3-4,27]. In fact, of the 25 published feline MM with
immunoelectrophoresis results, 20 had IgG gammopathies, and 5 had IgA gammopathies
[2,13-14,85]. Similarly, there are some reports of IgA gammopathies in horses with MM [3,8].

Biclonal gammopathy, with two M-components has been reported in humans [163-165],
even though it was found to be very rare, occurring in about 1% of human beings with MM
[166]. Biclonal gammopathies have been described in lymphoproliferative disorders in dogs
and cats [2,9,19,23,167-168] including MM. The term biclonal is applied to the electrophoret‐
ic pattern and does not always correlate with true biclonal expansion because the biclonal
electrophoretic may arise from a single clone of B-cells, usually mature plasma cells that
produce one type of immunoglobulin with different dimerization patterns [9]. The biclonal
pattern may also occur from production of two different classes of immunoglobulins, usual‐
ly IgG and IgA, by two separate cell clones [23]. However, production of separate heavy
chain isotypes by a single clone of neoplastic cells, may result from isotype switching, which
occurs normally during B-cell maturation [9].

The prevalence of biclonal gammopathy in companion animals is unknown, but it could be
higher than reported. In many clinical veterinary laboratories, serum protein electrophoresis
is performed using cellulose acetate as the support medium. However, better separation of
protein fractions may be obtained using agar cell electrophoresis or capillary zone electro‐
phoresis. Facchini et al. [9] reported two cases (dog and cat) with gammopathies associated
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trast, a polyclonal gammopathy is characterized by a broader peak or multiple peaks in the
γ- or β-γ regions. Polyclonal gammopathies are associated with chronic antigenic stimula‐
tion that occurs in chronic infections and other inflammatory conditions [148,150-152]. The
term oligoclonal gammopathy refers to an electrophoretic pattern that is similar to a mono‐
clonal one, but in which the globulin peak is slightly wider than the albumin peak [9,149].
Oligoclonal gammopathy may occasionally occur in animals with chronic inflammation or
infectious disease [9].

Although monoclonal gammopathy is the laboratory landmark of MM, other conditions oc‐
casionally can induce a monoclonal gammopathy in animals, such as chronic inflammation
(leishmaniosis, ehrlichiosis, chronic pioderma, feline infectious peritonitis)
[149-150,153-155], amyloidosis [156-157], B-cell lymphoma [149], Waldenströms macroglo‐
bulinemia [158-159] and monoclonal gammopathy of undefined significance (MGUS) [160].
The inclusion criterion for MGUS are M-protein and <10% bone marrow plasmacytosis, with
no evidence of lytic lesions, light chain proteinuria or other clinical, hematologic, and bio‐
chemical abnormalities [161-162]. MGUS occurs in 1-2% of people over the age of 50 and 3%
of people over the age of 70 [162]. A significant proportion (25%) of these will evolve within
20 years into MM, primary amyloidosis, macroglobulinemia or another lymphoproliferative
disease [162].

In dogs affected by MM, the incidence of IgA and IgG is comparable, whereas in cats and
horses IgG is most commonly involved [1,3-4,27]. In fact, of the 25 published feline MM with
immunoelectrophoresis results, 20 had IgG gammopathies, and 5 had IgA gammopathies
[2,13-14,85]. Similarly, there are some reports of IgA gammopathies in horses with MM [3,8].

Biclonal gammopathy, with two M-components has been reported in humans [163-165],
even though it was found to be very rare, occurring in about 1% of human beings with MM
[166]. Biclonal gammopathies have been described in lymphoproliferative disorders in dogs
and cats [2,9,19,23,167-168] including MM. The term biclonal is applied to the electrophoret‐
ic pattern and does not always correlate with true biclonal expansion because the biclonal
electrophoretic may arise from a single clone of B-cells, usually mature plasma cells that
produce one type of immunoglobulin with different dimerization patterns [9]. The biclonal
pattern may also occur from production of two different classes of immunoglobulins, usual‐
ly IgG and IgA, by two separate cell clones [23]. However, production of separate heavy
chain isotypes by a single clone of neoplastic cells, may result from isotype switching, which
occurs normally during B-cell maturation [9].

The prevalence of biclonal gammopathy in companion animals is unknown, but it could be
higher than reported. In many clinical veterinary laboratories, serum protein electrophoresis
is performed using cellulose acetate as the support medium. However, better separation of
protein fractions may be obtained using agar cell electrophoresis or capillary zone electro‐
phoresis. Facchini et al. [9] reported two cases (dog and cat) with gammopathies associated
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with MM that were interpreted as oligoclonal by standard cellulose acetate electrophoresis
but were determined to be biclonal con capillary zone electrophoresis.

MMs in veterinary patients lacking hyperglobulinemia have also been described [10]. The
authors propose that the lack of hyperglobulinemia resulted from either M-protein associat‐
ed secondary hypogammaglobulinemia or the IgA nature of the M protein. Secondary hypo‐
gammaglobulinemia with an immunosuppressive phenomenon associated with MM is
reported to occur in about 10% of human MM patients, and in a report, is most commonly
seen in secretory immunoglobulin A- MM [169-172]. The mechanism underlying MM-asso‐
ciated hypogammaglobulinemia is unclear, but recent work suggest that appropriate B-cell
maturation and immunoglobulin production are impaired by defects in CD4+, CD45R+, na‐
ïve T cells and increases in CD8+, CD11b1+ memory T cells [173-174]. The depression of nor‐
mal immunoglobulin production associated with exuberant M protein production has been
described anecdotally, but not specifically described in dogs with MM [64]. Seelig et al. [10]
supported their hypothesis in the immunoglobulin quantification data, which indicate mas‐
sive production of the immunoglobulin A M-protein and mild to moderate decreases in im‐
munoglobulins G and M in a dog.

Cryoglobulinemia has also been described in human patients with MM [175-176]. Cryoglo‐
bulins are proteins, usually immunoglobulins that precipitate as serum is cooled to tempera‐
ture less than body temperature and dissolve upon rewarming. They are most commonly
evident as a white gelatinous material but may sometimes appear crystalline or flocculent
[177] Cryoglobulinemia is rare in animals and are limited descriptions in dogs with MM
[114,178], in a dog with Waldenström’s macroglobulenia [179], in a cat [28], in a horse with
lymphoma [180], and in several horses with glomerulonephritis [181-182]. In human pa‐
tients, cryoglobulins are classified into 3 groups on the basis of their immunoglobulin com‐
position. In type-1 cryoglobulinemia a single monoclonal immunoglobulin, usually IgM is
present. This is most commonly associated with lymphoproliferative disorders such as MM,
Waldenström’s macroglobulinemia, lymphoma, and lymphocytic leukemia, but occasionally
can develop in conjunction with immune-mediated diseases [177]. In type II cryoglobuline‐
mia, a monoclonal immunoglobulin, usually IgM complexes with polyclonal IgG, whereas
in type III cryoglobulinemia, polyclonal immunoglobulins, usually immunoglobulin M com‐
plex with polyclonal immunoglobulin G. Type II and III cryoglobulinemia and may develop
secondary to infection, immune-mediated diseases or very rarely, lymphoproliferative dis‐
ease. In some instances, an underlying disease is not found and the cryoglobulinemia is de‐
scribed as essential. Using this classification system, type-I and mixed cryoglobulinemia in
dogs, horses and cats have been described. Two dogs with MM had type-I immunoglobulin
A cryoglobulinemia [114,178] and the dog with Waldenström’s macroglobulinemia had
type-I immunoglobulin M cryoglobulinemia [179]. Another dog had an essential mixed im‐
munoglobulin G-M cryoglobulinemia and cryofibrinogenemia [183], and although a thor‐
ough investigation for the underlying disease was not performed, the diagnosis was
supported by resolution and lack of recurrence of clinical signs when the dog was main‐
tained in a warm environment [183]. A cat had type I immunoglobulin G cryoglobulinemia
in association with MM [28].
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The typical clinical signs of cryoglobulinemia are purpura, cold intolerance, acrocyanosis
and ulceration, necrosis and gangrene of the skin of the distal extremities [184]. However of
the cases of cryoglobulinemia reported in the veterinary literature, only 1 dog [183] and 2
horses [180,182] had typical lesions. Necrosis of the pinnae occurred in the dog [183] and in
1 of the horses [180] and distal limb swelling and ulceration in other horse [182]. Similarly,
<50% of human patients with cryoglobulinemia have typical clinical signs even in cold con‐
ditions [184]. The lesions develop as a result of precipitation of cryoglobulin in small-diame‐
ter blood vessels, which causes vascular occlusion and tissue ischemia. Subsequently,
inflammation may develop at the site of precipitation secondary to complement fixation by
immunoglobulin G [185]. Despite extensive investigation, the physical and chemical charac‐
teristics accounting for the temperature-dependent solubility of cryoglobulins have not been
determined. Proposed mechanisms include altered amino acid or carbohydrate content of
the cryoglobin, leading to abnormal interactions between water and the protein [185].

5.2.2. Serum urea and creatinine concentrations

Azotemia is present in half of MM human patients when first evaluated [78-79]. Similarly,
many animals with MM show azotemia when presented [1,4,10,24,27,29], whereas there are
other cases with serum urea and creatinine concentrations within the reference limits
[3,6,22]. Probably these differences depend on the existence of renal kidney and on the de‐
gree of hydration.

5.2.3. Serum total and ionized calcium concentrations

Hypercalcemia has been reported in approximately 15-20% of dogs and 20-25% of cats af‐
fected by MM [4,29,65]. Similarly, hypercalcemia seems to be common in horses with MM
[1,3,8], although there is a report of hypocalcemia in one horse with MM [18].

Hypercalcemia is a complication of uncontrolled osteolysis, influenced in part by osteoclast
activation factor and in human patients has been associated with extensive osteolytic disease
[86]. However, MM-associated hypercalcemia is not reported as frequently as bone lysis
[4,27,35,64], perhaps because disease progression is usually slow, allowing for appropriate
metabolic controls. Other mechanisms of hypercalcemia are the release of an osteoclast acti‐
vating factor by either the bone marrow microenvironment or by neoplastic cells located in
bone [186-190]. In humans, interleukin-1, interleukin-6, tumor necrosis factor and the recep‐
tor activator of the nuclear factor kappa B ligand (RANKL) all modulated osteoclast activity
and may contribute to hypercalcemia [191]. Paratyroid hormone related peptide (PTH-rP)
also may contribute to the pathogenesis of MM-related hypercalcemia. It seems that essen‐
tially every cell of the body makes PTHrP under normal conditions [192-193]. It has a broad
range of physiological functions, including stimulation of bone resorption, vasorelaxation,
and cell proliferation, regulation of placental calcium transport, organogenesis, parturition,
lactation, and vascular smooth muscle proliferation and development of the skeletal system
[193]. Despite its wide distribution of the body, PTHrP is normally present in minute
amounts in the circulation [193-194] and high serum PTHrP concentrations have been found
in conjunction only with pathologic conditions, principally malignancy [194-195]. PTHrP
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may be synthesized by normal cells activated by the presence of a malignancy or by neo‐
plastic cells. There is a report of a horse with MM and high concentrations of PTHrP [8]).
High levels of PTHrP have been also described in other neoplasms, such as thymoma [196],
nasal carcinoma [197], squamous cell carcinomas [198], angiomyxoma [199], mammary car‐
cinoma [200], lymphoma [201-203] adenocarcinoma of the apocrine gland of the anal sac
[203] and malignant melanoma [204].

The measurement of ionized calcium is recommended to confirm hypercalcemia in these pa‐
tients, because binding of calcium by the M protein will increase total calcium concentration,
while ionized calcium will remain within normal limits [205]. Therefore, increased ionized
calcium concentrations supports true hypercalcemia. There is a recent report that present a
case of MM in a dog with increased total serum calcium concentration, but with serum ion‐
ized calcium concentrations within normal limits [25]. The authors suggested that the major‐
ity of the calcium was protein-bound to serum M proteins. In fact, serum calcium exists in
two major fractions, free and protein bound. A small portion of calcium is bound to other
small anions such as citrate, lactate, and phosphate. Because ionized calcium is the physio‐
logically active species of blood calcium, it is ordinarily maintained within very narrow lim‐
its by rigidly controlled mechanisms [205-206]. Approximately half of normal total serum
calcium is bound to negatively charged sites on albumin. Human MM has been reported to
bind calcium on the Fab portion of the globulin molecules [148].

MM is frequently complicated by an increase in the concentration of ionized calcium, which
if persistent leads to secondary nephrogenic diabetes insipidus and loss of the renal medul‐
lary concentration gradient causing polyuria and polydipsia [25].

5.2.4. Alterations in the coagulation profile

Approximately 50% of dogs affected by MM have abnormal prothrombin and partial throm‐
boplastin times [149,207] and these abnormalities have also been found in horses [6,18,37,86]
and cats [4,29]. However, other animals with MM had normal bleeding times [3,22].

Coagulation defects can result from paraproteins interference with clotting factors, protein
coating of platelets leading to thrombocytopenia and binding of the Fab fragment of the M-
protein to fibrin, preventing aggregation [116,208].

5.2.5. Alterations in serum sodium concentrations

Three horses with MM were hyponatremia [1]. The decreased concentrations could have re‐
sulted from displacement of the aqueous phase of plasma by the hyperglobulinemia. How‐
ever, true hyponatremia in human beings with MM has been described. Suggested
mechanism include displacement of sodium by cationic paraproteins, decreased plasma wa‐
ter secondary to unusual hydration characteristics of paraproteins, and syndrome of inap‐
propriate antidiuretic hormone release [209-210]. Alterations in serum sodium
concentrations do not appear to be common in small animals.
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5.2.6. Alterations in serum cholesterol concentrations

Hypocholesterolemia has been noted in approximately 69% of affected cats in one study [4].
Similarly, hypocholesterolemia was found in a horse with MM [1]. The incidence in cats is
higher than in human patients [211-212]. Serum cholesterol concentrations are thought to be
correlated inversely with globulin concentrations [35,211]. It has been postulated that the
hypocholesterolemia is the result of a down-regulation of cholesterol production by the liver
to maintain oncotic pressure in the face of hyperglobulinemia [78]). The main causes of hy‐
pocholesterolemia in veterinary medicine include protein-losing enteropathies, severe mal‐
nutrition, hepatic insufficiency or hyperthyroidism [213-215].

5.3. Urinalysis

Proteinuria, detected by routine urinalysis is present in 90%of human patients with MM
[216-221]. In the same way, proteinuria using dipsticks has been found in horses [1,3,6],
dogs [10,22] and cats [4,28,30,32] with MM. However, dipsticks detect primarily albuminu‐
ria and therefore, the sulfosalicylic acid test (SSA) provides greater sensitivity for globulin
detection but specificity is low due to the concomitant detection of albumin, globulin, Bence
Jones proteins, proteases and polypeptides. False positive SSA results may occur with peni‐
cillin and its derivatives, tolbutamide or sulfisoxazole metabolites, or certain contrast media
in the urine [222]. In people, false positive results for Bence Jones proteins detected by
means of heat precipitation can occur due to excessive amount of polyclonal light chain pro‐
teins in patients affected by a variety of conditions, including connective tissue diseases,
non-plasmacytic tumors and chronic renal failure [4,216,222]. Therefore, urine protein elec‐
trophoresis remains the preferred diagnostic modality to detect monoclonal proteinuria,
even is not always used in veterinary medicine.

Bence Jones proteinuria has been estimated to occur in approximately 25-40% of dogs an ap‐
proximately 65% of cats with MM [4,27,29]. Similarly, it has been determined in horses with
MM [1,3].

5.4. Diagnostic ancillary aids

Survey radiographies and echographies are required for screening of skeletal lesions and
identification of abdominal organ neoplasia respectively. Furthermore, a funduscopic ex‐
amination should be carried out in patients suspicious of MM, mainly in small animals, in
order to rule out ocular lesions associated with the HVS, such as retinal hemorrhages, retinal
detachment, venous tortuosity, dilation, sacculation, and blindness.

As explained before, skeletal lesions vary from areas of osteopenias observed in early stages
of the disease to lytic lesions typical of later stages. Biopsy and histopathology of a lytic le‐
sion may sometimes be necessary for a definitive diagnosis. Survey radiographies are com‐
monly performed now in small animals with MM, because increased clinician awareness of
the lesions, better quality radiographs and increased knowledge about the disease. In horses
with MM, survey radiographies are less used, probably because of the higher incidence of
skeletal lesions of other origin (sport horses). Lung radiography is recommended in equine
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amination should be carried out in patients suspicious of MM, mainly in small animals, in
order to rule out ocular lesions associated with the HVS, such as retinal hemorrhages, retinal
detachment, venous tortuosity, dilation, sacculation, and blindness.

As explained before, skeletal lesions vary from areas of osteopenias observed in early stages
of the disease to lytic lesions typical of later stages. Biopsy and histopathology of a lytic le‐
sion may sometimes be necessary for a definitive diagnosis. Survey radiographies are com‐
monly performed now in small animals with MM, because increased clinician awareness of
the lesions, better quality radiographs and increased knowledge about the disease. In horses
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patients with MM in order to rule out pneumonia, one common finding in these cases [3,18].
In addition, hepatomegaly (58%), splenomegaly (25%), cardiomegaly (67%) and renomegaly
(9%) have been detected in cats with MM [4,29].

The most common ultrasonographic abnormalities involved the spleen and the liver and to
a lesser extent the kidneys [4]. In cats, the most consistent finding in MM is splenic enlarge‐
ment and diffuse or nodular hypoechogenicity. The most consistent hepatic abnormality is
diffuse hyperechogenicity and enlargement [4]. Bone marrow cytology should be done to
confirm the diagnosis. A detailed description of the histopathological characteristics in bone
marrow and in other organs after necropsy, consistent with MM is out of the scope of the
present review.

5.5. Diagnostic criteria

Current published recommendations for determining a diagnosis in veterinary medicine in‐
dicate that the animal should have at least 2 of the following 4 criteria: 1) Bone marrow plas‐
macytosis with >20% plasma cells; 2) Monoclonal gammopathy based on serum protein
electrophoresis; 3) Osteolysis and 4) Light chain (Bence-Jones) proteinuria (2). These criteria
are unweighted for animal patients. In human patients, criteria are weighted as ‘major’ and
‘minor’ and accommodate lower plasma cell percentages (17). In people, confirmation of
MM requires first that the patient be symptomatic (i.e. have bone pain) or have anemia, hy‐
percalcemia, azotemia, hypoalbuminemia, or bone demineralization. The diagnostic criteria
of MM are then applied. Major criteria include: 1) plasmacytoma(s) with biopsy; 2) marrow
plasmatocytosis >30%; 3) M-protein with >3.5 g/dl immunoglobulin G or 2.0 g/dl immuno‐
globulin A and 4) κ or λ chain excretion on 24-h urine protein electrophoresis. The 4 minor
criteria include: a) marrow plasmacytosis with 10-30% plasma cells; b) M-protein at values
less than indicated above; c) lytic bone lesions and d) >50% normal serum immunoglobulin
concentration. If the diagnosis includes major criteria, then any 2 of the 4 will suffice, or ma‐
jor criterion 1 plus minor criterion b, c, or d; or major criterion 3 plus minor criterion a or c.
If the diagnosis is based on only minor criteria, then it must include the first and second cri‐
teria (a and b), plus 1 of the remaining 2 criteria (c or d). This system has been recently incor‐
porated for the diagnosis in animals [4,10,24,31-32]. However, some modifications have been
introduced. Plasma cell atypia has been included as a criterion when marrow plasmacytosis
was between 10 and 20%. In humans, nuclear-cytoplasmic maturation asynchrony, nuclear
immaturity, and pleomorphism are considered reliable markers for distinguishing neoplas‐
tic cells from reactive plasma cells [223]. In addition, reactive plasma cells usually do not ex‐
ceed 5% of all nucleated cells in marrow and are well differentiated [223-224].

6. Treatment options in veterinary patients with mm

Treatment of MM with oral melphalan and glucocorticoids (prednisone or prednisolone) is
the standard of therapy due to its dual ability to reduce the bulk of the tumor and the symp‐
toms of the decrease [16,22-25,31-33,225]. Although complete eradication is only rarely ach‐
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ieved, chemotherapy is often effective in decreasing tumor burden, reducing serum
immunoglobulin levels, promoting bone remodeling and providing symptomatic relief. Fur‐
ther, this treatment leads to improved quality and possible duration of life [27,225] and is
also used in human patients with MM [226-230].

Melphalan is an alkylating agent whose oral absorption is unpredictable, requiring adminis‐
tration to be made preferable on the empty stomach. In dogs, melphalan is initially adminis‐
tered at 0.1 mg/kg PO once a day for 10 days and then 0.05 mg/kg PO every other day. In
cats, they are administered at 0.5-2.0 mg/kg PO once a day. Melphalan is combined with
glucocorticoids, prednisone [22,24-25,42] or less common, prednisolone [25,30-31]. Glucocor‐
ticoids have been shown to induce apoptosis in vitro via inhibition of Iκβ activation and de‐
creased nuclear factor κB activity [231-232]. Prednisone in dogs with MM is generally
administered at 1.0 mg/kg for the first 10 days of therapy and then, decreased to 0.5 mg/kg
every other day [22,24-25,32,225]. This combination treatment is continued indefinitely, until
relapse or myelosuppression.

Other alkylating drugs including cyclophosphamide, chlorambucil and 1(2-chloroethyl)-3-
cyclohexyl-1-nitrosourea (CCNU) have also been used to treat MM in small animals [10,233].
The addition of cyclophosphamide to a prednisone- melphalan regimen may be beneficial to
patients with severe clinical signs and/or hypercalcemia. Due to its platelet-sparing effect,
cyclophosphamide may be used in place of melphalan in thrombocytopenic patients, al‐
though this drug can have severe suppressive effects on other bone marrow lineages
[234-237]. Chorambucil, administered at 0.2 mg/kg PO once daily has been used successful
for the treatment of immunoglobulin M macroglobulinemia in dogs [159].

Combination chemotherapy protocols incorporating vincristine, carmustine, melphalan, cy‐
clophosphamide and prednisone or vincristine, melphalan, cyclophosphamide and predni‐
sone have been used in human beings, but outcomes are essentially comparable to those of
patients with melphalan and prednisone alone [238-241]. The administration of high dose
dexamethasone in conjunction with vincristine and doxorubicin was investigated in humans
with refractory MM and resulted in a response greater than 50%. Rapid tumor response, al‐
leviation of bone pain, resolution of hypercalcemia and absence of damage to bone marrow
stem cells were remarkable advantages to this treatment combination [239]. Anecdotally, in
dogs, responses of a few months duration have been achieved with a combination of doxor‐
ubicin, vincristine and prednisone in lymphoma [242-243] and in MM [10].

The efficacy of inteferon for the treatment of MM is controversial [244-245]. While a re‐
sponse rate of approximately 20% was reported in humans with relapsed MM, the addition
of interferon to standard chemotherapy approaches failed to provide a significant benefit to
the overall survival time in a meta-analysis of 2286 patients [244]. However, there is other
report that stated that even though most interferon benefits to MM patients are relatively
small when viewed in the light of survival expectancies, they seem clinically relevant. Since
median overall survival of conventionally treated MM patients ranges between 30 and 50
months, 3-7 months gains of life amount to a increase of 10-25% [244].
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of interferon to standard chemotherapy approaches failed to provide a significant benefit to
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High-dose chemotherapy in association with autologous transplantations using bone mar‐
row or blood-derived stem cells is now widely accepted for the treatment of hematological
malignancies including MM. This approach yielded to complete remissions in refractory hu‐
man patients, but mortality rate due to bone marrow suppression was high. Contamination
of most bone marrow and blood stem cell samples with neoplastic cells within the auto‐
graph resulted in recurrence of disease, emphasizing the need of optimize purging techni‐
ques [246-250]. Autologous bone marrow transplant has also been added to chemotherapy
in the treatment of some malignancies in companion animals, such as lymphoma and acute
myeloid leukemia [251-253].

In human patients with MM, biphosphonates such as pamidronate, have been used to pre‐
vent or to delay the onset of bone lesions and associated bone pain [254-257]. Bisphospho‐
nates have been administered in dogs with appendicular osteosarcoma [258-259] and with
malignant histiocytosis [260], but they have not been used in veterinary patients with MM.

Treatment of patients affected by indolent MM with the anti-angiogenic agent thalidomide
resulted in a 66% response rate and the drug appeared to have potential to delay the onset
of clinical signs associated with the disease [261-262]. The efficacy of thalidomide for the
treatment of refractory relapsed MM has also been confirmed [263-265]. Studies evaluating
the possible efficacy of thalidomide for the treatment of MM in companion animals are lack‐
ing. Bortezomib, a proteasome inhibitor, induces apoptosis of MM cells and inhibits their
binding to bone marrow stromal cells, which otherwise would trigger the transcription of
interleukin-6 via an NFκB-dependent pathway. In different studies a 25% response rate was
achieved in human beings with MM and an overall survival time of 16 months. Further‐
more, addition of dexamethasone to the treatment regimen improved responses in 19% of
treated patients [227-228,264,266].

Additional, some patients experience severe clinical signs secondary to hypercalcemia, renal
dysfunction, HVS or pathologic fractures will require palliative therapy specifically directed
to the clinical complications of the disease.

7. Prognosis of companion animals with multiple myeloma

Unfortunately, the prognosis of companion animals with MM is poor. The mean survival
time in dogs treated with MM and treated with melphalan, cyclophosphamide and predni‐
sone is 540 days after diagnosis [27]. In dogs, negative prognostic factors include extensive
bone lesions, hypercalcemia and light chain proteinuria. Renal insufficiency and poor initial
response to therapy also may be associated with decreased survival times [27]. In a study of
9 cats with MM, it was found that hypercalcemia, pathologic fractures, anemia, Bence-Jones
proteinuria, azotemia, persistent elevations in serum protein concentrations at 8 weeks after
treatment and little or no clinical improvement were poor prognostic indicators and reflect‐
ed a more aggressive form of the disease [29]. Survival time for such cats did not exceed 14
days, with a median of 5 days. In contrast, normocalcemia, lack of azotemia, absence of
pathologic fractures, no anemia, absence of Bence-Jones proteinuria and a normal serum
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protein 8 weeks after commencement of treatment reflected a less aggressive form with a
median survival of 387 days (range between 120 and 720 days) [29].

In a study, a possible relationship between prognosis and immunoglobulin isotype was sug‐
gested in cats with MM [2], even though there are few detailed cases. Although immunoglo‐
bulin A appears to be less commonly produced than immunoglobulin G in cats, as described
before, the published cases with immunoglobulin A paraproteins had visceral involvement
and decreased survival time (ranging from a few days to 6 months) [12,65,267-268]. Either
immunoglobulin has been associated with clinical signs of HVS, including cardiac insuffi‐
ciency, retinal hemorrhages and neurological signs [85,268]. This phenomenon relates to the
size of the paraproteins and the degree of hyperglobulinemia. Since immunoglobulin A may
assume a dimeric or multimeric form, it may be more commonly associated with hypervis‐
cosity than immunoglobulin G. HVS can contribute to decreased survival time in animals
with MM [13,23,54,85].

The lifespan of horses diagnosed of MM usually does not exceed two years [1,3,6,8]. There is
not any published case of equine MM that attempted chemotherapy and most horses are eu‐
thanized owing to the advance stage of the disease.
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High-dose chemotherapy in association with autologous transplantations using bone mar‐
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resulted in a 66% response rate and the drug appeared to have potential to delay the onset
of clinical signs associated with the disease [261-262]. The efficacy of thalidomide for the
treatment of refractory relapsed MM has also been confirmed [263-265]. Studies evaluating
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7. Prognosis of companion animals with multiple myeloma
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protein 8 weeks after commencement of treatment reflected a less aggressive form with a
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bulin A appears to be less commonly produced than immunoglobulin G in cats, as described
before, the published cases with immunoglobulin A paraproteins had visceral involvement
and decreased survival time (ranging from a few days to 6 months) [12,65,267-268]. Either
immunoglobulin has been associated with clinical signs of HVS, including cardiac insuffi‐
ciency, retinal hemorrhages and neurological signs [85,268]. This phenomenon relates to the
size of the paraproteins and the degree of hyperglobulinemia. Since immunoglobulin A may
assume a dimeric or multimeric form, it may be more commonly associated with hypervis‐
cosity than immunoglobulin G. HVS can contribute to decreased survival time in animals
with MM [13,23,54,85].

The lifespan of horses diagnosed of MM usually does not exceed two years [1,3,6,8]. There is
not any published case of equine MM that attempted chemotherapy and most horses are eu‐
thanized owing to the advance stage of the disease.
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