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Preface

The management of multiple myeloma (MM) has evolved tremendously over the 
last decade, from being an orphan disease with limited treatment options to a dis-
ease that can be chronically managed for most patients. The knowledge of the 
heterogenous disease biology and development of novel drug classes (immuno-
modulatory drugs, proteasome inhibitors, etc.) that target this disease have resulted 
in more than doubling the overall survival for MM patients. There is a recognition 
that MM has several different molecular/clinical phenotypes and that several 
genomic subclones exist in any given patient—clearly, MM is not a one-pathway 
disease. Given such variability, a cookie-cutter approach may not be applicable to 
MM, and many factors influence treatment strategies for a given patient. Several 
long-standing paradigms are being shifted, and such changes are coming at a rapid 
pace.

We know that monoclonal gammopathy of undetermined significance (MGUS) 
gives rise to smoldering and active MM yet had previously been unable to identify 
the subset that is at the highest risk of progression to active disease. By utilizing 
clinical variables, flow cytometry, novel imaging techniques, and genomic tools, 
there are models that can help identify this “high-risk” group. Clinical trials are now 
evaluating the role of early therapeutic intervention in this group. For newly diag-
nosed MM, better prognostication models are being developed that include biologic 
data. Novel agent regimens are starting to look beyond the proteasome inhibitor/
immunomodulatory drug induction regimens, incorporating new mechanisms of 
action and strategies. Autologous stem cell transplants remain an important part of 
early therapy, but investigations are under way to examine the timing of this modal-
ity. Gone are the days when fixed duration (as is the case of solid tumors) was the 
norm in MM, as maintenance therapy has shown to improve survival outcomes and 
has become a standard of care. Several three-drug regimens have shown to be more 
effective than two-drug regimens for both newly diagnosed and relapsed MM 
patients in large phase III trials, thus laying rest to the debate and confirming what 
we would have intuitively guessed based on MM biologic heterogeneity. MM is 
becoming a chronically managed disease where supportive care measures, pain 
management, and bone health management become an integral part of improving 
patients’ quality of life. Yet, there remain many research questions that remain 
unanswered, and the task of curing this cancer is not accomplished.
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In this book, we have attempted to provide an assimilation of the most current 
data in advising the clinicians on the practical management of MM patients written 
by the foremost authorities in the field.

Charlotte, NC Saad Z. Usmani 
Atlanta, GA  Ajay K. Nooka

Preface
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1Risk Stratification in Newly Diagnosed 
Smoldering Multiple Myeloma

María-Victoria Mateos and Jesús San-Miguel

1.1  Introduction

Smoldering multiple myeloma (SMM) is an asymptomatic plasma cell disorder 
defined in 1980 by Kyle and Greipp on the basis of a series of six patients who met 
the criteria for multiple myeloma (MM) but whose disease did not have an aggres-
sive course [1].

At the end of 2014, the International Myeloma Working Group (IMWG) updated 
the definition, and SMM defined as a plasma cell disorder is now characterized by 
the presence of ≥3 g/dL serum M-protein and/or 10–60% bone marrow plasma cells 
(BMPCs), but with no evidence of myeloma-related symptomatology (hypercalce-
mia, renal insufficiency, anemia, or bone lesions (CRAB)) or any other myeloma- 
defining event (MDE) [2]. According to these recent update criteria, the definition 
of SMM excludes asymptomatic patients with BMPCs of 60% or more, serum free 
light chain (FLC) levels of ≥100, and those with two or more focal lesions in the 
skeleton as revealed by magnetic resonance imaging (MRI).

Kristinsson et al., based on the Swedish Myeloma Registry, has recently reported 
that 14% of patients diagnosed with myeloma had SMM, and, accordingly, the age- 
standardized incidence of SMM would be 0.44 cases per 100,000 people [3].

mailto:mvmateos@usal.es
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1.2  Differential Diagnosis with Other Entities

SMM must be distinguished from other plasma cell disorders, such as monoclonal 
gammopathy of undetermined significance (MGUS) and symptomatic MM 
(Table 1.1). The MGUS entity is characterized by a level of serum M-protein of 
<3 g/dL plus <10% plasma cell infiltration in the bone marrow, with no CRAB and 
no MDE. Symptomatic MM must always have CRAB symptomatology or MDE, in 
conjunction with ≥10% clonal BMPC infiltration or biopsy-proven bony or extra-
medullary plasmacytoma [2].

End-organ damage often needs to be correctly evaluated to distinguish myeloma- 
related symptomatology from some signs or symptoms that could otherwise be 
attributed to comorbidities or concomitant diseases [4].

Due to the updated IMWG criteria for the diagnosis of MM, there are some spe-
cific assessments to which physicians have to pay attention in order to make a cor-
rect diagnosis of SMM [2].

 1. For evaluation of bone disease, the IMWG recommends to perform in all patients 
with suspected SMM one of the following procedures: skeletal survey, 
18F- fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed 
tomography (CT), or low-dose whole-body CT be carried out, with the exact 
modality determined by availability and resources. The aim is to exclude the 
presence of osteolytic bone lesions, currently defined by the presence of at least 
one lesion (≥5 mm) revealed by X-ray, CT, or PET-CT. In addition, whole-body 
MRI of the spine and pelvis is a mandatory component of the initial workup. It 
provides detailed information about not only bone marrow involvement but 
also  the presence of focal lesions that predict more rapid progression to 

Table 1.1 Differential diagnosis of MGUS, SMM, and symptomatic MM

Feature MGUS SMM MM
Serum M-protein <3 g/dL and ≥3 g/dL and/or
Clonal BMPC 
infiltration

<10% 10–60% ≥10% or biopsy-proven 
plasmacytoma

Symptomatology Absence of CRABa Absence of MDEb or 
amyloidosis

Presence of MDEb

aCRAB includes (1) hypercalcemia, serum calcium >0.25 mmol/L (>1 mg/dL) higher than the 
upper limit of normal or >2.75 mmol/L (>11 mg/dL); (2) renal insufficiency, serum creatinine 
>177 μmol/L (2 mg/dL) or creatinine clearance <40 mL/min; (3) anemia, hemoglobin value of 
>2 g/dL below the lower normal limit, or a hemoglobin value <10 g/dL; (4) bone lesions, one or 
more osteolytic lesion revealed by skeletal radiography, CT, or PET-CT
bMDE: Myeloma-defining events include CRAB symptoms (above) or any one or more of the fol-
lowing biomarkers of malignancy—clonal bone marrow plasma cell percentage ≥ 60%; involved/
uninvolved serum free light chain ratio ≥ 100; >1 focal lesions revealed by MRI studies

M.-V. Mateos and J. San-Miguel
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 symptomatic MM. Hillengass et al. reported in 2010 that the presence of more 
than one focal lesion in whole-body MRI was associated with a significantly 
shorter median time to progression (TTP) to active disease (13 months), as com-
pared to patients without focal lesions [5]. Kastritis and colleagues reported 
similar results after the analysis of a subgroup of patients who underwent spinal 
MRI and were followed up for a minimum of 2.5 years. The median TTP to 
symptomatic disease was 14 months when more than one focal lesion was pres-
ent [6]. Therefore, if more than one focal lesion in MRI is present in SMM 
patients, this entity should no longer be considered as SMM but as MM, accord-
ing to the current IMWG criteria. It is important to emphasize that they should 
be unequivocal focal lesions of >5 mm.

 2. With respect to bone marrow infiltration, the Mayo Clinic group evaluated 
BMPC infiltration in a cohort of 651 patients and found that 21 (3.2%) had an 
extreme infiltration (≥ 60%) [7]. This group of patients had a median TTP to 
active disease of 7.7 months, with a 95% risk of progression at 2 years. This find-
ing was subsequently validated in a study of 96 patients with SMM, in whom a 
median TTP of 15  months was reported for the group of patients with this 
extreme infiltration [8]. In a third study, 6 of 121 patients (5%) with SMM were 
found to have ≥60% BMPC, and all progressed to MM within 2  years [9]. 
Therefore, if ≥60% of clonal plasma cell infiltration is present either in bone 
marrow aspirate or biopsy, the diagnosis of SMM should be replaced by 
MM. Additional assessments, for example, by flow cytometry or by identifying 
cytogenetic abnormalities in SMM patients, are not mandatory but can help to 
estimate the risk of progression to active disease.

 3. With respect to the serum free light chain (FLC) assay, Larsen et al. studied 586 
patients with SMM to determine whether there was a threshold FLC ratio that 
predicted 85% of progression risk at 2 years. They found a serum involved/unin-
volved FLC ratio of at least 100 in 15% of patients, and their risk of progression 
to symptomatic disease was 72% [10]. Similar results were obtained in a study 
by Kastritis and colleagues from the Greek Myeloma group. In their study of 96 
SMM patients, 7% had an involved/uninvolved FLC ratio of ≥100 and almost all 
progressed within 18 months [8]. In a third study, the risk of progression within 
2 years was 64% [9]. Therefore, physicians must perform the sFLC assay at the 
moment SMM is first suspected, and, if the involved/uninvolved ratio is ≥100, a 
diagnosis of active MM instead of SMM should be established.

If, after considering the specific assessments mentioned above (Table  1.2), a 
diagnosis of SMM is finally made, the serum and urine M-component, hemoglobin, 
calcium, and creatinine levels should be reevaluated 2–3 months later in order to 
confirm the stability of these parameters. The frequency of the subsequent follow-
 up exams should be adapted on the basis of risk factors for progression to symptom-
atic MM (see below).

1 Risk Stratification in Newly Diagnosed Smoldering Multiple Myeloma
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1.3  Are There Risk Models Predicting the Progression Risk 
to MM?

The annual risk of progression from SMM to symptomatic MM is 10% per year for 
the first 5 years, 5% per year during the following 5 years, and only 1% per year 
after 10 years [11]. Though most patients diagnosed with SMM will progress to 
symptomatic MM and will need to start treatment, SMM is not a uniform disorder.

Several groups have reported possible predictors of progression to symptomatic 
MM, and this information could be useful for physicians and can help to explain to 
patients their risk of progression to active MM (Table 1.3).

1.3.1  Size of Serum M-Protein and the Extent of Marrow 
Involvement

Mayo Clinic group [11] proposed three SMM subgroups according to BMPC infil-
tration and the size of the serum M-protein. Group 1 was characterized by ≥3 g/dL 
of M-protein and ≥10% of plasma cells in bone marrow, with a median TTP to 
symptomatic MM of 2 years. Group 2 featured ≤3 g/dL of M-protein and ≥10% 
BMPC M-protein with a median TTP of 8 years. Group 3 had ≥3 g/dL of M-protein 
but <10% BMPC infiltration, resulting in a median TTP of 19 years.

1.3.2  Serum Free Light Chain Ratio

The Mayo Clinic group also evaluated the previously described patient population 
to identify the risk of progression to symptomatic MM on the basis of a free light 
chain (FLC) assay. A kappa/lambda FLC ratio between 0.125 and 8 was found to be 

Table 1.2 Workup for newly diagnosed SMM patients

•  Medical history and physical examination
•  Hemogram
•  Biochemical studies, including of creatinine and calcium levels; Beta2-microglobulin, 
LDH and albumin
•  Protein studies
  – Total serum protein and serum electrophoresis (serum M-protein)
  – 24-h urine sample protein electrophoresis (urine M-protein)
  – Serum and urine immunofixation
•  Serum free light chain measurement (sFLC ratio)
•   Bone marrow aspirate ± biopsy: infiltration by clonal plasma cells, flow cytometry, and 

fluorescence in situ hybridization analysis
•  Skeletal survey, CT, or PET-CT
•  MRI of thoracic and lumbar spine and pelvis; ideally, whole-body MRI

FLC free light chain, CT computed tomography, PET-CT 18F-fluorodeoxyglucose (FDG) positron 
emission tomography (PET)/CT, MRI magnetic resonance imaging

M.-V. Mateos and J. San-Miguel
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associated with an increase in the risk of progression to symptomatic MM. This 
parameter was added to their previous score, which considered the size of serum 
M-protein and BMPC infiltration, to refine the Mayo risk stratification model. This 
yielded three groups, with a median TTP of 1.9 years for the high-risk group, whose 
members exhibited all three defined risk factors [12].

The Danish Myeloma group did not find in the analysis of his registry any sig-
nificant threshold for the serum free light chain ratio; therefore, they do not support 
the recent IMWG proposal that identifies patients with a FLC ratio above 100 as 
having ultra-high risk of transformation to MM [13].

1.3.3  Immunophenotyping and Immunoparesis

Multiparameter flow cytometry (MFC) to identify the immunophenotypic profile of 
plasma cells in SMM has been evaluated by the Spanish Myeloma group. We 
reported that the presence of an aberrant BMPC phenotype in the vast majority of 
PC (≥95% phenotypically abnormal plasma cells from total PC), determined by 

Table 1.3 Smoldering MM: markers predicting progression to symptomatic MM

Features for identifying high-risk SMM patients: 50% at 2 years
•  Tumor burden
  – ≥10% clonal plasma cell bone marrow infiltration plus
  – ≥3 g/dL of serum M-protein and
  – Serum free light chain ratio between 0.125 and 8
  – Bence Jones proteinuria positive from 24-h urine sample
  – Peripheral blood circulating plasma cells >5 × 106/L
•  Immunophenotyping characterization and immunoparesis
  –  ≥95% of aberrant plasma cells by flow within the plasma cell bone marrow 

compartment plus
  –  immunoparesis (>25% decrease in one or both uninvolved immunoglobulins relative to 

the lowest normal value)
•  Cytogenetic abnormalities
  – Presence of t(4;14)
  – Presence of del17p
  – Gains of 1q24
  – Hyperdiploidy
  – Gene expression profiling risk score > −0.26
•  Pattern of serum M-component evolution
  –  Evolving type: if M-protein ≥3 g/dL, increase of at least 10% within the first 6 months. 

If M-protein <3 g/dL, annual increase of M-protein for 3 years.
  – Increase in the M-protein to ≥3 g/dL over the 3 months since the previous determination
•  Imaging assessments
  –  MRI: radiological progressive disease (MRI-PD) was defined as newly detected focal 

lesions (FLs) or increase in diameter of existing FL and a novel or progressive diffuse 
infiltration

  – Positive PET/CT with no underlying osteolytic lesion

MRI magnetic resonance imaging, PET-CT 18F-fluorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT

1 Risk Stratification in Newly Diagnosed Smoldering Multiple Myeloma
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MFC (defined as the overexpression of CD56 and CD19, CD45 negative, and/or 
decreased reactivity for CD38) was the most important predictor of early progres-
sion from SMM to active MM [14]. The presence of immunoparesis (i.e., a decrease 
in one or two of the uninvolved immunoglobulins to 25% below the lowest normal 
value) also emerged as a significant independent prognostic characteristic. Based on 
these two parameters, the Spanish group proposed a scoring system that stratify 
SMM patients into three categories with a median TTP of 23 months when the two 
risk factors were present, compared with 73 months when only one was present, and 
not reached when neither was present [15].

The Danish Myeloma registry has recently reported that both an M-protein 
≥30 g/L and immunoparesis significantly influenced TTP (HR 2.7 95% CI(1.5;4.7) 
p = 0.001 and HR 3.3 95% CI(1.4;7.8) p = 0.002, respectively) to MM [13].

1.3.4  Peripheral Blood Circulating Plasma Cells

The Mayo Clinic group has also evaluated the role of peripheral blood circulating 
PCs in 171 SMM patients, and in those (15%) who had high levels of circulating 
PCs (>5 × 106/L and/or >5% PCs per 100 cytoplasmic immunoglobulin (Ig)-positive 
mononuclear cells), the progression risk at 2 years was significantly higher than for 
patients with low levels of circulating PC (71% vs. 24%; p = 0.001) [16].

1.3.5  Pattern of Serum M-Component Evolution

The pattern of evolution of the monoclonal component during the course of the 
disease enabled to identify two types of SMM: evolving and non-evolving. Based 
on the analysis of 207 SMM patients, the evolving type was defined by the follow-
ing criteria: (1) if the concentration of M-protein was ≥3  g/dL at baseline, the 
evolving type featured an increase in M-protein of at least 10% within the first 
6 months following diagnosis; (2) if the concentration of M-protein was <3 g/dL at 
baseline, the evolving type featured a progressive increase in M-protein in each 
consecutive annual measurement over a 3-year period [17]. The evolving pattern 
was recognized in 25% of patients, and was associated with a probability of pro-
gression of 45% at 2 years, with a median TTP to active MM of 3 years, compared 
with 19 years for those with the non-evolving type [18]. The SWOG group also 
found that patients with an increase in the M component ≥3 g/dL over the 3 months 
since their previous determination had an associated risk of progression of approx-
imately 50% at 2 years [19].

1.3.6  Bence Jones Proteinuria

One-hundred and forty-seven SMM patients were examined for the presence of Bence 
Jones proteinuria at diagnosis, and its effect on progression to symptomatic disease 

M.-V. Mateos and J. San-Miguel
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was assessed. The study showed that in SMM patients in which the M-protein was 
defined by a complete immunoglobulin, but who were also positive for Bence Jones 
proteinuria, regardless of the amount, the risk of progression to active disease was sig-
nificantly higher than in Bence Jones proteinuria-negative patients (22 vs. 83 months; 
p < 0.001). In addition, when Bence Jones proteinuria in the 24-h urine sample exceeded 
500 mg, the risk was even higher, with a median TTP of 7 months [20].

1.3.7  Novel Imaging Assessments

The novel imaging assessments have contributed to the updated criteria for the defi-
nition of MM and SMM, as has been previously mentioned. However, the new 
imaging assessments can also help to predict progression risk in SMM. The first 
studies with spinal MRI were done in asymptomatic MM patients, and the presence 
of a focal pattern was associated with a shorter TTP as compared to that of a diffuse 
or variegated pattern (median, 6 vs. 16 vs. 22 months). Hillengass et al. have recently 
evaluated the role of MRI during the follow-up of patients with SMM. Radiological 
progressive disease (MRI-PD), which they defined as the detection of new focal 
lesions or the increase in diameter of existing focal lesions, and a novel or progres-
sive diffuse infiltration, was identified as a feature for classifying SMM patients at 
high risk of progression to symptomatic disease [21]. The role of PET/CT has also 
been evaluated in SMM. The Italian group has recently reported that approximately 
10% of SMM patients from a series of 73 patients had a positive result with PET/
CT with no underlying osteolytic lesion, and this predicted for high risk of progres-
sion to symptomatic disease (48% at 2  years compared with 32% for PET/
CT-negative patients; p = 0.007) [22]. The Mayo Clinic group also identified a sub-
group within a series of 132 SMM patients who showed a positive result with PET/
CT in which the rate of progression to MM within 2 years was 56%, as compared to 
28% among PET/CT-negative patients (p = 0.001). The rate of progression was even 
higher among patients on whom PET/CT was performed within 3 months of their 
diagnosis of SMM (74% vs. 27% in PET/CT-negative patients) [23].

1.3.8  Cytogenetic Abnormalities

The Mayo Clinic group analyzed the cytogenetic abnormalities in a series of 351 
SMM patients and identified a high-risk subgroup of patients with t(4;14) and/or 
del(17p) with a significantly shorter median TTP (24 months) as compared to the 
intermediate-, standard-, and low-risk patient subgroups [24]. The high risk of pro-
gression of SMM to MM with t(4;14) may be related to the fact that this abnormal-
ity is associated with markedly high free light chain ratios. However, the mechanism 
by which a high free light chain ratio is associated with higher risk of progression is 
not clear and is only partly related to renal failure from cast nephropathy. Neben 
et al. have identified t(4;14), gain of 1q21, or hyperdiploidy as being independent 
prognostic factors for a shorter TTP. The median TTP for patients with del(17p13) 

1 Risk Stratification in Newly Diagnosed Smoldering Multiple Myeloma
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was 2.7 years (vs. 4.9 years for those without the deletion; p = 0.019), 2.9 years for 
patients with t(4;14) (vs. 5.2 years for those without the deletion; p = 0.021), and 
3.7  years for patients with +1q21 (vs. 5.3  years for those without the deletion; 
p = 0.013). In addition, hyperdiploidy was associated with a significantly shorter 
median TTP of 3.9 years (compared with 5.7 years for non-hyperdiploid patients; 
p = 0.036) [25].

Finally, the Southwest Oncology Group (SWOG) evaluated the gene expression 
profiling 40 (GEP40) model in a group of 105 SMM patients. A gene signature derived 
from four genes, at an optimal binary cut-point of 9.28, identified 14 patients (13%) 
with a 2-year progression risk of 85.7%. Conversely, a low four-gene score (< 9.28) 
combined with baseline monoclonal protein <3 g/dL and albumin ≥3.5 g/dL identi-
fied 61 patients with low-risk SMM with a 5.0% chance of progression at 2 years [26].

In summary, the diagnosis of SMM is associated with a variable risk of progres-
sion to active disease, and the presence of the aforementioned prognostic factors can 
discriminate subgroups of patients with respect to their degree of risk (Table 1.3).

1.4  Stratification and Management of SMM Patients

The first step in clinical practice is to identify the risk of progression to active dis-
ease for each newly diagnosed SMM patient. The key question is which risk model 
is better for evaluating the risk of progression to symptomatic disease for each indi-
vidual SMM patient. Both the Mayo Clinic and Spanish models have been validated 
in a prospective trial. However, new risk models are emerging that incorporate novel 
clinical and biological features [9, 11, 13, 15, 17, 19, 25, 27, 28] (Table 1.4). The 
components of these models are not identical, and each patient’s risk should prob-
ably be defined on the basis of all the available data rather than through the use of a 
restricted model (Table 1.3). These models identified their risk factors as indepen-
dent variables in multivariate analysis, so some of the features evaluated in each risk 
model can overlap but not all of them have to be present in an SMM patient to be 
defined as high risk.

SMM patients should be classified as follows:

 1. Patients at low risk of progression who are characterized by the absence of the 
aforementioned high-risk factors (using the validated Mayo or the Spanish risk 
models), with a probability of progression at 5 years of only 8%. The patients in this 
group behave similarly to MGUS-like patients and should be followed annually.

 2. The second group includes patients at intermediate risk of progression, and they 
only display some of the aforementioned high-risk factors. These are probably 
the true SMM patients. They have a risk of progression at 5 years of 42%, and 
they must be followed up every 6 months (except during the first year that should 
be followed every 3–4 months in order to exclude an SMM evolving form).

M.-V. Mateos and J. San-Miguel
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Table 1.4 Risk models for the stratification of SMM

Risk model Risk of progression to MM

Mayo Clinic Median TTP
  – ≥10% clonal PCBM infiltration 1 risk factor 10 years
  – ≥3 g/dL of serum M-protein 2 risk factors 5 years
  – Serum FLC ratio between <0.125 or >8 3 risk factors 1.9 years
Spanish Myeloma Median TTP
  – ≥95% of aberrant PCs by MFC No risk factor NR
  – Immunoparesis 1 risk factor 6 years

2 risk factors 1.9 years
Heidelberg 3-year TTP
  – Tumor mass using the Mayo model T-mass low + CA low risk 15%
  – t(4;14), del17p, or +1q T-mass low + CA high 

risk
42%

T-mass high + CA low 
risk

64%

T-mass high + CA high 
risk

55%

SWOG 2-year TTP
  – Serum M-protein ≥2 g/dL No risk factor 30%
  – Involved FLC > 25 mg/dL 1 risk factor 29%
  – GEP risk score > −0.26 ≥2 risk factors 71%
Penn 2-year TTP
  – ≥40% clonal PCBM infiltration No risk factor 16%
  – sFLC ratio ≥ 50 1 risk factor 44%
  – Albumin ≤3.5 mg/dL ≥2 risk factors 81%
Japanese 2-year TTP
  – Beta 2-microglobulin ≥2.5 mg/L 2 risk factors 67.5%
  – M-protein increment rate > 1 mg/dL/day
Czech and Heidelberg 2-year TTP
  – Immunoparesis No risk factor 5.3%
  – Serum M-protein ≥2.3 g/dL 1 risk factors 7.5%
  – Involved/uninvolved sFLC >30 2 risk factors 44.8%

3 risk factors 81.3%
Barcelona 2-year TTP
  – Evolving pattern = 2 points 0 points 2.4%
  – Serum M-protein ≥3 g/dL = 1 point 1 point 31%
  – Immunoparesis = 1 point 2 points 52%

3 points 80%
Danish 3-year TTP
  – Serum M-protein ≥3 g/dL No risk factor 5%
  – Immunoparesis 1 risk factor 21%

2 risk factors 50%
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 3. The third group includes high-risk patients classified on the basis of one of the 
risk models mentioned above. Half of them will progress during the 2 years fol-
lowing diagnosis. This group of patients needs a close follow-up every 
2–3 months. As there is not any treatment approved yet for these high-risk SMM 
patients, the best approach should be to refer them to specialized centers in MM 
therapy and to include them in clinical trials to better understand their biology 
and to confirm the survival benefit of early treatment in this cohort [29].

The Spanish Myeloma group (GEM/Pethema) conducted a phase 3 randomized 
trial in 119 SMM patients at high risk of progression to active disease (according to 
the Mayo and/or Spanish criteria) that compared early treatment with lenalidomide 
plus dexamethasone as induction followed by lenalidomide alone as maintenance 
versus observation. The primary end point was TTP to symptomatic MM, and after 
a median follow-up of 40  months, the median TTP was significantly longer in 
patients in the early treatment group than in the observation arm (not reached vs. 
21 months; hazard ratio, HR = 5.59; p < 0.001). Secondary end points included 
response, OS, and safety. The PR or better after induction was 82%, including 14% 
of cases of stringent complete response (sCR) plus CR, and after maintenance the 
sCR/CR rate increased to 26%. The safety profile was acceptable and most of the 
adverse events reported were grade 1 or 2. The OS analysis showed that the 3-year 
survival rate was also higher for the group of patients who received early treatment 
with lenalidomide-based therapy (94% vs. 80%; HR = 3.24; p = 0.03) [30]. This 
study showed for the first time the potential for changing the treatment paradigm for 
high-risk SMM patients based on the efficacy of early treatment in terms of TTP to 
active disease and of OS. Moreover, several trials currently underway are currently 
investigating the role, on high-risk SMM patients, of novel agents such as lenalido-
mide alone, siltuximab (anti-IL6 monoclonal antibody), elotuzumab (anti-SLAMF7 
monoclonal antibody), or lenalidomide-dexamethasone plus elotuzumab. Promising 
efficacy results have been reported for the combination of lenalidomide plus dexa-
methasone with the novel proteasome inhibitor carfilzomib in a series of 12 high- 
risk SMM patients. All patients achieved CR and most were in immunophenotypic 
CR [31]. The next step will be to develop a more intensive therapeutic approach for 
young high-risk SMM patients, similar to the treatment planned for young symp-
tomatic MM patients, for whom “cure” should be the objective.

1.5  Conclusion and Future Directions

The treatment philosophy for MM patients has mainly focused on symptomatic 
patients. This approach is clearly different from those adopted to treat other malig-
nancies, such as breast, colon, or prostate cancer, for which early intervention is not 
only appropriate but also essential for success and cure. This difference in philoso-
phy arose for several reasons: (1) in the past, only a few drugs, most of which were 
alkylating agents, were available to treat MM; (2) the trials conducted in 
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asymptomatic MM patients failed to produce a significant benefit; and (3) the risk 
of progression to active disease in SMM patients is relatively low (10% per year).

However, significant advances are being made in the understanding and manage-
ment of SMM patients. From the biological point of view, different subgroups of 
SMM patients have been identified, including those patients with >60% PC or FLC 
ratio > 100 or two or more focal lesions, that are now considered as active MM 
patients in which treatment should be started before myeloma-related symptoms 
develop.

We will soon have the results from several current trials conducted in high-risk 
SMM patients, which will enable us to offer early treatment for a selected group of 
asymptomatic MM patients with the confidence that some of them will be “cured.” 
The cure-versus-control debate is particularly pertinent in asymptomatic myeloma 
patients. Some physicians argue in favor of controlling the disease through continu-
ous oral therapy mainly based on immunomodulatory agents, while others support 
the intensive therapy approaches, including high-dose therapy and transplant, with 
the objective of eradicating the disease.

Ongoing biological studies will also help us to better understand the pathogene-
sis of the disease and to identify the key drivers of the transition from monoclonal 
gammopathy to smoldering and symptomatic disease. These drivers may represent 
optimal targets for new therapeutic approaches.
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2.1  Introduction

Complex interplay between biology, chromosomal abnormalities, gene expression 
profiles (GEP), and staging affects prognostication of multiple myeloma (MM). 
With novel therapies being developed, it is increasingly important to risk stratify the 
affected population by using available prognostic markers. Risk stratification is not 
unique to MM. Like other hematologic malignancies, the ability to predict outcome 
based on risk group is important when counseling the patient regarding the thera-
peutic outcomes and risk/benefit of treatment. The risk classification schema for 
MM has evolved over the years in parallel with changing treatment landscape and 
diagnostic approaches. Most of the risk factors are derived from data on patients 
treated in the era before novel agents. The traditional prognostic markers continue 
to be relevant and in the modern era these are used to investigate how novel agents 
can influence the patient’s risk. The International Myeloma Working Group (IMWG) 
panel provided its updated recommendations for risk stratification in 2014 [1]. 
According to IMWG, the high-risk patients are distinguished as having a median 
overall survival (OS) of 2 years or less despite best therapies and low-risk patients 
as those who could potentially survive more than 10  years with treatment. 
Autologous stem cell transplant (ASCT) continues to hold its place for all eligible 
patients in an era when patients have multiple regimen options for induction, con-
solidation, and maintenance therapy. Integrating novel prognostic factors and updat-
ing risk classification schema within the context of emerging therapeutic paradigms 
is an area of flux. With increasing treatment choices and improved outcomes, risk 
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stratification assumes more importance as fine-tuned therapeutic plans can be devel-
oped for different risk groups.

2.2  Why Is Risk Stratification Important?

Risk classification is frequently used by physicians for counseling their patients 
regarding life expectancy, disease control, health-related quality of life, and treat-
ment complications while weighing the cost and benefit of different therapeutic 
options. Unlike acute leukemia and Hodgkin lymphoma, MM has little randomized 
data on benefit of altering treatment for high-risk group or for de-escalating treat-
ment for the low-risk group. Nonetheless, risk grouping provides a useful frame-
work for rational selection taking into consideration the cost of drugs, toxicities, and 
efficacies. For high-risk disease, physicians and patients may be more inclined to 
use potent treatments with potentially greater toxicity and expense, whereas for 
low-risk disease, less toxic and more affordable regimens may be preferred even 
with a slight compromise in efficacy. These practices may vary according to the 
divergent viewpoint of cure (choosing a more aggressive approach) vs. control 
(choosing a less aggressive approach with focus on quality of life). Within the realm 
of clinical trials, risk stratification is used to define a class of patients to be included 
or excluded from studies that are designed for a specific risk group. Importantly, 
risk grouping creates a common nomenclature to allow patients, physicians, institu-
tions, government agencies, and cooperative groups to present and/or compare out-
come data in a uniform manner.

2.3  What Markers Determine the Risk?

Several markers reflecting biology, stage, disease burden, host characteristics, and 
response to therapy have been identified (Table  2.1) that predict outcome in 
MM. Most of these biomarkers are prognostic, which means they provide informa-
tion about the outcome at the time of diagnosis or at various times during the recur-
rent disease, independent of therapy. In contrast, we have few predictive markers, 
which can provide information on the likelihood of response to a given therapeutic 
modality. For example, cereblon expression may predict resistance to immunomod-
ulatory drug (IMiD) but by itself is not a prognostic factor [2]. Importantly, prog-
nostic factors define the effects on the patient outcome and are useful in risk 
stratification, whereas predictive factors define the effect of treatment on the tumor.

Studies conducted in the 1960s and early 1970s identified a number of clinical 
and laboratory parameters that were proposed for staging myeloma burden [3, 4]. In 
1975, Durie/Salmon (DS) myeloma staging system came to light. This system 
reflects disease burden based on the level and type of monoclonal protein, hemoglo-
bin, calcium, and number of bone lesions [5]. Patients in each of the three stages are 
defined lower risk vs. higher risk based on creatinine level (substage A: serum cre-
atinine <2 mg/dL; substage B: serum creatinine ≥2 mg/day). In the 1980s, serum 
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β2-microglobulin became known as a reliable predictor of survival duration [6, 7]. 
In mid-1980s prognostic relevance of conventional cytogenetics by metaphase 
G-banding was described [8]. Subsequently, chromosomal abnormalities identified 
by interphase fluorescent in situ hybridization (FISH) were adapted as the key ele-
ments for defining risk categories [9]. The three-tier risk stratification system that 
we commonly use to classify newly diagnosed MM into standard, intermediate, and 
high risk of relapse is primarily based on the chromosomal abnormalities. Standard- 
risk disease is characterized by the absence of del(17p), t(4;14)(p16;q32), t(14;16)
(q32;q23), or 1q21 amplification (1q21+) and is associated with a median OS of 
50.5 months [10]. In contrast, high-risk disease is characterized by the presence of 
at least one of the previously mentioned abnormalities and is associated with a 
median OS of 24.5 months (P < 0.001) [10]. Patients harboring chromosomal aber-
rations, such as del(13), t(11;14), t(6;14), or hyperdiploidy in the absence of other 
high-risk defining features, generally have standard or intermediate-risk disease 
(Table 2.2).

In 2005, the International Staging System (ISS) was devised and quickly super-
seded the DS system. ISS is based on two simple inexpensive routine laboratory 
tests that reflect not just the tumor burden and renal function (β2-microglobulin) but 
also biologic impact of host-tumor interaction (albumin) [11]. The median OS of 
ISS stage III patients (serum β2-microglobulin >5.5  mg/mL) was reported as 
29 months compared with patients classified as stage I myeloma (serum albumin 

Table 2.1 Determinants of risk

Myeloma cell burden
Patient 
characteristics Disease biology Response to treatment

DS staging system Age LDH >300 IU/L CR
ISS Performance 

status, frailty
Plasma cell labeling ≥ 1% Immunophenotypic 

CR
Organ 
function

Conventional cytogenetics Molecular CR

MRI (≥7 lesions, 
diffuse bone marrow 
involvement)
FDG-PET (≥3 
lesions, SUV >4.2, 
presence of 
extramedullary 
disease)

Comorbidity 
burden index

Interphase FISH
  – CD138 selection
  –  Immunofluorescence 

of cytoplasmic Ig 
FISH

PET/MRI CR or 
resolution of lesions

Extramedullary 
disease

Geriatric 
assessment 
score

Gene expression profiling

Plasma cell leukemia Psychosocial 
profile

DS Durie-Salmon, ISS International Staging System, MRI magnetic resonance imaging, FDG-PET 
fluorodeoxyglucose-positron emission tomography, SUV standardized uptake value, LDH lactate 
dehydrogenase, FISH fluorescence in situ hybridization, Ig immunoglobulin, CR complete 
response
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Table 2.2 Risk classification based on FISH and conventional cytogenetics

Category
Genes/
chromosomes Frequency (%) Risk Comments

Hyperdiploidy Usually trisomies 
involving 
odd- numbered 
chromosomes 
except for 
chromosome 
1,13, and 21

42 Standard Hyperdiploidy is an 
initiating 
pathogenetic event

Monosomy 13 
or del(13q), in 
the absence of 
other high-risk 
abnormalities

15 (metaphase 
karyotype)
50 (FISH)

Standard The historically 
negative impact has 
been related to 
overlap with t(4;14) 
and/or del17p

Ig H 
translocated

40

t(11;14) (q13; 
q32)

CCND1 (cyclin 
D1)

15–20 Standard or 
intermediate

t(4;14) (p16; 
q32)

FGFR-3 and 
MMSET

12–15 High

t(14;16) (q32; 
q23)

C-MAF 3 High

t(14;20) (q32; 
q11)

MAFB 1 High

t(6;14) (p21; 
q32) and other

CCND3 (cyclin 
D3)

<5 Standard

Combined 
hyperdiploidy + 
high-risk 
cytogenetics

15 Undetermined It is unclear if the 
favorable prognostic 
impact of 
hyperdiploidy is lost 
in such cases

Isolated 
Monosomy 14, 
lack both IgH 
translocations 
and trisomies

Few cases may 
represent 14q32 
translocations 
involving 
unknown partner 
chromosomes

4.5 Undetermined

Other 
cytogenetic 
abnormalities in 
absence of IgH 
translocations 
or trisomy or 
monosomy 14

5.5 Undetermined

Normal 3 Standard
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Table 2.2 (continued)

Category
Genes/
chromosomes Frequency (%) Risk Comments

1p deletions CDKN2C, FAF1. 
FAM46C

11–30 High Deletion of 1p32.3 
and 1p12 has been 
associated with 
impaired OS in 
myeloma patients 
receiving ASCT

Gain 1 q21 CKS1B,
PMSD4

40 High Patients with ≥3 
copies of 1q have a 
worse treatment 
outcome
The data is 
conflicting about 
1q21+. Some reports 
have shown 1q21+ 
to be an independent 
prognostic factor 
[61], whereas others 
have not [63]. 
Although its role as 
a poor prognostic 
factor is 
controversial, the 
lack of 1q21+ is 
useful in identifying 
patients with 
standard prognosis 
[64]

Del 17p The molecular 
target of del(17p) 
may be TP53

7 High These patients 
present with more 
aggressive disease, 
extramedullary 
disease, and central 
nervous system 
involvement
At present, it is not 
clear what minimum 
percentage of cells 
carrying del(17p) is 
required to confer 
adverse prognosis. 
Minimal 
percentages of 20% 
and 60% have been 
recommended
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≥3.5  mg/mL, serum β2-microglobulin <3.5  mg/mL), who had a median OS of 
62 months. The strength of the ISS is that it is a robust staging system that has been 
validated and is applicable across geographical areas. It maintains prognostic effi-
cacy in a variety of clinical situations, namely, older (>65 years) vs. younger patients 
and treatment with conventional vs. ASCT. The main drawback, however, is that the 
FISH/cytogenetic features were not included in the derivation of ISS.

In addition to markers used in DS and ISS staging system, high serum lactate 
dehydrogenase (LDH), an indicator of rapid tumor turnover, is another marker of 
inferior outcome. It has consistently been associated with short OS in studies con-
ducted before and in the era of novel agents [12, 13]. Within each ISS group, the 
presence of high LDH is associated with a worse median OS.

GEP signature is also an important tool that provides supplementary information 
regarding prognosis. The first comprehensive GEP signature of newly diagnosed 
MM patients was published by the Arkansas group in 2002 [14]. Thereafter, numer-
ous GEP signatures have been identified in the context of retrospective and prospec-
tive analyses for both newly diagnosed and relapsed patient populations. Examples 
include UAMS 70-gene signature [15], EMC 92-gene signature [16], 17-gene sig-
nature by UAMS [15], 15-gene signature in the IFM trials [17], and a 6-gene signa-
ture in the MRC Myeloma IX trial [18]. GEP signatures are particularly effective in 
identifying high-risk group comprising 15% of new cases of MM with very poor 
outcomes. The technology of GEP is robust with good interlaboratory agreement. 
Unfortunately, widespread adoption of GEP in the clinics has been hindered by 
concern over variation between published signatures, difficulty in physician inter-
pretation, and the challenge of obtaining sufficient genetic material from limited 
patient specimens. The IMWG conducted a study to unify the GEP signatures using 
prognostic modeling and found that the combination of prognostic signatures is 
generally better than single signature [19]. In this study, the simple average of EMC 
92 and HZDC2 indices performed the best across datasets that comprised newly 
diagnosed and relapsed patients treated with novel agents and ASCT. Beyond lower- 
resolution genetic analyses like cytogenetics and FISH, clonal and subclonal hetero-
geneity in MM has been comprehensively characterized by genome-based diagnostic 
approaches including whole exome sequencing and whole genome sequencing 
(WGS). Other newer approaches to predict survival include analysis of microRNAs, 
custom capture mutation analysis, and evaluation of methylation and splicing 
patterns.

2.4  What Is the Value of Combined Prognostic Models?

Because individual prognostic factors do not capture the full heterogeneity in out-
come, several studies have used models combined models combining ISS with 
FISH cytogenetics and other prognostic features (Table 2.3). These combined mod-
els more accurately segregate patients into risk groups that better predict outcome 
for transplanted MM patients. Integrated prognostic models have shown to outper-
form prediction based on conventional clinical and cytogenetic factors alone. 
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Table 2.3 Staging systems and risk classification systems for newly diagnosed multiple myeloma

Classification Stage
Frequency 
(%) OS

DS [5]
(substage A: serum 
creatinine <2 mg/dL; 
and substage B: serum 
creatinine ≥2 mg/day)

I
All the following:
Hb > 10 g/dL
Ca ≤ 12 mg/dL
Normal or solitary plasmacytoma 
on skeletal survey
Serum M protein <50 g/L for IgG; 
<3 g/dL for IgA; Bence Jones 
protein <4 g/24 h

7.5 (IA)
0.5 (IB)

50% at 62 months
50% at 22 months

II
Neither stage I nor stage III

22 (IIA)
4 (IIB)

50% at 58 months
50% at 34 months

III
One of the following:
Hb < 8.5 g/dL
Ca > 12 mg/dL
Advanced lytic bone lesions (scale 
3)
Serum M protein >7 g/dL for IgG; 
>5 g/dL for IgA; Bence Jones 
protein >12 g/24 h

49 (IIIA)
17 (IIIB)

50% at 45 months
50% at 24 months

ISS [11] I
Serum β2-microglobulin 
<3.5 mg/L, serum albumin ≥3.5 g/
dL

30 50% at 62 months

II
Not fitting to stage I or II

37.5 50% at 44 months

III
Serum β2-microglobulin 
≥5.5 mg/L

34 50% at 29 months

mSMART
(http://www.msmart.
org)

Standard
All other cytogenetics including 
trisomies (hyperdiploidy), t(11;14), 
t(6;14)

NA NA

Intermediate
t(4;14)
1q gain
High PC-S phase

NA NA

High
del (17p13)
t(14;16)
t(14;20)
LDH ≥2 times institutional upper 
limit of normal
Features of primary plasma cell 
leukemia
High-risk gene expression profiling 
signature

NA NA

(continued)
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Table 2.3 (continued)

Classification Stage
Frequency 
(%) OS

ISS + Cytogenetic 
abnormalities in 
ASCT-eligible [60]

Favorable
ISS stage I and not (4;14) or 
del(17p13)

42 72% at 60 months

Intermediate
Neither favorable nor poor

44 62% at 60 months

Poor
ISS stage II/III and t(4;14) or 
del(17p13)

14 41% at 60 months

ISS + Cytogenetic 
abnormalities in 
ASCT eligible and 
ineligible patients 
with NDMM [61]

Favorable
ISS stage I/II and no t(4;14), 
t(14;16), +1q21, del(13), del(17) or 
ISS stage I with 1 CA

38 50% at 68 months

Intermediate
ISS stage I and >1 CA, or ISS 
stage II/III and 1 CA, or ISS III 
and no CA

48 50% at 41 months

Ultra-high
ISS II/III with >1 CA

14 50% at 19 months

ISS + CA in ASCT 
eligible and ineligible 
patients with NDMM 
[62]

Favorable
ISS I/II and no t(4;14) or 
del(17p13)

51 77% at 48 months

Intermediate
ISS III and no t(4;14) or 
del(17p13) or ISS I and t(4;14) or 
del(17p13)

29 45% at 48 months

Poor ISS II/II and t(4;14) or 
del(17p13)

20 33% at 48 months

ISS + CA + LDH in 
ASCT-eligible patients 
with NDMM [21]

Score 0
No adverse factors of the other 
categories

47–63 93% at 24 months

Score 1
Only one adverse factor of 
categories 2 and 3

28–34 85% at 24 months

Score 2
High LDH, ISS III, no t(4;14) or 
del(17p13)

2–5 67% at 24 months

Score 3
t(4;14) and/or del(17p13), and ISS 
III, and/or high LDH

5–13 55% at 24 months
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IMWG published revised ISS (R-ISS) in 2015 that incorporates the original ISS, 
cytogenetic abnormalities, and serum LDH [20]. R-ISS provides a comprehensive 
and practical risk stratification of newly diagnosed MM, including both young and 
elderly patients, that allows a clear identification of three stages with different sur-
vival durations. R-ISS stage I includes ISS stage I, no high-risk cytogenetic abnor-
malities, and normal LDH; R-ISS stage III includes ISS stage III with high-risk 
cytogenetic abnormalities and/or high LDH levels; and R-ISS stage II includes all 
the remaining. High-risk cytogenetic abnormalities included del(17p), t(4;14), and/
or t(4;16), whereas all other cytogenetic/FISH markers were considered standard 
risk. Patients with R-ISS stage I, II, and III had 5-year OS rates of 82%, 62%, and 
40%, respectively. Another study that combined ISS, cytogenetic abnormalities, and 
LDH defined four risk categories: in the very low-risk category, the 2-year OS was 
93%. In contrast, the 2-year OS was 55% in the very high-risk category [21]. ISS 
has also been combined with GEP classifiers. By combining the EMC 92-gene clas-
sifier with ISS, patients were effectively stratified into four risk groups, including a 

Table 2.3 (continued)

Classification Stage
Frequency 
(%) OS

Revised ISS in 
ASCT-eligible and 
ASCT-ineligible with 
NDMM [20]

Stage I
  • Serum albumin ≥3.5 gm/dL
  •  Serum beta-2- microglobulin 

<3.5 mg/L
  • No high-risk cytogenetics
  • Normal serum LDH

28 82% at 46 months

Stage II
Not fitting stage I or III

62 62% at 46 months

Stage III
  •  Serum beta-2- microglobulin 

>5.5 mg/L
  •  High-risk cytogenetics 

[t(4;14), t(14;16), or del(17p)] 
or elevated serum LDH

10 40% at 46 months

GEP signatures UAMS 70-gene [15]
High risk 13 28% at 60 months
Low risk 78% at 60 months
IFM 15-gene [17]
High risk 25 47% at 36 months
Low risk 90% at 36 months
EMC 92-gene [16]
High risk (validation set of MRC 
IX- transplant eligible)

20 50% at 40 months

Low risk 50% at 62 months

DS Durie and Salmon, ISS International Staging System, NDMM Newly diagnosed multiple 
myeloma, CA cytogenetic abnormality, LDH lactate dehydrogenase, GEP gene expression profil-
ing, ASCT autologous stem cell transplant, mSMART Mayo Stratification of Myeloma and Risk- 
Adapted Therapy, Hb hemoglobin, Ca calcium, UAMS University of Arkansas for Medical 
Sciences, IFM Intergroupe Francophone du Myélome, NA not available, OS overall survival
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distinctive low-risk group of 38% and a high-risk group of 17% [19]. In summary, 
combined risk models including ISS and genetic risk stratification robustly charac-
terize those patients who have a high risk of early death from progression within the 
first 2 years of MM diagnosis.

2.5  Does Depth of Treatment Response Affect Risk 
Stratification?

Although pretreatment disease characteristics remain the hallmark of prognostica-
tion, posttreatment parameters such as minimal residual disease (MRD) assessment 
and degree of response to therapy possess the ability to further refine the prognosis. 
Not only does response to treatment provide a synopsis of therapeutic resistance, it 
also helps determine the impact of dosage, compliance, and other unknown biology 
factors influencing the effectiveness of treatment. The proportion of patients achiev-
ing CR has increased through the introduction of novel agents and use of ASCT, 
necessitating more stringent definitions for assessing the exact magnitude of 
response in MM. The IMWG revised the reporting criteria, adding immunopheno-
typic CR and molecular CR categories [22]. Thus, more sensitive approaches like 
multiparameter flow cytometry (MFC) and molecular techniques like allele-specific 
oligonucleotide polymerase chain reaction (ASO-PCR) and NGS are being adapted 
for response and MRD assessment. More than a decade ago, Rawstron et al. first 
identified MRD as an independent predictor of relapse in patients undergoing ASCT 
[23]. Based on the MRD, they divided the homogeneous group of patients in con-
ventional CR into two new groups: one with a high level of MRD and an associated 
high probability of relapse and a second with low or undetectable MRD and excel-
lent prognosis. This data has been further corroborated in two pivotal studies by the 
Spanish and UK groups in the context of large multicenter clinical trials. In an 
analysis of 295 newly diagnosed patients, the Spanish group demonstrated that 
patients who became MRD negative by MFC at day 100 post-ASCT had a signifi-
cantly favorable outcome (P  =  0.002) with progression-free survival (PFS) of 
71 months and OS not reached [24]. In contrast, patients who continued to show 
detectable MRD had a PFS of 37 months and OS of 89 months. Patients with both 
persistent MRD and high-risk disease had the worst outcome (3-year time to pro-
gression: 0% and 3-year OS 32%) [25]. In a very similar analysis evaluating 397 
patients from the UK Myeloma IX study with MFC, the MRD was associated with 
a significantly inferior PFS (15.5 vs. 28.6  months, P  <  0.001) and OS (59 vs. 
80.6 months, P = 0.018) [26]. In the intensive pathway, the patient cohorts with dif-
ferent prognoses and was stratified based on combined MRD status and cytogenetic 
risk group. Median PFS for favorable cytogenetics was 44.2 and 33.7 months for 
MRD negative and MRD positive, respectively, whereas median PFS for adverse 
cytogenetics was 15.7 and 8.7 months for MRD negative and MRD positive, respec-
tively [26]. More recently, these observations were reproduced using ASO-PCR 
[27] and NGS [28], which again corroborated the prognostic value of MRD assess-
ment in transplant-eligible MM patients.
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It can be concluded that MRD positivity usually portends adverse prognosis. 
However, patients achieving MRD negativity also eventually relapse, and at this 
point we still do not know if we should alter our management for patients per MRD 
status. Global efforts are underway to standardize and harmonize criteria of auto-
mated MRD testing in MM to ensure uniform assessment of response and clinical 
prognostication. MRD-driven prospective clinical trials (incorporating MRD nega-
tivity as primary endpoint) are ongoing to compare and evaluate the efficacy of 
different treatment strategies, particularly in the consolidation and maintenance set-
tings, and to adapt/modify treatment according to the MRD status. These trials will 
hopefully provide the rationale for the use of MRD assessment in the future risk 
stratification schema.

2.6  What About Imaging-Based Response for Risk 
Stratification?

Sensitive imaging during and after treatment has the potential to improve the defini-
tion of MRD and risk stratification by providing information on patchy bone mar-
row disease and extramedullary sites, complementing MRD assessment in bone 
marrow sample obtained from single site. MRD-negative patients, who continue to 
be immunofixation positive or negative, may still have focal lesions or extramedul-
lary sites of active disease. In this respect, lesions that are equivocally positive on 
MRI or fluorodeoxyglucose-positron emission tomography (FDG-PET) can be sub-
jected to sampling. The application of FDG-PET as a monitoring tool showed that 
persistence of FDG activity after induction or ASCT was associated with poor PFS 
and OS. Importantly, 23% of patients who achieved CR but were still positive on 
PET-CT had significantly shorter 4-year estimate of PFS in comparison with that of 
PET-negative patients (30% vs. 61%; P = 0.02) [29]. In the total therapy (TT) 3 trial 
for newly diagnosed MM, the presence of more than three FDG-avid focal lesions 
in the GEP-defined low-risk group served as an independent predictor associated 
with inferior OS and EFS. The entire high-risk group fared poorly [30]. In addition, 
this trial showed that a decrease in FDG SUV (max) before ASCT conferred a sur-
vival benefit, reflecting the importance of complete suppression of tumor metabo-
lism in MM. Persistence of greater than three focal lesions at day 7 after the start of 
induction therapy, irrespective of GEP-defined risk, was associated with high risk of 
relapse or death in TT3A and TT3B clinical trials [31]. Walker and colleagues [32] 
reported the results of a prospective evaluation of MRI before and after treatment 
with TT2 trial. They showed that seven or more lesions on MRI in the presence of 
CA were associated with 5-year OS of 37% as opposed to 76% OS in the absence 
of both features. Furthermore, resolution of lesions, determined by MRI after ther-
apy predicted for superior OS.  Similarly, the Heidelberg group showed that the 
number of focal lesions on whole body MRI after ASCT is associated with both PFS 
and OS [33]. Altogether, this indicates that persistence of PET and MRI lesions 
identifies a group of patients with an inferior response to therapy and that residual 
focal lesions after treatment may represent the source of relapse. However, it is 
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important to emphasize that focal lesions may show altered signals for several 
months after therapy, in both responding and nonresponding patients because of 
treatment-induced necrosis and/or inflammation. Standardization of response defi-
nitions by sensitive imaging tools and comparison with bone marrow-based MRD 
methods, including targeted biopsies, is needed before additional refinements in 
response criteria based on imaging can be made.

2.7  Do Novel Therapeutics Ameliorate Adverse Impact 
of High-Risk Cytogenetics?

Over the past 20 years, treatment options for MM have expanded multifold, and the 
therapies available to patients are more effective. Specifically, IMiDs and protea-
some inhibitors (PIs) have contributed to improved PFS and OS and are now con-
sidered integral part of treatment before and after ASCT for newly diagnosed 
patients. Risk stratification has been reviewed in the context of emerging novel 
therapeutics, distinguishing between therapies that only improve the outcomes of 
high-risk patients when compared with previous therapies vs. those that overcome 
high-risk status, thereby reclassifying these patients as standard risk.

2.7.1  Impact of Proteasome Inhibitors

Most evidence of modifying adverse impact of high-risk cytogenetics in newly 
diagnosed transplant-eligible patients is available with bortezomib. The data using 
other approved PIs, i.e., carfilzomib and ixazomib, is not yet mature in frontline set-
ting. Patients with deletion 13 by conventional cytogenetics once considered having 
high-risk disease, now with the use of bortezomib-based therapies, have an outcome 
approaching that of intermediate- or standard-risk MM. In a matched-pair analyses 
of two large phase 2 and 3 trials in relapsed and refractory setting, SUMMIT (Study 
of Uncontrolled Myeloma Managed With Proteasome Inhibition Therapy) [34] and 
APEX (Assessment of Proteasome Inhibition for Extending Remissions) [35], 
Jagannath and colleagues showed that the response and survival were comparable in 
bortezomib-treated patients with or without del(13) by cytogenetics as an indepen-
dent prognostic factor [36]. In addition, studies show that historically poor prognos-
tic value associated with del(13/13q) actually stems from its surrogate association 
with other high-risk features, especially t(4;14) and del(17p) that are concomitantly 
present in up to 80% of patients harboring del(13/13q) [37].

Whether the novel drugs modify prognostic impact of t(4;14) and del(17p) is still 
a matter of debate. Chromosomal aberrations t(4:14) and del(17p) have been associ-
ated with worse PFS and OS in multivariable analyses independent of ISS stage, 
even in those undergoing ASCT. These two cytogenetic abnormalities are catego-
rized as high risk based on R-ISS staging. Some, but not all, studies have shown that 
the negative prognostic implications of t(4;14) and del(17p) can be at least improved 
(but not overcome) with bortezomib in newly diagnosed transplant-eligible patients. 
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Notably, this evidence comes from post hoc subgroup analyses of trials that were 
not specifically targeted or powered for high-risk cytogenetics group.

In HOVON-65/ GMMG-HD4 trial of ASCT, bortezomib as a part of induction 
and maintenance was compared with VAD (vincristine, doxorubicin, and dexameth-
asone) induction and thalidomide maintenance [38, 39]. Overall, patients with 
t(4;14) showed a significantly worse median PFS (21.7 vs. 35.7 months; P = 0.0002) 
and 3-year OS (55% vs. 82%; P = 0.0003) compared with patients lacking this aber-
ration. Although the bortezomib arm achieved better results in patients with t(4;14), 
this did not reach statistical significance. In the same trial, a subgroup analysis of 37 
patients with del(17p) demonstrated significantly longer median PFS (26.2 vs. 
12.0 months; P = 0.024) and improved 3-year OS (69% vs. 17%; p = 0.028) in the 
bortezomib arm than those assigned to VAD. Nonetheless, the 3-year OS of 85% in 
patients without del(17p) indicates that bortezomib does not completely overcome 
the adverse prognosis of this abnormality. The IFM group studied the outcome of 
507 patients treated with bortezomib and dexamethasone induction before ASCT 
compared with a cohort of 512 patients treated with VAD [40]. Bortezomib improved 
both EFS and OS for patients with t(4;14) but not for those with del(17p) when 
compared with patients treated with VAD induction within the same period.

Two randomized clinical trials evaluated the induction regimen of bortezomib, 
thalidomide, and dexamethasone (VTD) against thalidomide and dexamethasone 
(TD) within the context of ASCT and maintenance therapy in newly diagnosed 
MM.  In the trial by Cavo and colleagues, incorporation of VTD before and after 
double ASCT allowed the adverse effects of t(4;14) to be overcome with improve-
ment in 3-year PFS to 69%. This was analogous to the 3-year PFS of 74% for patients 
without t(4;14) (p  =  0.66) [41]. In contrast, patients in the TD arm retained the 
adverse impact of t(4;14) and experienced comparatively poor 3-year PFS than those 
without (37% vs. 63%; p  =  0.013). Benefit was also observed in patients with 
del(17p13) treated with VTD compared to TD. The median PFS was 12 months in 
the TD group vs. 22  months in the VTD group (P  =  0.01). The median OS was 
24 months in the TD group vs. not reached at 54 months in the VTD group (P = 0.003). 
In the second trial (Spanish PETHEMA GEM05) where patients received a single 
course of ASCT and were randomized to thalidomide or interferon alfa-2b or VT 
maintenance, the cytogenetically defined high-risk group patients including t(4;14) 
and del(17p13) had a significantly shorter PFS than those with standard risk, irre-
spective of the treatment [42]. Although high-risk patients had improved median PFS 
with VTD compared to patients treated with TD (23.5  months vs. 8.9  months, 
P = 0.04), the VTD regimen was not able to overcome the poor prognostic impact of 
high-risk cytogenetics. This result was in contrast with the Italian study mentioned 
above. The University of Arkansas TT2 regimen did not include bortezomib and 
patients with t(4;14) and del(17p) had significantly shorter EFS and OS compared to 
those without the translocation [43]. This difference disappeared in the bortezomib-
containing TT3 regimen, in which bortezomib was added to the induction, consolida-
tion, and maintenance phases of multidrug treatments [44].

In conclusion, it seems that although bortezomib-based regimens improve, to 
some extent, the PFS and OS in patients with high-risk cytogenetics, this 
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improvement is quite modest and not sufficient to fully overcome the prognosis. A 
comparison of studies showing favorable results with studies showing less favorable 
results suggests that the prolonged treatment including bortezomib-based induction 
therapy before tandem ASCT and bortezomib maintenance may overcome the risk 
of t(4;14) [45]. Therefore, randomized, prospective clinical trials are needed to 
resolve whether prolonged bortezomib treatment can truly improve and/or over-
come the high-risk impact of del(17p) and t(4;14).

2.7.2  Impact of Immunomodulatory Agents

Thalidomide does not abrogate the adverse effect of t(4;14), t(14;16), t(14;20), and 
del(17) or del(17p) and gain(1q) in transplant-eligible patients [46]. The benefit of 
lenalidomide in patients with high-risk cytogenetics undergoing ASCT is less clear. 
Two recent phase III randomized studies comparing ASCT with standard chemo-
therapy deserve mention [47, 48]. Newly diagnosed patients aged 65  years or 
younger in each of these studies were treated with four cycles of Rd induction and 
subsequent autologous stem cell collection using cyclophosphamide and granulo-
cyte colony-stimulating factor (GCSF) mobilization. Consolidation and mainte-
nance were different in the two studies. Palumbo and colleagues [47] randomized 
patients to receive consolidation with six cycles of melphalan, prednisone, and 
lenalidomide (MPR) or two courses of ASCT and maintenance with lenalidomide 
or no maintenance. Gay and colleagues [48] randomized patients to receive consoli-
dation with six cycles of chemotherapy (cyclophosphamide and Rd) or two courses 
of ASCT and maintenance with lenalidomide or lenalidomide and prednisone. Both 
studies showed significantly shorter PFS and OS for the chemotherapy arm com-
pared with the ASCT arm. In a post hoc analysis of patients assigned to chemo-
therapy, those with high-risk cytogenetic abnormalities had worse PFS (15.7 months 
vs. 47.1 months) and OS (52% vs. 87%) than did those with standard-risk cytoge-
netic abnormalities [48]. High-risk was defined by the presence of del(17p), t(4;14), 
or t(14;16). The difference in PFS between high-risk and standard-risk patients 
(33.4 months vs. 46.8 months) was less evident with ASCT. In RV-MM-209 trial, 
patients had insignificant improvement in PFS favoring ASCT for high-risk (HR 
0.3, 95% CI 0.37–1.42, P = 0.40) and standard-risk group (HR 0.49, 95% CI 0.24–
0.62) [47]. Unfortunately, the low number of patients in each subgroup combined 
with the number of patients not evaluable for cytogenetic risk limited the value of 
these analyses.

In a study of newly diagnosed MM patients treated with Rd induction, the high- 
risk group, defined by the presence of hypodiploidy, del(13q), del(17p), t(4;14), 
t(14;16), or plasma-cell labeling index of 3% or greater, had a shorter PFS 
(18.5 months vs. 36.5 months P < 0.001) and less durable responses compared with 
standard-risk group. Although the 3-year OS of 77% for high-risk group of patients 
was not statistically different from OS of 86% for standard risk, P = 0.4 [49]. In 
contrast, in the phase 3 E4A03 study comparing lenalidomide with either high or 
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low-dose dexamethasone in patients with newly diagnosed MM, the 2-year OS in 
patients with high-risk cytogenetic abnormalities was significantly shorter com-
pared with standard risk (76% vs. 91%, respectively, (P = 0.004)) [50]. In both these 
studies it is not clear how many patients went on to receive ASCT. In the mainte-
nance setting, the Intergroupe Francophone du Myélome (IFM) found that lenalido-
mide maintenance was associated with an improvement in PFS from 24 to 42 months 
(P < 0.0001). In patients with del(17p), lenalidomide maintenance was associated 
with an improvement in PFS from 14 to 29 months (P < 0.02), but it did not over-
come this risk. In patients with t(4;14), the improvement in PFS was from 24 to 
28 months (P < 0.04) [51].

Therefore, from the available evidence, it can be concluded that there is no clear 
and consistent evidence of an improvement in PFS or OS with lenalidomide-based 
induction (Rd or CRd without bortezomib) in high-risk newly diagnosed MM 
patients undergoing ASCT.

2.8  How Do We Prioritize Treatment for Transplant-Eligible 
Newly Diagnosed MM According to the Risk Category?

As we move into 2016, early ASCT for all eligible patients remains the standard of 
care irrespective of risk stratification. In the absence of comparative phase III stud-
ies, focused on a risk category, it is challenging to make categorical recommenda-
tions regarding the risk-aligned management strategies for transplant-eligible newly 
diagnosed MM. Besides risk stratification, other factors must always be taken into 
consideration when prognosticating patients for treatment selection, such as host- 
related factors (age, performance status, organ function, comprehensive geriatric 
assessment, and comorbidities) and tumor-related factors (plasma cell proliferation 
rate, extramedullary disease [EMD], and plasma cell leukemia [PCL]).

Two phase III randomized studies (discussed above) using Rd-based regimens 
show that PFS is better with early ASCT, but the transplant itself does not provide a 
meaningful benefit in OS [47, 48]. Missing in these studies was the use of a PI, 
which is believed to be key to improved survival for high-risk patients. Ongoing 
large collaborative studies (the European Myeloma Network 02 trial and the IFM/
Dana–Farber Cancer Institute 2009 trial; ClinicalTrials.gov numbers NCT01208766, 
NCT01191060, and NCT01208662) are evaluating effective drug combinations that 
include a PI and an IMiD vs. ASCT, the benefit of early vs. late transplantation, and 
the effects of varying the duration of maintenance therapy. At the 2015 American 
Society of Hematology (ASH) meeting in Orlando, the results from the IFM part of 
the study were presented, showing that the PFS was longer in the arm with three 
cycles of RVd followed by upfront ASCT, followed by two additional cycles of RVd 
and 1 year of lenalidomide maintenance [52]. In the upfront ASCT arm, 93% of 
patients underwent ASCT, and five toxic deaths occurred during mobilization or in 
the actual transplant phase (1.4%). ASCT was found to improve PFS (HR 1.5, 95% 
CI1.2–1.9). The 3-year post-randomization PFS was 61% in the upfront ASCT arm 
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vs. 48% in the delayed ASCT arm. OS was not statistically different between the 
two arms. In the absence of data confirming the detrimental effect of delayed ASCT, 
reserving ASCT for future use at disease progression is another treatment option 
that must be discussed clearly with the patients. The major deterrent to delayed 
ASCT is the concern that considerable proportion of patients may not continue to be 
eligible or fit to receive transplantation at the time of relapse, as shown in a study 
where only 43% of patients (treated with conventional chemotherapy frontline) 
could receive ASCT at the time of relapse [48].

In the absence of randomized data comparing efficacy, choosing the best induc-
tion regimen among a wide range of combinations can be challenging. Depth of 
response prior to ASCT appears to correlate with the PFS and OS [53]. Three-drug 
induction incorporating an IMiD and a PI has shown to generate deeper responses 
than two-drug regimens such as VD or Rd. [54]. The idea is to accelerate and main-
tain responses given the high risk of genetic instability and propensity to rapidly 
progress in the face of suboptimal therapy. In real-life practice RVD and VCD (aka 
CyBorD) are the commonly used regimens in the USA and VTD in other parts of 
the world. A phase 2 EVOLUTION study suggests that RVD and VCD yield similar 
results [55]. In a head-to-head comparison within a phase III randomized trial, the 
overall response rate was significantly higher in the VTD arm, 92.3% vs. 83.4% in 
the VCD arm (p = 0.01), when used as induction prior to ASCT. Similarly, in a ret-
rospective matched pair analysis of patients randomly assigned to the VTD arm of 
the GIMEMA-MMY-3006 study and patients who received VCD induction in the 
EMN-02 showed that VTD increased the CR rate three times more than VCD (19 
vs. 6%, P < 0.001) [56]. This improvement was retained across high-risk cytogenet-
ics as defined by the presence of t(4;14) and/or del(17p) (23% vs. 8%, P = 0.03) and 
among patients with ISS stage II + III (20% vs. 4%, P < 0.001). An IMiD and a PI, 
in combination with dexamethasone, should be the preferred combination, espe-
cially for high-risk patients. Because of stringent requirements, older patients and 
those with comorbidities have generally been excluded from frontline clinical trials. 
Therefore, information is lacking about how best to manage patients with hepatic or 
renal failure, preexisting cardiac or vascular disorders, or gastrointestinal and mal-
absorption syndromes. VCD has been a reasonably safe option for those with sub-
optimal renal function, with the option to switch to RVD (for high-risk patients) 
after renal activity is restored. In patients presenting with PCL or extensive EMD, 
in whom a fast response is required, or for those with rapid progression to induction, 
more intensive regimens, such as continuous-infusion cisplatin, doxorubicin, cyclo-
phosphamide, and etoposide (PACE), combined with bortezomib or carfilzomib and 
dexamethasone are used taking adequate prevention measures for tumor lysis syn-
drome to avoid the risk of irreversible disease complications [57].

Induction treatment is generally continued up to best optimal response, usually 
4–6  cycles, after which all transplant-eligible patients proceed with autologous 
peripheral blood stem cell (PBSC) collection. Stem cells are collected after GCSF 
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and plerixafor mobilization for at least one and usually more than one ASCT. Collecting 
PBSC early during treatment ensures that stem cells are healthy and are less exposed 
(both in quantity and quality) to potentially mutagenic therapies.

Newer agents including next-generation PI (carfilzomib, ixazomib), IMiD 
(pomalidomide), or monoclonal antibodies/immunotherapies (elotuzumab, daratu-
mumab, PD-1/PDL-1 inhibitors) seem to be effective for high-risk MM group in 
small nonrandomized studies; however systematic studies are being conducted in 
frontline setting (during induction and/or consolidation) for transplant-eligible 
patients with high-risk or standard-risk MM, and their results will be important for 
optimizing regimens.

Tandem ASCT has been shown to improve response for patients achieving less 
than very good partial response (VGPR) after one ASCT, but these studies were 
conducted before the use of PI and IMiD. Although tandem ASCT combined with 
bortezomib-based induction and maintenance may improve PFS in patients with 
t(4;14) and/or del(17p), this strategy is not routinely implemented as the evidence is 
not corroborated from stratified randomized studies. Randomized studies compar-
ing early vs. delayed transplant (NCT01208662) or single vs. tandem ASCT 
(NCT01208766) are ongoing to clarify which populations should proceed for early 
or tandem ASCT and which population should wait for delayed ASCT.

Lenalidomide (single agent) maintenance until progression is recommended for 
patients who can tolerate it, based on randomized phase III data and subset analyses 
proving efficacy in improving PFS for standard-risk patients. For high-risk patients 
with PCL, t(14;16), del 17(p), and 1q+ or GEP70 score, combined PI and IMID 
maintenance should be considered because they do not do well with single agent 
maintenance. In the recent report, VRD maintenance for up to 3 years, followed by 
single agent lenalidomide maintenance until progression has shown promising 
results in terms of PFS (median 32 months) and OS (>90% at 3 years) in patients 
with high-risk cytogenetics [58]. Ongoing studies are examining RVD, carfilzomib- 
lenalidomide- dexamethasone (KRD), daratumumab, and other new agents in terms 
of content (single agent vs. combined) and duration (short vs. long) of maintenance 
therapy.

Allogeneic SCT is not clearly established as a standard treatment approach for 
most MM patients. In a recent meta-analysis evaluating six trials comparing tandem 
ASCT vs. ASCT followed by reduced intensity allogeneic SCT, the latter approach 
was shown to be associated with a higher CR rate and transplant-related mortality 
without clear benefit in PFS and OS, and the majority of patients relapsed after 
tandem autologous-allogeneic SCT [59]. For high-risk GEP-70, del(17p), t(4;14), 
+1q, or plasma cell leukemia, especially with multiple high-risk abnormalities, or in 
combination with higher stage or high LDH, eligible young patients should be con-
sidered for clinical trials examining allogeneic SCT. Novel strategies in the context 
of allogeneic SCT are being studied that would reduce transplant-related mortality 
and improve long-term outcomes.
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2.9  Summary and Conclusions

Risk stratification at diagnosis is recommended for all patients as it helps with predict-
ing response and in some cases with selecting treatment. Consensus guidelines from 
the IMWG support a comprehensive cytogenetic and FISH evaluation in all patients 
with MM at the time of diagnosis and at relapse. FISH panel is used for detection of 
t(11;14), t(6;14), t(4;14), t(14;16), t(14;20), del(17p13), 1q+, trisomies of odd-num-
bered chromosomes, and del(1p32). Conventional cytogenetics (karyotyping) is help-
ful for detection of deletion 13, monosomy 13, or hypodiploidy. Combined models, 
such as R-ISS, provide improved outcome prognostication and should be routinely 
adapted in clinic. Risk stratification should continue over time because risk factors can 
change, thus altering an individual’s risk for progression. Studies of GEP are uncover-
ing biological heterogeneity with prognostic significance, and wherever possible GEP 
data should be collected within or outside of the clinical trials to provide a framework 
within which newer technologies such as mutational analysis and NGS can be inte-
grated. The use of FDG-PET-CT provides additional predictive information when 
used at diagnosis and after treatment. There is unequivocal evidence, irrespective of 
study design, chemotherapy protocol, and MRD measurement method, that MRD is a 
strong and independent prognostic factor. Future prognostic models in MM are likely 
to integrate GEP, functional imaging, and MRD within existing risk classification, 
which would influence the choice of treatment.

Treatment selection based on risk stratification, especially for high-risk patients 
who constitute about 15–20% of newly diagnosed transplant-eligible population, is 
an ongoing theme of most clinical trials. Managing high-risk patients continues to 
be a challenge, and a coordinated effort to put these patients on clinical trials will be 
required to efficiently determine the optimal therapies. In high-risk MM, highly 
synergistic combination therapies including next-generation IMiDs and PIs, mono-
clonal antibodies, and immunotherapy-based approaches are being investigated 
within the context of induction, consolidation and maintenance regimens, tandem 
transplantation, second transplantation at the time of relapse, and nonmyeloablative 
allogeneic stem cell transplantation. Some examples of ongoing studies testing 
novel strategies in high-risk MM patients include in vivo purging with daratumumab 
after induction (prior to ASCT), activated marrow infiltrating lymphocytes with 
ASCT followed by lenalidomide and tadalafil, nonmyeloablative allogeneic trans-
plant followed by bortezomib, matched-donor stem cell transplant using Flu-Bu4, 
allogeneic transplant using bortezomib given together with Flu-Mel conditioning 
with or without total marrow irradiation, maintenance ixazomib after allogeneic 
SCT, and vaccine therapy after ASCT.

In conclusion, there have been significant improvements in the outcomes for 
patients with MM over the past 20 years related to the use of high-dose melphalan 
and availability of IMiDs and PIs. The outcome is expected to further improve with 
emerging therapeutics that target the molecular heterogeneity of the disease. Thus, 
refining molecular classification and risk classification in MM remains an important 
goal of ongoing research, so that biology-based individualized treatment can be 
delivered to many MM patients in the future.
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3.1  Introduction

Multiple myeloma (MM) is a plasma cell disease of older adults, with a median age 
at diagnosis of ≥70 years. The population is rapidly aging, and this phenomenon 
will lead to a considerable increase in the incidence of MM in the older population 
in the near future [1, 2].

The introduction of novel agents in the therapeutic armamentarium in the last 
15 years has dramatically improved the outcome of MM [3–5]. Nevertheless, in 
population-based studies, this improvement seems to be rather limited in patients 
older than 70 years compared with younger patients [3, 6]. The clinical and biologi-
cal heterogeneity of the MM, together with aging heterogeneity, represents a major 
challenge in the treatment of elderly MM patients. The appropriate assessment of 
aging remains an unsolved issue, and this most likely accounts for the gap between 
outcomes in younger and in older MM patients. Although the disease characteristics 
reflecting the biology of MM clone and tumor burden seem to be quite similar in 
young and elderly MM, host factors are very different in the two age groups and 
play a central role in the tolerability and discontinuation of therapies. Indeed, the 
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rate of adverse events leading to dose reductions or therapy interruption is higher in 
the elderly population; moreover, a population-based study showed that two thirds 
of early mortality cases occurred in patients older than 70 years [7].

Quality of life (QoL) preservation should be a major endpoint for all patients 
with MM, but it is particularly relevant in older patients, in whom prolongation of 
progression-free survival (PFS) and overall survival (OS) cannot be the priority. 
Nevertheless, QoL of patients with MM depends on disease symptoms as well as on 
adverse events due to therapy. In this view, response to therapy and tolerability of all 
drugs administered (including supportive care) is equally highly relevant. In addi-
tion, achieving a complete remission (CR) was demonstrated to be closely associ-
ated with longer PFS and OS also in older patients [8].

In younger patients, clinical and biological heterogeneity of MM translated into a 
variable response to treatment and outcome. In older patients, a wide variety of host 
factors have a strong influence on treatment outcome. Therefore, besides choosing the 
most effective therapy based on disease-risk stratification, we need appropriate mod-
els to recognize patients who are able to tolerate intensive therapy in order to maxi-
mize outcome and patients who require a gentler approach to minimize toxicity.

There is growing evidence supporting the concept that chronologic age cannot 
represent the complexity associated with aging. Other strategies and tools, such as 
performance status, the presence of comorbidity, geriatric evaluation, and functional, 
cognitive, and psychosocial status assessments should be considered. The combina-
tion of these factors allows a better selection of appropriate, tailored treatments.

In this chapter, we have summarized the data available to stratify elderly patients 
with MM according to tumor-related characteristics as well as host factors, with the 
ultimate aim to better define the current status of personalized therapy in the elderly 
MM population.

3.2  Therapy Overview in Elderly MM Patients

3.2.1  Randomized Phase III Studies

Several randomized studies and a meta-analysis [9] demonstrated that melphalan, 
prednisone, and thalidomide (MPT) combination was superior to melphalan- 
prednisone (MP) in terms of response rate, PFS, and OS. Based on these results, 
MPT was thus considered as the first new standard of care in elderly MM patients 
since the 1960s. However, MPT was not well tolerated, particularly because of 
peripheral neuropathy occurring in almost all patients. A randomized study, the 
VISTA trial [10] demonstrated that bortezomib-melphalan-prednisone (VMP) was 
unequivocally superior to MP in response rate as well in PFS and OS. Based on that 
study, VMP was also considered a new standard of care for patients ineligible for 
transplantation in Europe. Although no direct comparison between MPT and VMP 
has been performed, one retrospective study demonstrated that VMP was associated 
with better response rate, tolerability, PFS, and OS [11]. The major drawback of 
bortezomib is peripheral neuropathy, which can significantly be reduced through 
the subcutaneous administration instead of standard intravenous injection [12] and 
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the once weekly instead of the twice-weekly schedule [13]. VMP was subsequently 
compared with VMPT followed by bortezomib-thalidomide maintenance 
(VMPT-VT) [14, 15]. Results were significantly in favor of VMPT-VT in terms of 
PFS and OS. Unfortunately, the advantage with this more intensive regimen was 
less evident in patients older than 75 years, as they frequently discontinued therapy 
because of toxicity. The Spanish group compared VMP with VTP both followed by 
VT or VP as maintenance therapy [16]. The two regimens were equivalent in 
response and survival but, both in induction and in maintenance, the thalidomide- 
containing regimens (VTP and VT) were significantly worse tolerated. The same 
group performed a randomized study comparing alternating six courses VMP and 
six courses of lenalidomide-dexamethasone (Rd) with six sequential courses of 
VMP followed by six cycles of Rd [17]. To date, no differences were found between 
the two treatment strategies. Randomized phase III studies comparing VMP with 
VMP-Daratumumab (an anti-CD38 monoclonal antibody) are ongoing. The safety 
of VMP-Daratumumab has been investigated in a phase Ib study [18] in which dara-
tumumab was combined with three backbone MM therapies, namely, VD, VTD, 
and VMP. VMP plus daratumumab was administered to eight elderly patients with 
a median age of 72 years (range 67–78) inducing an overall response rate (ORR) of 
100% and a very good partial response (VGPR) of 50%. Daratumumab did not add 
to the toxicity of VMP, and no patient discontinued treatment due to adverse events.

Similarly to thalidomide and bortezomib, lenalidomide was tested in combination 
with MP (MPR) and compared with MPR followed by lenalidomide maintenance 
(MPR-R) and MP [19]. Patients treated with MPR-R achieved a significantly longer 
PFS compared with those treated with MP, but this advantage did not translate into a 
better survival because patients aged 75 years or more frequently had to reduce or to 
discontinue therapy for toxicity. However, all patients, including very elderly ones, did 
benefit from maintenance therapy with lenalidomide. Recently, MPR-R was randomly 
compared with MPT-T [20]. No differences in PFS and OS between two treatment arms 
were seen, while MPR-R was more tolerated, particularly in terms of peripheral neu-
ropathy and hematological toxicity. Yet, there were no differences in the rate of patients 
who completed the six cycles of therapy between regimens, and no differences were 
detected between age groups of ≤75 and >75 within each regimen. To reduce toxicity, 
a lower dose of melphalan (5 mg/m2 instead of 9 mg/m2) was associated to lenalidomide 
and prednisone (mPR). This combination was compared to MPT, and no differences 
were found for the main outcome measures [21]. Despite the advantages, the results 
reported in the above trials hampered MPR-R to become a new standard therapy.

3.2.2  Phase II Studies

A modified regimen of bortezomib-lenalidomide-dexamethasone compared with 
the one used in young patients (RVD lite: bortezomib 1.3 mg/m2 weekly, lenalido-
mide15 mg/day on days 1–21, and dexamethasone 20 mg twice weekly if ≤75 years 
or once weekly if >75 years) was evaluated in a phase II study in elderly patients 
[22]. Ninety percent of the 30 patients enrolled obtained response, 53% achieved a 
VGPR, and therapy seemed to be well tolerated also in older patients.
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Carfilzomib, the second-in-class proteasome inhibitor, was recently tested in 
association with melphalan and prednisone (CMP) in a dose-escalating phase I/II 
study [23] which enrolled 72 patients with a median age of 72  years (range 
66–86 years). Patients received a median of nine cycles of CMP, and at least a par-
tial response (PR) was reported in 90% of them, including 58% achieving at least 
VGPR and 12% a complete response (CR). After a median follow-up of 22 months, 
the projected 3-year OS was 80%. CMP combination showed a good safety profile, 
less than 5% of patients developed grade 3–4 non hematologic toxicities and, 
remarkably, grade 3 peripheral neuropathy occurred only in one of 68 patients. The 
results of randomized phase III study comparing VMP with CMP are awaited.

Carfilzomib, administered either twice weekly or once weekly, was tested in 
combination with cyclophosphamide and dexamethasone (CCyD) in phase II stud-
ies including elderly patients. In the first study [24], 58 patients received nine 
4-week cycles of CCyD (with carfilzomib given on days 1, 2, 8, 9, 15, 16 at 20 mg/
m2 on days 1, 2 of cycle 1 and 36 mg/m2 thereafter) followed by maintenance with 
carfilzomib until disease progression or intolerance. The ORR was 95%, including 
71% at least a VGPR and 49% near CR (nCR). After a median follow-up of 
18 months, the 2-year PFS and OS rates were 76% and 87%, respectively. The most 
common grade 3–4 toxicities were neutropenia (20%), anemia (11%), and cardio-
pulmonary events (7%), while no severe peripheral neuropathy was reported. In the 
second phase II study [25], carfilzomib at dose of 70 mg/m2 on days 1, 8, and 15 was 
administered in combination with cyclophosphamide and dexamethasone. Forty- 
seven patients were enrolled; the median age was 72 years. After a median of six 
cycles, 80% achieved at least a PR, 60% at least a VGPR, and 28% CR/nCR. Main 
grade 3–4 side effects were neutropenia (22%), infections (10%), thrombocytopenia 
(7%), and acute pulmonary edema (5%), and no peripheral neuropathy was reported.

The combination of carfilzomib, lenalidomide, and low-dose dexamethasone 
(CRd) was explored in a phase I/II study [26] which enrolled 23 patients. They 
received eight 28-day CRd induction cycles (carfilzomib with escalating doses from 
20 to 36 mg/m2 on days 1, 2, 8, 9, 15, and 16; lenalidomide 25 mg/day on days 1–21 
and dexamethasone 40 mg on days 1, 8, 15, 22 for cycles 1–4 and at 20 mg thereaf-
ter), followed by sixteen 28-day CRd maintenance cycles (carfilzomib 36 mg/m2 on 
days 1, 2, 15, and 16, lenalidomide, and dexamethasone given at the same dosage 
and schedule). After 24 cycles, a single agent maintenance with lenalidomide was 
provided off protocol. All patients achieved at least a PR, including 65% of patients 
with stringent CR (sCR). This association led to 3-year PFS and OS rates of 79.6% 
and 100%, respectively. The regimen was well tolerated. The main severe toxicities 
during induction were hematologic, in particular thrombocytopenia (39%) and lym-
phopenia (35%), while the majority of adverse events reported during maintenance 
were grades 1–2.

Ixazomib, a new oral proteasome inhibitor, was combined with Rd in a phase II 
study [27] including a total of 50 patients. Median age was 65 years, but half of 
patients were ≥65 years old and 18% aged 75 years or over. Most frequent grade 
3–4 adverse events were skin disorders (14%), neutropenia (14%), fatigue (12%) 
and thrombocytopenia (8%). Among 24 evaluable patients aged 65 years or older, 
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ORR was 88% (38% CR or nCR, 33% VGPR, 17% PR) with a 1-year PFS of 73% 
and 1-year OS of 83%.

In a phase II study [28], 70 transplant-ineligible MM patients were treated with 
once-weekly ixazomib 4.0  mg, dexamethasone, and cyclophosphamide 300 or 
400 mg/m2. Preliminary analysis of 30 patients treated at each cyclophosphamide 
dose showed that 27% of patients treated in the 300 mg/m2 arm and 23% in the 
400 mg/m2 arm achieved a CR or a VGPR; the ORR was 80% and 73%, respec-
tively. Grade 1–2 peripheral neuropathy was similar in the 300 mg/m2 and 400 mg/
m2 dose groups (17% and 21%, respectively), with no cases of grade ≥3 peripheral 
neuropathy. Rates of adverse events were higher with 400 mg/m2 vs. 300 mg/m2 
cyclophosphamide. Therefore, a lower dose level of cyclophosphamide may be suit-
able for older patients.

3.2.3  Doublet Vs. Triplet Therapies

Recently, the results of the FIRST in which continuous Rd was compared with MPT 
and with Rd for 18 months have been published [29, 30]. Continuous Rd was sig-
nificantly superior to MPT in terms of PFS and OS, including the subgroup of 
patients older than 75 years (4-year OS: 52% vs. 39%). The rates of therapy reduc-
tion or discontinuation were similar in patients aged 65–75 years and those older 
than that (37% vs. 44% and 21% vs. 26%). Results of two phase III randomized 
studies comparing Rd with Rd-Elotuzumab and with Rd-Daratumumab are awaited.

Another randomized study [31] compared Rd (lenalidomide 25 mg days 1–21, 
dexamethasone 40 mg weekly or 20 mg weekly if >75 years) with MPR (melphalan 
0.18 mg/kg days 1–4; 0.13 mg/kg if age > 75 years, lenalidomide 10 mg days 1–21, 
prednisone 1.5  mg/kg days 1–4) and with CPR (cyclophosphamide 50  mg days 
1–21, lenalidomide 25 mg days 1–21, prednisone 1.5 mg/kg days 1–4). Six hundred 
and sixty patients were enrolled, and 38% were older than 75 years. The ORR and 
VGPR were quite similar, and the three regimens induced comparable median PFS 
(21, 24, 20 months, respectively) and 4-year OS (58%, 65%, 68%, respectively). No 
differences were found between patients aged ≤75 and >75 years. However, severe 
hematological toxicity, infections, and lenalidomide and melphalan reduction and 
therapy discontinuation were significantly higher in the MPR arm. The IMWG 
frailty score was retrospectively applied, and 28% of patients were classified as 
frail. However, there were no differences between fit and frail patients regarding 
PFS, whereas OS was significantly longer in fit patients.

In the randomized phase IIIb Upfront trial [32], the authors prospectively com-
pared bortezomib-dexamethasone (VD), bortezomib-thalidomide-dexamethasone 
(VTD), and VMP followed by bortezomib consolidation as frontline therapy in 502 
transplant-ineligible patients in a community-based setting. Almost 50% of patients 
had at least one comorbidity, 42% were ≥75 years old, and 18% aged ≥80 years. 
VD doublet therapy showed to be as effective as VTD and VMP (CR/nCR: 30%, 
40%, 32%, respectively) but less toxic and associated with lower discontinuation 
rate. With a median follow-up of 42.7 months, the median PFS was 14.7, 15.4, and 
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17.3 months, respectively. Notably, similar results were observed in terms of OS 
among the three regimens (global P = 0.79).

3.2.4  Adapted Therapies in Older Patients

Few studies addressed the issue of adapted therapy in elderly patients. A phase II 
trial [33] assessed the combination MPR in 46 unfit elderly myeloma patients 
(median age 75 years). They received four cycles of lenalidomide and prednisone 
every 4 weeks, followed by six cycles of MPR consolidation cycles and mainte-
nance with lenalidomide plus prednisone. The PR rate was 80%, including 29% of 
patients with at least a VGPR. The median PFS and 2-year OS rate was 18.4 months 
and 80%, respectively. At the maximum tolerated dose during the consolidation 
(melphalan 25 mg/month and lenalidomide 10 mg/day), the major hematologic tox-
icity was neutropenia (36.4% grade 3–4), and non-hematologic toxicities included 
cutaneous reactions (18%) and infections (12%).

In a phase III randomized study [34], VMP was compared with bortezomib- 
prednisone (VP) and with bortezomib-cyclophosphamide-prednisone (VCP) in an 
older population of naïve MM. Median age was 77 years, and 66% of patients were 
frail according to IMWG frailty score. Bortezomib was administered subcutane-
ously at 1.3 mg/m2 weekly, whereas melphalan (2 mg), cyclophosphamide (50 mg), 
and prednisone (25 mg) were given three times a week. All regimens were adminis-
tered for nine 28-day courses followed by bortezomib every 2 weeks as maintenance 
therapy. Response rate was similar among the three regimens (86% for VMP vs. 
64% vs. 67% for VP and VCP, respectively), including in frail patients. The median 
PFS and OS were similar among the three groups of patients as well. However, 
grade 3–5 non-hematologic adverse events, particularly infections and cardiac 
events, were more frequent in patients receiving VMP.  A subgroup analysis by 
frailty showed that 44% frail patients vs. 39% unfit and 30% fit patients developed 
at least one grade 3 or higher non-hematologic adverse event, leading to treatment 
discontinuation in 26% vs. 21% and 11% of patients, respectively. Moreover frail 
patients had a significantly shorter OS if compared with fit ones (HR 5.57; p = 0.019).

3.3  Stratification by Disease-Related Characteristics

Multiple myeloma is a malignancy characterized by large clinical and biological 
heterogeneity translating into variable responses to treatment and different survival 
outcomes. Increased therapeutic armamentarium and more effective regimens have 
led to a better outcome in elderly MM patients, and a further increase in approved 
therapeutic agents is expected in the coming years. However, considering that a 
universal approach that is successful in all patients is unlikely to be found due to the 
high patient heterogeneity, an adequate prognostication to dissect such heterogene-
ity and to allow a rational choice of treatment is crucial. Several disease-related 
markers are used today for risk stratification, and they are associated with the 

M. Offidani et al.



43

biological characteristics of myeloma as cytogenetic and disease burden and with 
the responsiveness to treatment. Hopefully, biology-based personalized therapy will 
be available in the future.

3.3.1  Cytogenetic Abnormalities

Most studies on the incidence of chromosomal abnormalities and their prognostic 
role in MM have been performed in young patients [35, 36] who underwent ASCT, 
and results are controversial [37]. However, according to IMWG recommendations 
the term “high risk” should be used in the presence of either del(4;14) or del(17p) 
detected by FISH, “low risk” in the absence of del(4;14), del(17p), and gain 1q, 
whereas the term “standard risk” should be adopted for all the remaining patients. 
Some studies focused on genetic aberrations and their impact on outcome in elderly 
MM patients. One study [38] found a different distribution of cytogenetic features 
between patients aged ≤61 and ≥62 years (p = 0.02) with hyperdiploidy being more 
common in older patients. A retrospective analysis of a large cohort of the French 
Intergroupe Francophone du Myelome (IFM) [39] including 1890 patients (median 
age 72 years, range 66–94 years) assessed the incidence and clinical significance of 
chromosomal abnormalities in two groups of patients, those aged 66 to 75 years and 
those older than 75 years. The incidence of del(13) and t(4;14) was significantly 
lower in the older population. This was confirmed when the comparison included 
not only the cohort of patients aged between 66 and 75  years, but also patients 
younger than 66 years in whom del(13) incidence was 45% vs. 43.6% vs. 37% in 
the two older groups (p = 0.004), whereas t(4;14) was detected in 14.3%, 10.9%, 
and 8.3% (p < 0.001). In contrast, the incidence of del(17p) was stable within the 
three groups (6%, 5.9%, and 6.1%, respectively; p = NS). Most patients were treated 
with MPT (40%), and the remaining received MP (22%), VMP (8%), Rd (11%), 
and high/intermediate-dose melphalan (19%). Independently of the treatment 
administered, t(4;14) and del(17p) were predictors of shorter PFS and OS.  The 
median PFS for patients who had t(4;14) and del(17p) was 14 (p  <  0.001) and 
11 months (p < 0.001), respectively, compared with 24 months for patients who did 
not have such abnormalities. The respective median OS was 32 (p < 0.001) and 
19 months (p < 0.001) as compared with 50 months. Moreover, the results were 
similar in elderly and very elderly subgroups. This study demonstrated that in 
elderly patients, these two chromosomal abnormalities retained the same prognostic 
value as for younger subjects. In a recent analysis [40] examining a large series of 
elderly patients with newly diagnosed MM enrolled in a phase III trial comparing 
VMPT-VT with VMP, the incidence of chromosome 1 aberrations, defined as 
del(1p) and/or gain(1q), was 50.7%. Multivariate logistic regression analysis per-
formed to evaluate protective/risk factors for the presence of abnormal chromosome 
1 identified del(13) (OR = 1.8; p = 0.074) and t(4;14)/t(14;16) (OR = 2.06; p = 0.051) 
to be independent risk factors of borderline significance, while t(11;14) emerged as 
having a strong protective role (OR = 0.15; p = 0.001). Moreover, abnormal chro-
mosome 1 was an adverse prognostic factor for both PFS and OS.
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The capability of novel agents such as thalidomide, bortezomib, and lenalido-
mide to overcome the poor prognostic impact of high-risk cytogenetics was retro-
spectively explored. In the MRC IX trial [41], there was a possible emergence of a 
late-survival benefit favoring attenuated cyclophosphamide-thalidomide- 
dexamethasone (CTDa) regimen over MP in patients with unfavorable FISH profile 
defined as gain(1q), t(4;14), t(14;20), t(14;16), and del(17p). However, in these 
high-risk patients, thalidomide maintenance was found to have a negative effect on 
OS (median 35 vs. 47 months; p = 0.01). In the Italian phase III trial [42] comparing 
VMPT-VT with VMP, the outcome of high-risk patients, defined by the presence of 
t(4;14  t(14;16) or del(17p), was similar in those receiving VMPT-VT or VMP, 
whereas the outcome of standard-risk patients was superior with VMPT-VT. However, 
a retrospective analysis of patients enrolled in this trial [40] showed that thalido-
mide, even if combined with bortezomib, exerts a negative effect on OS in patients 
with del(17p) as well as in those with abnormal chromosome 1.

In the VISTA trial [43], VMP showed to overcome the adverse prognosis of high- 
risk cytogenetics since no significant differences were documented between stan-
dard- and high-risk patients in terms of 3-year OS, which was 71% in the former 
and 56% in the latter group (HR 1.346; p = 0.399). Nevertheless, due to the small 
number of patients with unfavorable cytogenetics as t(4;14), t(14;16) and del(17p) 
(n = 26) treated with VMP, no definitive conclusions can be drawn about the impact 
of bortezomib on high-risk cytogenetic features. Different results were reported in 
another study by the Spanish group [44] in which patients 65 years of age and older 
were randomized to receive induction with VMP or VTP and, subsequently, after six 
cycles, were randomized again to maintenance therapy with VP or VT. Although the 
response rate after induction was similar in the standard- and high-risk subgroups of 
patients, after a median follow-up of 32 months, high-risk patients had a signifi-
cantly shorter PFS compared with standard-risk patients (median 24  months vs. 
32 months; HR 1.5; p = 0.04) translating into a worse OS (3-year OS: 55% vs. 77%; 
HR 2.3; p = 0.001). Moreover, non-hyperdiploidy patients had a significantly shorter 
OS compared with hyperdiploidy cases (3-year OS: 63% vs. 77%; p = 0.04), and the 
negative impact of non-hyperdiploidy features resulted more evident in patients 
receiving VTP as induction suggesting a favorable effect of alkylating included in 
VMP combination.

Data regarding the impact of cytogenetics with lenalidomide treatment can be 
drawn from the FIRST trial [29] in which 1623 patients ineligible for autologous 
stem cell transplantation (ASCT) were randomized to Rd continuously, Rd for 
18 cycles, or MPT. In a subgroup analysis presented at the 2015 ASH meeting [45], 
Rd continuously resulted in a 28% reduced risk of death versus MPT overall and 
34% reduced risk in patients without high-risk cytogenetics; the 3-year OS of 
patients treated with Rd continuously was 40.7% in high risk vs. 77% in not high- 
risk patients. Similarly, the 3-year PFS was 3% in high-risk patients receiving con-
tinuous Rd and MPT compared with 45% and 25.5% in not high-risk patients treated 
with continuous Rd and MPT, respectively.

Recently, among 240 newly diagnosed patients treated upfront with Rd [46], a 
cohort of 33 exceptional responders was identified, and they were characterized by 
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a trisomic form of MM. In a retrospective analysis including 484 patients of all ages 
with newly diagnosed MM by Kumar et al. [47], trisomy of at least one of the odd- 
numbered chromosome (3, 7, 9, 11, 13, 15, or 17) was observed in 57% of patients. 
Forty-eight percent of them had trisomy of at least two of the odd-numbered chro-
mosomes which is conventionally termed as hyperdiploidy.

In summary, in elderly MM patients, bortezomib appears to be able to overcome 
the poor prognosis conferred by t(4;14) and t(14;16) but not that related associated 
with del(17p) and chromosome 1 aberrations; whereas the benefit of lenalidomide 
plus dexamethasone seems to be questionable in patients with high-risk cytogenetic 
features. Second-generation proteasome inhibitors such as carfilzomib and ixazomib, 
novel immunomodulatory agents such as pomalidomide, and monoclonal antibodies 
like elotuzumab and daratumumab have been evaluated; preliminary data of carfilzo-
mib combined with cyclophosphamide and dexamethasone (CCyd) in newly diag-
nosed MM ≥ 65 years of age showed a slightly higher risk of progression in patients 
with high-risk chromosomal abnormalities (HR 1.85; 95%CI, 0.59–5.85) [24].

3.3.2  Combined International Staging System and FISH/Gene- 
Expression Profiling Classifiers

The International Staging System (ISS) is based on easy-to-use variables, namely, 
serum β2-microglobulin and albumin, and represents a major advance in the prog-
nostic stratification. Although in the large international data set used to build this 
model, patients aged over 65 years had poorer survival than younger patients; ISS 
demonstrated its applicability also in the older population [48]. However, this stag-
ing system has two major limitations: it was developed in the old drugs era, and it 
does not incorporate cytogenetic or molecular features.

The prognostic assessment can be improved in terms of PFS and OS by combin-
ing both t(4;14) and del(17p) detected by FISH analysis along with ISS stage [49]. 
In the ISS-FISH model, there was a clear impact of age when patients were stratified 
into younger than 65 years and older than that. OS was longer in patients under the 
age of 65 years, with ISS stage I or II, no t(4;14) nor del(17p), with a 4-year OS 
estimate of 75%; whereas outcome was poorer in patients ≥65 years with ISS stage 
III with either t(4;14) or del(17p), showing a 4-year OS estimate of 24%. However, 
no patients included in this retrospective study received bortezomib or lenalidomide 
as frontline treatment.

A new staging system including ISS, chromosomal abnormalities (CA), and 
serum lactate dehydrogenase (LDH) (R-ISS) has been recently published [50]. This 
new risk-stratification model has been developed in a large sample size of 3060 
patients including both young and elderly patients, and, in contrast with abovemen-
tioned studies, all patients were treated with new drugs such as immunomodulatory 
agents or proteasome inhibitors in association with conventional chemotherapy. 
Subgroup analyses for PFS and OS confirmed the prognostic role of R-ISS in 
patients younger and older than 65 years. Patients aged over 65 years with R-ISS III 
(ISS III, high-risk CA defined as the presence of del(17p) and/or t(4;14) and/or 
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t(14;16) detected by FISH and/or high LDH level) had a median OS of 42 months 
compared with not reached in patients with R-ISS I (ISS I, no high-risk CA and 
normal LDH). Moreover, R-ISS retained its prognostic significance regardless of 
treatment administered upfront.

Recently, different risk groups have been identified by using gene-expression 
profiling (GEP). The University of Arkansas for Medical Science (UAMS) [51] 
conducted a study in a population of MM patients including those older than 
65 years and found a set of 70 genes able to identify patients at high risk for 
early disease-related death, representing a 14% of the patient population. A mul-
tivariate discriminant analysis found that among the 70 original genes, 17 probe 
sets could be used to detect high-risk MM patients having a median OS of 
3  years. Using GEPs obtained from newly diagnosed patients enrolled in the 
HOVON65/GMMG-HD4 trial, Kuiper et al. [52] built a prognostic signature of 
92 genes (EMC92) whose performance was confirmed in four independent vali-
dation data sets including MRC-IX data from both transplant-eligible and -ineli-
gible patients. In the transplant-ineligible setting, patients defined as high risk 
by the EMC92-gene signature showed a median OS of 18.6 months compared 
with 33.3  months in standard- risk patients (HR  =  2.38). ISS combined with 
EMC92 [53] allowed the stratification of patients ≥65  years into four risk 
groups, with a survival at 72 months of 0 for the highest risk group, 28% for the 
intermediate-high risk, 32% for the intermediate-low risk, and 69% for the low-
est risk group.

3.3.3  Flow Cytometric Markers

The prognostic role of flow cytometric biomarkers in MM at diagnosis has not 
been clarified yet. In a prospective study by PETHEMA/GEM group evaluating 
the prognostic impact of several antigenic markers assessed by multiparameter 
flow cytometry (MFC) in transplant-eligible patients, the expression of both 
CD19 and CD28 as well as the absence of CD117 was associated with a signifi-
cantly shorter PFS and OS [54]. Another Spanish prospective study [55] analyzed 
CD81 expression by MFC in myelomatous plasma cells from 230 MM patients 
included in the GEM05 > 65 years trial and detected the presence of CD81+ in 
approximately half of myeloma patients. CD81 expression was an independent 
prognostic factor for PFS (HR  =  1.9; p  =  0.003) and OS (HR  =  2; p  =  0.02). 
Particularly, elderly MM patients CD81+ had a median PFS of 21 months com-
pared with 37 months in patients CD81- (p < 0.001), and a similar picture was 
observed for the 3-year OS in positive vs. negative CD81 patients (63% vs. 66%; 
p = 0.007). In a retrospective analysis of elderly patients enrolled in a phase III 
trial comparing VMPT-VT vs. VMP, a CD19+/CD117- bone marrow plasma cell 
immunophenotype was associated with a shorter OS but not a shorter PFS. By 
performing a separate analysis in the two therapeutic arms, this combination of 
antigens only had a negative impact in the VMP arm, suggesting a possible role 
of thalidomide in overcoming this adverse impact [40]. Finally, the number of 
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clonal circulating plasma cells (cPCs) detected by MFC was found to be an inde-
pendent prognostic factor in newly diagnosed MM patients treated with novel 
agents. In patients older than 65 years with a number of cPCs higher than 400, the 
median OS was 32 months, whereas it was not reached in those with cPSs less 
than 400 (p = 0.021) [56].

3.4  Response to Treatments and Minimal Residual Disease

In the new drug era, the achievement of the best response, which is a CR or even 
better, sCR has become an attainable goal in elderly MM patients [10, 14–16]. The 
impact of CR on long-term outcome observed in transplant-eligible MM patients 
[57, 58] was confirmed in elderly population receiving MP and novel agents [8]. A 
total of 1175 patients ≥65 years old were retrospectively analyzed to compare PFS 
and OS of CR patients receiving MP, MPT, VMP, or VMPT-VT with those whose 
best response was VGPR or PR. After a median follow-up of 29 months, patients 
who obtained the 3-year PFS were 67% in CR vs. 27% in VGPR patients (HR = 0.16; 
p < 0.001); the respective 3-year OS was 91% vs. 70% (HR 0.15; p < 0.001). Similar 
results were observed in patients older than 75 years. In multivariate analysis the 
achievement of a CR was the variable most strongly associated with significantly 
prolonged OS compared with VGPR (HR = 0.25; p = 0.001) and PR (HR = 0.16; 
p < 0.001). The addition of bortezomib or bortezomib plus thalidomide to MP was 
associated with longer OS as well, while the addition of thalidomide only was not. 
The significant increase in high-quality response rates obtained with novel agents 
has not been accompanied by the introduction of more sensitive methods for 
response assessment in clinical practice. The deeper level of response is currently 
defined by sCR requiring CR criteria plus normalization of free light chains ratio 
and the absence of clonal cells in bone marrow by immunohistochemistry and/or 
immunofluorescence [59]. However, recent studies suggest that immunophenotypic 
response assessed by MCF may represent a more accurate surrogate marker of out-
come compared with conventional CR or sCR [60, 61]. This issue was confirmed in 
older patients included in the GEM05 > 65 years trial, receiving six induction cycles 
of VMP or VTP [62]. Immunophenotypic response after induction was detected in 
30% of patients, and it translated into a significantly increased PFS and time to 
progression (TTP) compared with those in CR or sCR. In a multivariate Cox regres-
sion analysis for PFS, only immunophenotypic response after induction retained its 
prognostic value (RR 4.1; p = 0.01). A recent study [63] evaluated minimal residual 
disease (MRD) using an eight-color second-generation flow assay in 163 elderly 
MM patients randomized to nine VMP cycles followed by nine Rd cycles or to 
alternating cycles of VMP and Rd up to 18 cycles. Patients attaining MRD negativ-
ity at cycle nine showed a significantly prolonged TTP (median not reached vs. 
35 months; p = 0.001) as compared to patients with persistent MRD. Similarly, the 
3-year OS was 100% in patients MRD- and 72% in MRD+ patients (p = 0.02). Of 
note, the impact of attaining MRD negativity was irrespective of cytogenetic risk 
and age of patients.
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3.5  Stratification by Host Factors

Age certainly still represents one of the main prognostic factors for survival in MM 
patients in the era of novel agents. A recent meta-analysis performed in 1435 
patients with newly diagnosed MM treated with thalidomide- or bortezomib-based 
therapy demonstrated that patients aged 75 years or more had a significantly lower 
3-year OS rate compared with younger subjects [64]. In addition, in a retrospective 
Greek analysis, octogenarians had significantly lower response rate, PFS, and OS 
and a higher 2-month mortality rate compared with patients aged 65 years or less 
[65]. Population-based studies suggest a marginal improvement in 10-year relative 
survival rate in patients aged more than 70 years also after the introduction of novel 
agents [3, 6, 66]. Nevertheless, older patients treated since 2010 seem to benefit 
more from latest therapeutic strategies as compared with younger subjects [67]. 
Subgroup analyses of the major, recent studies such as the VISTA [10, 43] and the 
FIRST trials [29, 30] or the MP vs. MPT meta-analysis [9] demonstrated that mod-
ern therapy was superior to the ancient one also in patients aged 75 years or more. 
On the contrary, in other trials such as MPR-R vs. MPR vs. MP [19] or VMP vs. 
VMPT-VP [15, 42], more intensive therapies did not show an advantage in older 
patients. A meta-analysis of four randomized trials including 1435 elderly patients 
with MM [64] demonstrated that age > 75 years, renal failure and developments of 
infections and cardiac and gastrointestinal complications leading to therapy discon-
tinuation during the first 6 months of therapy were predictive of early mortality. This 
suggested the use of adapted therapy in those patients. Finally, high-dose melphalan 
followed by autotransplant has been successfully used for treating patients with 
MM aged 75 years and higher, although toxicity and mortality were higher [42, 
68–70]. Although many elderly MM patients can tolerate such an intensive approach, 
at least one third of them experience severe adverse events leading to reduction and 
interruption of early treatment-related death. Defining which elderly patients may 
be able to tolerate and benefit from intensive therapy has been one of the main chal-
lenges in the MM research in the last few years.

The first attempt to build a frailty score and better define patients, beyond age, 
was made in a population-based MM registry study including 266 patients [71]. By 
performing univariate and multivariate analyses of classical prognostic factors of 
disease in conjunction with host factors such as age, performance status (PS), and 
comorbidity according to Charlson index, with therapy as a function of survival, 
only PS and comorbidity were in fact found to be related with OS in patients over 
65 years. A “vulnerability score” was built using these variables: patients having 
both poor PS and high Charlson comorbidity index had a significantly shorter sur-
vival compared with those who had one or none of these adverse factors, regardless 
of therapy. That study allowed for the first time to distinguish between patients who 
could really benefit from effective therapy since their outcome depended on disease 
biology and patients whose outcome depended on host factors and thus for whom 
treatment should be tailored in order to minimize toxicity and mortality.

The Freiburg group conducted an analysis on 127 patients with MM aiming to 
develop a so-called Freiburg Comorbidity Index (FCI) based on Karnofsky PS and 
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renal and lung disease status. This index was subsequently validated in an indepen-
dent cohort of 466 patients, where it maintained its predictive roles in terms of sur-
vival. Together with ISS, this index allowed to stratify patients into low, intermediate, 
and high risk for mortality, consequently providing a valid guide to clinicians for 
personalized therapy [72]. The prognostic value of FCI on survival was recently 
confirmed by an Asian group in a retrospective study analyzing 127 elderly patients 
with MM [73].

However, PS often masked some geriatric impairment, and comorbidity did not 
completely explain the outcomes of elderly patients [74–76]. Therefore, a compre-
hensive geriatric assessment (CGA) including somatic, functional, and psychoso-
cial domains was recommended before planning treatment for elderly cancer 
patients since 2005 [77]. Since then, this approach has been applied in several stud-
ies including patients with hematological malignancies. A recent systematic review 
of these relevant studies [78] showed that the majority of the domains considered in 
the geriatric assessment had a stronger predictive power for several clinical out-
comes, mortality, toxicity, and therapy interruption as compared with age or 
PS. However, this study failed to draw any general recommendations on the best 
geriatric domains to use in clinical practice due to heterogeneity on patient popula-
tions, study designs, treatment regimens, types of geriatric assessment, and reported 
outcomes of selected studies. Moreover, a CGA is time consuming to be applied in 
everyday clinical practice. Therefore, in MM, a simplified geriatric assessment was 
chosen including patient’s cognitive (Lawton’s IADL: Instrumental Activities of 
Daily Living) and functional status and disability (Katz ADL: Activity Daily Living) 
[79]. These variables, together with age, PS, and comorbidity, were taken into con-
sideration to build frailty scores.

Bila and coauthors [80] analyzed the effect of comorbidity according to Charlson 
index and IADL in 110 patients with MM aged more than 65 years. Patients with an 
age-adjusted CCI score ≥ 5 plus an IADL score < 3 had a significantly shorter sur-
vival; thus these parameters may be used to effectively personalize treatment.

However, the most comprehensive approach to frailty was proposed by the 
International Myeloma Working Group [81]. The IMWG evaluated 869 elderly MM 
patients included in three prospective trials [24, 31, 34] and analyzed age, PS, renal 
insufficiency, geriatric domains such as ADL and IADL, and Charlson comorbidity 
index (CCI) to provide a scoring system of frailty, predictive of clinical outcome 
and toxicity (Fig. 3.1). These variables were adjusted for ISS, cytogenetic, and ther-
apy. That study found that age 75–80 and >80  years, CCI ≥  2, ADL ≤  4, and 
IADL ≤ 5 were significantly related to OS. Using the integer part of HR of these 
variables, a frailty score was calculated, and three groups of patients were identi-
fied: fit patients (39%, score 0), unfit patients (31%, score 1), and frail patients 
(30%, score ≥ 2). This frailty score was predictive for OS, PFS, cumulative inci-
dence of non-hematological toxicity, and therapy discontinuation, whereas it was 
not for hematological toxicity. When this frailty score was adjusted for ISS stage, 
ISS retained its significance in each group of patients (fit, unfit, and frail) allowing 
to split patients in six categories with different OS (Table 3.1). Although this study 
has some limitations such as the retrospective design, the presence of patients 
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exclusively enrolled in trials, the absence of an external cohort useful for data vali-
dation, and the absence of a prospective validation study (that is ongoing), it is 
today the best tool to personalize therapy in elderly patients with MM.  How to 
implement this tool in clinical practice remains to be defined.

Activities of Daily Living (ADL) and Instrumental Activities
of Daily Living (IADL) 

0-1

Score ADL IADL

Bathing (tub bath, shower, sponge bath)

Dressing (taking clothes from the
wardrobe/drawers and getting dressed)

Toileting (going to the toilet room, using
toilet, arranging clothes)

Transferring

Continence

Feeding

–

–

Ability to use the telephone

Shopping

Food preparation

Housekeeping

Laundry

Mode of transportation

Responsibility for own
medications

Ability to handle finances

0-1

0-1

0-1

0-1

0-1

0-1

0-1

Charlson Comorbidity Index

1

Weight Clinical condition

2

3

6

Myocardial infarction
Congestive cardiac insufficiency
Peripheral vascular disease
Dementia
Cerebrovascular disease
Chronic pulmonary disease
Conjunctive tissue disease
Slight diabetes, without complications
Ulcers
Chronic diseases of the liver or cirrhosis

Hemiplegia
Moderate or severe kidney disease
Diabetes with complications
Tumors
Laukaemia
Lymphoma

Moderate or severe liver disease

Malignant tumor, metastasis
Aids

Fig. 3.1 Models Assessing Frailty in Multiple Myeloma
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In addition, the frailty score can be calculated through the website www.myelo-
mafrailtyscorecalculator.net allowing to know quickly the score of a patient and 
thus can be easily used in the daily clinical practice.

After appropriately stratifying patients and determining their prognosis, some 
crucial issues remain to be addressed. It has been suggested that this score should be 
used to adapt the dose of single drugs as described in Table 3.2. Nevertheless, two 
studies already demonstrated that high-dose dexamethasone is detrimental in elderly 
patients treated with thalidomide-dexamethasone [82] or lenalidomide- 
dexamethasone [83]. Moreover, peripheral neuropathy induced by bortezomib is 
not age or frailty dependent [84]. Once weekly and subcutaneously administration 
is now routinely used in clinical practice in elderly patients. Lenalidomide and mel-
phalan, adjusted for renal function and blood count, are well tolerated also in very 
elderly patients since their hematological toxicity is not frailty dependent [81]. The 
major issue is not the single drugs per se or their dose but rather in which combina-
tions the drug is used. Several studies demonstrated that two-drug combinations 
such as lenalidomide-dexamethasone or bortezomib-dexamethasone produce the 
same outcomes compared with three-drug combinations (adding alkylators or 

Table 3.2 Dose adjustment according to frailty score

Prednisone 2 mg/kg day 1–4 of a 
4–6 week cycles

1 mg/kg day 1–4 of a 
4–6 week cycles

0.3 mg/kg day 1–4 of a 
4–6 week cycles

60 mg/m2 day 1–4 of a 
6 week cycle

300 mg/m2 day 1–4 of a 
6 week cycle

10 mg/m2 day 1–4 of a 
6 week cycle

Dexamethasone 40 mg day 1, 8, 15, 22 
of a 28-day cycle

20 mg day 1, 8, 15, 22 
of a 28-day cycle

10 mg day 1, 8, 15, 22 
of a 28-day cycle

Melphalan 0.25 mg/kg day 1–4 of 
a 4–6 week cycle

0.18 mg/kg day 1–4 of 
a 4–6 week cycle

0.13 mg/kg day 1–4 of 
a 4–6 week cycle

9 mg/m2 day 1–4 of a 
6 week cycle

7.5 mg/m2 day 1–4 of a 
6 week cycle

5 mg/m2 day 1–4 of a 
6 week cycle

Thalidomide 100–200 mg/day 50–100 mg/day 50 mg qod-50 mg/day
Lenalidomide 25 mg day 1–21 15 mg day 1–21 10 mg day 1–21

of a 28-day cycle of a 28-day cycle of a 28-day cycle
Bortezomib 1.3 mg/m2 twice 

weekly day 1, 4, 8, 11 
every 3 weeks

1.3 mg/m2 once weekly 
day 1, 8, 15, 22 every 
5 weeks

1.0 mg/m2 once weekly 
day 1, 8, 15, 22 every 
5 weeks

Table 3.3 Treatment algorithm for elderly MM patients

Fit Intermediate Frail
Score 0 1 ≥2
Dose Full Escalateda Reduced
Treatment Consider ASCT Best available Palliative careb

Best available standard therapy Standard therapy Rd
aSee text
bPreferable in high-risk patients

M. Offidani et al.
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thalidomide) in elderly patient with MM [31, 32, 34]. Therefore, the frailty score 
should be considered also to select the most suitable regimen for each category of 
patients, as suggested in Table 3.3.

It is widely accepted that the treatment of fit patients may consist of intermedi-
ate-/high-dose melphalan followed by autologous stem cell transplantation in 
patients up to 70 years, or alternatively patients may receive the best available stan-
dard therapy in each country particularly in patients with ISS stages II–III (~25%) 
in whom the 3-year OS was at least 20% lower than that of patients with ISS stage 
I (95% vs. 77%, respectively).

Regarding frail patients, regimens containing adjusted dose of novel drugs or 
palliative therapy should be adopted. Further evidence is needed to choose which 
one of these two approaches should be used. Frail patients with high-risk disease by 
ISS stage (~10%) had the worst outcome (3-year OS = 55%, i.e., very similar to that 
obtained before novel drugs), and palliative therapy is a sensible strategy in these 
patients. On the contrary, in low-risk patients (~20%), disease control may be 
obtained through adapted doses of lenalidomide-dexamethasone, because this regi-
men showed to be very well tolerated also in older patients (FIRST) and may induce 
better results compared with palliative therapy. In this context, adequate and prompt 
supportive care to prevent infections, thromboembolism, and cardiac events is 
mandatory.

The real challenge is the selection of therapy in the intermediate-fitness group (or 
unfit) that represents approximately one third of patients. The 3-year OS and rate of 
discontinuation in unfit group (76% and 21%, respectively) seem to be closer to 
those of fit patients (84% and 16%, respectively) compared to those of frail ones 
(57% and 31%, respectively). Moreover, PFS and incidence of severe adverse events 
were not significantly different between unfit and fit patients. The dose intensity of 
novel agents that nearly 70% of intermediate-fitness patients were able to receive 
(80%) is closer to that fit patients rather than frail ones. There was no difference in 
terms of 3-year OS between unfit patients with ISS stages I–II and those with ISS 
stage III, and the forest plot for the risk of death comparing intermediate-fitness 
group and fit group by ISS, cytogenetic, therapy (bortezomib vs. lenalidomide), and 
regimen (doublet vs. triplet) did not show any significant difference among sub-
groups. In summary, in the intermediate-fitness group, the probability of undertreat-
ment was much higher than the probability of overtreatment, as only less than one 
third of these patients are unsuitable to receive full-dose therapy. Such patients who 
are unsuitable for high-dose strategies are quite similar to frail subject. Nevertheless, 
there are no appropriate tools today to better distinguish them from intermediate- 
fitness patients who can tolerate full doses and who are more similar to fit patients. 
Thus, in the intermediate-fitness group, an approach with escalation of best avail-
able therapy combined with proper supportive care may be suitable. Further studies 
are urgently needed to minimize the size of the intermediate-fitness group.

 Conclusions

The number of elderly patients with MM is expected to substantially increase in 
the next two decades. Novel agents now available and those under investigation 

3 Risk Stratification in Newly Diagnosed Transplant Ineligible Multiple Myeloma



54

have a remarkable potential to improve the outcome of elderly patients with 
MM. The chance to exploit this potential will mostly depend on how physicians 
will use these drugs.

Personalize therapy is clearly more and more needed, and it should be based 
no longer on age or PS only but on a more comprehensive evaluation of health, 
functional, and cognitive status of elderly patients. This is now possible by using 
frailty score as recommended by the IMWG. However, studies comparing differ-
ent strategies in groups of defined by the frailty score are scant or lacking. We 
urgently need these studies to appropriately use the available regimens and those 
that will soon be approved. We also need to reduce the “intermediate” group, 
where uncertainty in outcome—and thus treatment—is still a concern. Biological 
markers of frailty may help us to have more robust predictive variables of toxic-
ity useful for future precision medicine.

Biological characteristics and markers of tumor burden further help us to select 
therapy in some categories of elderly patients, although prospective studies in this 
field are lacking. Results of retrospective studies showed that, in elderly patients, 
no drug or combination is really able to overcome the poor prognosis associated 
with an unfavorable ISS stage, cytogenetic profile, or R-ISS stage.

As appropriate studies evaluating adjusted therapies are not available yet, 
physicians may adapt therapy according to suggestions of IMWG, by taking into 
account the specific treatment goals, as well as needs and preferences of patients.

Immunotherapy shows to be highly tolerated and effective; therefore it may 
represent the next step in the treatment of MM patients.
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4Treatment of t(4;14) and del(17p) 
in Multiple Myeloma

Pieter Sonneveld

4.1  Introduction

Multiple myeloma (MM) is a proliferation of monoclonal plasma cells which pro-
duce a monoclonal protein [1]. In general indications for treatment are based on the 
presence of organ damage, specifically hypercalcemia, renal impairment, anemia, 
or lytic bone lesions. More recently markers of active disease were identified that 
indicate a need for treatment, i.e., an involved/uninvolved serum free light chain 
ratio ≥ 100, bone marrow plasma cells ≥60%, or >1 lesion on MRI [2].

MM is associated with chromosomal instability, and cytogenetic abnormalities 
(CA) may have a critical impact on prognosis [1–4]. Response to treatment and 
survival of newly diagnosed MM (NDMM) varies from 2 to >10 years, depending 
on risk factors, age, transplant eligibility, and access to treatment. In this chapter we 
will discuss the biological background and potential impact of high-risk (HR) CA, 
specifically t(4;14) and del(17p), and provide recommendations for treatment of 
these high-risk NDMM patients. Parts of this chapter were previously published in 
a consensus guideline of the International Myeloma Working Group [5].

This chapter was partly published before as: Sonneveld P, Avet-Loiseau H, Lonial S, Usmani S, 
Siegel D, Anderson KC, Chng WJ, Moreau P, Attal M, Kyle RA, Caers J, Hillengass J, San Miguel 
J, van de Donk NW, Einsele H, Bladé J, Durie BG, Goldschmidt H, Mateos MV, Palumbo A, 
Orlowski R.  Treatment of multiple myeloma with high-risk cytogenetics: a consensus of the 
International Myeloma Working Group. Blood. 2016 Jun 16;127(24):2955–62. doi: 10.1182/
blood-2016-01-631200. Epub 2016 Mar 21. PMID:27002115.
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4.2  Diagnostic Procedures to Detect t(4;14) and del(17p)

4.2.1  Conventional Karyotyping

Conventional karyotyping is performed on metaphase cells. Unlike acute leukemia, 
the majority of myeloma plasma cells do not proliferate. Therefore, this technique 
reveals CA in only 20–30% of patients, the majority of which are numerical abnor-
malities. Several translocations including t(4;14) cannot be detected by this tech-
nique. The normal karyotype in patients with a low proliferation index corresponds 
to the kinetics of normal bone marrow cells, while plasma cells usually have a low 
proliferation. However, when an abnormal karyotype is detected, it has an unfavor-
able impact as was demonstrated for del(13q) [6]. Since more sensitive techniques 
have become available such as interphase fluorescence in situ hybridization (FISH) 
and single-nucleotide polymorphisms (SNP) arrays that detect CA in nearly all 
MM, karyotyping is no longer a routine test.

4.2.2  Fluorescence In Situ Hybridization (FISH)

FISH is performed in interphase cells, thereby overcoming the problem of low 
tumor cell proliferation rate in classical karyotyping. Pretest purification of CD138 
expressing plasma cells is required, or dual staining for cytoplasmic Ig and FISH 
should be performed. Currently FISH is the standard technique for analysis of CA 
in myeloma. Samples are usually screened for CA, which occur in >1% of patients. 
FISH is a practical cytogenetic tool to detect t(4;14) and del(17p) for routine diag-
nosis. It does not detect single-nucleotide variants [7]. TP53 on chromosome 17p is 
deleted in 7% of myeloma, yet mutated at a much higher frequency based on exome 
sequencing. Knowing these restrictions, FISH testing in clinical trials may include 
gain(1q), del(1p), t(4;14)(p16;q32), t(14;16(q32;q23), del(17p13), and a marker for 
aneuploidy (Table  4.1). For routine diagnostic testing, t(4;14) and del(17p13) 
suffice.

4.2.3  Single-Nucleotide Polymorphisms (SNP)-Based Mapping 
Arrays

High-resolution genome-wide analysis of single-nucleotide polymorphisms detects 
regions with loss of heterozygosity and numerical abnormalities. SNP mapping 
arrays identify copy number variations (CNVs) [8]. Translocations are not routinely 
detected and will require additional FISH.

4.2.4  Comparative Genomic Hybridization (CGH)

Array-based comparative genomic hybridization (aCGH) is a tool for genome-wide 
classification of CNVs, which primarily detects numerical abnormalities. Using 
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CGH or SNP arrays, chromosomal changes can be observed in 90% of myeloma 
patients [9].

4.2.5  Gene Expression Profiling (GEP)

GEP is a technique to identify expression of genes and pathways. Based on RNA 
expression using microarrays, subgroups of patients are identified with a unique 
GEP phenotype which partly corresponds to the TC classification [10]. GEP can be 
used to identify high-risk profiles with significant prognostic significance [11].

4.3  High-Risk CA

4.3.1  IgH Translocations: t(4;14)

MM chromosome translocations involving the immunoglobulin heavy chain (IgH) 
locus on chromosome 14 and hyperdiploidy with multiple copies of odd-numbered 
chromosomes are considered primary events (Table 4.1) [12]. IgH translocations are 
observed in 40% of patients. Frequently involved partner chromosomes/loci for the 
IgH locus are 4p16 (FGFR3/MMSET) (12–15%), 11q13 (CCND1) (15–20%), 
16q23 (MAF) (3%), 6p21 (CCND3) (<5%), and 20q11 (MAFB) (1%) [13].

Translocation (4;14) involves the IgH locus (14q32) and leads to a deregulation 
of fibroblast growth factor receptor 3 (FGFR3) and the multiple myeloma SET 
domain (MMSET) [14–16]. This translocation is considered a primary or initiating 
oncogenic event, and it is mutually exclusive with other translocations.

MMSET is a chromatin remodeling factor and overexpressed in all tumors with 
this translocation. It may have DNA repair functions and posttranscriptionally 

Table 4.1 Primary and secondary genetic events that can be identified by FISH

Primary genetic events Secondary genetic events

IgH translocation Gene(s)
Frequency 
(%) Deletion Gene(s)

Frequency 
(%)

t(4;14) FGFR3/MMSET 15 1p CDKN2C, FAF1, 
FAM46C

30

t(6;14) CCND3 4 6q 33
t(11;14) CCND1 20 8p 25
t(14;16) MAF 4 13 RB1, DIS3 44
t(14;20) MAFB 1 11q BIRC2/BIRC3 7

14q TRAF3 38
16q WWOX, CYLD 35
17p TP53 7

Hyperdiploidy Gain
Trisomies of 
chromosomes 3, 5, 
7, 9, 11, 15, 19, 21

NA 50 1q CKS1B, 
ANP32E

40
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enhances MYC. FGFR3 contributes to B-cell oncogenesis, but its role in the patho-
genesis of MM has not been elaborated. Since FGFR3 is not expressed in one third 
of patients with t(4;14), the target gene is most likely MMSET.

t(4;14) is associated with impaired PFS/OS in many trials [9]. As will be dis-
cussed later, bortezomib may at least partly improve the negative prognostic impact 
of t(4;14) [17–20]. Prolonged survival was reported in t(4;14) treated with high- 
dose therapy (HDT) and tandem autologous transplant (ASCT) [21, 22]. SNP arrays 
have showed that the adverse impact of t(4;14) is heterogenous and may be related 
to the presence of concomitant CA [23].

4.3.2  Genomic Imbalance: del(17p) and Other Deletions  
or Additions

Hyperdiploidy occurs in more than half of NDMM patients and is associated with 
improved PFS/OS [14, 24]. In the MRC IX trial, coexisting hyperdiploidy did not 
abrogate the poor prognosis of adverse CA [25]. In contrast, in a retrospective analy-
sis, PFS of patients with t(4;14) was negatively impacted by del(1p32), del22q, and 
>30 structural CA, while del(6q) worsened PFS and del(1p32) worsened OS and >8 
numerical changes improved OS in del(17p) [23]. Modern techniques such as SNP 
arrays identify significantly more CNVs above karyotypic hyperdiploidy [26].

Deletions of the TP53 locus occur in 8–10% of newly diagnosed MM, and the 
incidence increases with disease progression [27]. TP53 mutations are much more 
frequent in patients with del(17p) deletions than in patients without these. It is 
uncertain if the adverse prognostic impact of del(17p) is due to haploinsufficiency 
or complete inactivation of TP53. Deletion of TP53 induces clonal immortalization 
and survival of (myeloma) tumor cells [28].

At present it is not clear which minimum percentage of cells carrying del(17p) 
nor the CA load of other genetic imbalances is required for an adverse prognosis nor 
whether this varies with the choice of therapy and stage of disease. Minimal per-
centages of 20 and 60% have been recommended for del(17p) [15, 23].

The prognostic impact of CA may vary from diagnosis to (refractory) disease 
due to the selection of disease subclones which may have different CA in various 
stages of the disease [29]. In solitary plasmacytoma or extramedullary disease, 
del(17p) may occur even more frequently [30, 31].

4.3.3  Multiple Adverse CA

Among patients with an adverse IgH translocation, 62% have concomitant gain(1q), 
compared to 32.4% in controls [15]. The frequency of del(17p) is similar in patients 
with or without adverse IgH translocations. Among patients with an IgH transloca-
tion and/or gain1q or del(17p), 20% share 2 or more CA. When CA occur in isola-
tion, each lesion had a similar impact on OS. The triple combination of an adverse 
IgH translocation, gain(1q), and del(17p) has been associated with a median OS of 
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only 9.1 months demonstrating the progressive impact of combined multiple adverse 
CA on OS [15]. The French IFM group showed that of 110 patients displaying 
either t(4;14) or del(17p), in 25 both CA were present. In patients with t(4;14), PFS 
was worse in case of concomitant presence of del(1p32), del(22q), and/or >30 struc-
tural changes. In patients with del(17p), del(6q) further reduced PFS, whereas the 
presence of gain15 and del14 had a protective effect [23].

4.3.4  Good Combined with Adverse CA

In the Myeloma IX study, 58% of patients had hyperdiploidy [32]. Of these, 61% 
had one or more adverse lesions (t(4;14), t(14;16), t(14;20), gain1q, or del(17p). OS 
and PFS were worse in patients with hyperdiploidy plus an adverse lesion, com-
pared to hyperdiploidy alone (median PFS 23 vs. 15.4 months; median OS 60.9 vs. 
35.7 months).

Finally, in a large analysis, the presence of trisomies reduced the adverse impact 
of t(4;14), t(14;16), t(14;20), or TP53 deletion in patients with MM [33].

4.4  Cytogenetic Risk Classifications

The definition of high-risk disease is subject to diagnostic and treatment options. 
With median PFS and OS of transplant-eligible (TE) patients approaching 4 and 
10 years, most investigators consider HR disease as OS <3 years, with ultra-HR 
disease having a survival <2 years. For nontransplant-eligible patients (NTE) OS 
<2 years is considered HR [34, 35]. It is important to define HR disease based on 
objective criteria (Table 4.2).

4.4.1  Risk Classifications Based on FISH

The International Myeloma Working Group (IMWG) proposed a model of HR MM 
defined as at least one of the following: del17p, t(4;14), or t(14;16) determined by 
FISH [27]. The Mayo Clinic classification added hypodiploidy and t(14;20) for the 
definition of HR MM [36]. Later classifications attempted to separate MM into 
several risk groups. In MRC IX, three groups were identified, i.e., favorable risk (no 
adverse IgH translocation, del(17p), or gain(1q)), intermediate risk (one adverse 

Table 4.2 Summary of cytogenetic risk features

High risk Standard risk
Cytogenetic 
abnormality

FISH: t(4;14), t(14;16), t(14;20), 
del(17/17p), gain(1q)
Non-hyperdiploid karyotype, karyotype 
del(13)
GEP: high-risk signature

All others including:
FISH: t(11;14), 
t(6;14)
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CA), and high risk (>1 adverse CA). Median PFS/OS of patients with FR, IR, or HR 
was 23.5, 17.8, and 11.7 months and 60.6, 41.9, and 21.7 months, respectively [15]. 
Ultrahigh risk was defined as three or more CA (2%, median OS 9 months). These 
classifications were defined when access to novel drugs was still limited and may 
change when additional treatment modalities are becoming available. An example 
is t(4;14) which may be IR rather than HR when novel agents are given  
[17, 37–39].

4.4.2  Risk Classifications Based on FISH and ISS

The combination of ISS with high-risk CA reflects tumor mass, patient condition, 
and genetics. The IMWG showed that t(4;14) and/or del(17p) separates two groups 
with different EFS and OS within each ISS stage [40]. Combining t(4;14) and 
del(17p) with ISS stage improved prognostic staging [40]. Neben et al. combined 
ISS with t(4;14) or del(17p) [14]. Using this stratification median, PFS after ASCT 
was 2.7, 2.0, and 1.2 years for the FR group (ISS I, no HR CA), IR(ISS I and HR 
CA or ISS II/III without HR CA), and HR (ISS II/III and HR CA), respectively. 
Five-year OS were 72%, 62%, and 41%, respectively. Identical results were obtained 
in the HOVON65/GMMG-HD4 trial [41].

The MRC IX study combined ISS and the presence of 0, 1, or >1 adverse 
CA. Median OS in the ultra-HR group, defined by ISS II or III plus >1 adverse CA, 
were 9.9 and 19.4 months, compared with OS 67.8 months in the favorable group 
[15].

4.4.3  Risk Classifications Based on FISH, ISS, and LDH

A meta-analysis of randomized trials in NDMM confirmed that combining ISS, 
serum lactodehydrogenase (LDH), and FISH identifies four risk groups including a 
very high-risk population (5–8%). Patients with ISS stage III, elevated LDH, and 
t(4;14) or del(17p) have a 2-year OS of only 54.6% [42]. More recently the revised 
ISS was defined, incorporating HR FISH (t(4;14), t(14;16), del(17p)) with ISS and 
LDH [43].

4.4.4  Gene Expression Profiling (GEP)

The prognostic impact of GEP by microarray was examined in several studies. The 
UAMS identified a 70-gene subset as an independent prognosticator [44]. The pres-
ence of a HR signature (13.1%) resulted in inferior EFS (5-year EFS, 18% vs. 60%) 
and OS (5-year OS, 28% vs. 78%). In this signature, several genes mapped to chro-
mosome 1(q) and (1p) [22]. The same group performed GEP analysis 48 h after 
bortezomib dosing in TT3 [45]. Based on GEP changes, the UAMS-80 signature 
was constructed.
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The EMC-92 signature was derived from patients in the HOVON65/GMMG-HD4 
trial. When combined with ISS, it predicts impaired PFS and OS across treatments 
[46, 47]. OS of HR patients (21%) at 5 years was 10% as compared with 72% for 
others (79%). Other GEP-based risk models include the IFM-15 and MRC-IX-6 
gene signatures [48]. In general, these GEP signatures are useful for prognostication 
while prediction has to be validated. There is no complete concordance with FISH 
abnormalities [49].

4.4.5  mSMART

The Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART) crite-
ria use a combination of FISH, plasma cell labeling index (PCLI), and GEP as tools 
to identify three risk categories (SR, IR, HR) for prognostication of patients with 
NDMM [50]. In mSMART del(17p) and t(4;14) are included as high-risk and 
intermediate- risk factors, respectively. Patients can be stratified for different thera-
peutic approaches [39]. However, risk-adapted therapy has not been validated in 
prospective studies.

4.5  Treatment Options with Novel Agents for High-Risk 
Disease Characterized by t(4;14) and/or del(17p)

The International Myeloma Working Group (IMWG) recommends to use the com-
bination of FISH, LDH, and ISS stage for risk stratification in NDMM [39]. Other 
features such as renal failure, plasma cell proliferative rate, and presence of extra-
medullary disease also contribute to risk. GEP is emerging as a prognostic tool for 
risk stratification.

Recently two reviews addressed the issue of general treatment strategies for HR 
myeloma [51, 52]. Here we address the treatment choices for patients with HR 
NDMM based on cytogenetic profile with for t(4;14) and/or del(17/17p).

4.5.1  Thalidomide

Thalidomide does not overcome the adverse impact of high-risk CA in MM. In the 
UAMS trial for RRMM, del(13q) by karyotyping had a shorter survival with tha-
lidomide [53]. Three trials studying thalidomide during induction in NDMM (MRC 
IX: CTD vs. CTDa; HOVON50/GMMG-HD2: VAD vs. TAD; GEM2005:TD) 
observed shorter OS in HR CA [54–57]. Thalidomide maintenance did not improve 
survival in HR CA in three trials: MRC IX (3-year OS 45% vs. 69%), HOVON50 
(3-year OS 17% vs. 69%) trials, and Total Therapy 2 (TT2, 5-year OS 56% vs. 72%) 
[17, 20, 24, 54, 55, 58]. In MRC IX 3-year OS was worse in patients with HR-CA 
(45%) [59]. In HOVON50/GMMG-HD2 PFS1 was better with thalidomide treat-
ment, but second PFS was significantly shorter, resulting in a reduced OS [57]. In 
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TT2 the presence of CA was associated with inferior survival, and a benefit with 
thalidomide was only observed in a subgroup of patients after 10 years [60].

From these data it can be concluded that thalidomide does not abrogate the 
adverse effect of t(4;14) and del(17) CA in transplant-eligible patients. Conclusive 
data for elderly or frail patients are not available.

4.5.2  Bortezomib

Several randomized trials have evaluated bortezomib for induction, consolidation, 
or maintenance treatment in cytogenetic subgroups. In IFM-2005-01 bortezomib/
dexamethasone showed a superior response and OS compared with VAD. This com-
bination resulted in a better EFS and OS for patients with t(4;14) but did not improve 
outcome in del(17p) (4-year OS 50% vs. 79%) [61]. In HOVON65/GMMG-HD4 
bortezomib-based induction and maintenance showed an improved outcome for 
patients with del(17p) (median PFS 26 vs. 12 months);(3-year OS, 69% vs. 17%)). 
At long-term follow-up, this advantage is still present. However, OS remains infe-
rior to patients without del(17p) (3-year OS, 85%). In patients with t(4;14), PFS was 
not better with bortezomib (25 vs. 22 months), while OS was improved (3-year OS 
69% vs. 44%) compared with 85% in patients without t(4;14) [41]. In the GEM 
2005 trial, VTD followed by ASCT and maintenance did not improve OS in HR CA 
(3-year OS, 60% vs. 88%) [56]. The GIMEMA group compared VTD with TD for 
induction and consolidation with double ASCT.  In the subgroup of 25% with 
t(4;14), OS was 69% vs. 37% in favor of VTD as compared with 74% vs. 63% with-
out t(4;14) and/or del(17p) [19]. A meta-analysis of four randomized trials showed 
that the odds of posttransplantation CR + nCR in bortezomib-treated patients were 
similar for high-risk (del(17p) + t(4;14)) and SR (2.44 vs. 1.67, n.s.) cytogenetics 
[18]. These trials (1874 patients) showed that bortezomib plus ASCT was superior 
(PFS 41 vs. 33 months) (p < 0.0001). In patients with HR FISH, this was 32 vs. 
22 months (p < 0.0001). PFS benefit was observed in patients with t(4;14) but lack-
ing del(17p) (36 vs. 24 months, p = 0.001) and in del(17p) lacking t(4;14) (27 vs. 
19 months, p = 0.014), but not in patients carrying both CA [62]. In TT3 OS was 
significantly shorter in patients with a HR profile (2-year OS 56% vs. 88%) com-
pared with SR GEP profile, with exception of low TP53 expression [63]. Addition 
of bortezomib improved OS compared with TT2 in LR MM [63, 64].

Data in NTE patients are scarce. The VISTA trial combined melphalan/predni-
sone with bortezomib (VMP vs. MP). In patients treated with VMP, HR-CA did not 
influence outcome when compared with SR (OS, 56% vs. 71%) [65]. In a Pethema 
trial comparing VMP with VPT (bortezomib/thalidomide/prednisone) followed by 
maintenance with VT vs. VP, HR patients had shorter PFS than SR patients from the 
first (24 vs. 33 months) and second randomization (17 vs. 27 months) and shorter 
survival (3-year OS, 55% vs. 77%) [66]. The GIMEMA group compared VMP with 
VMPT.  In this bortezomib-dense treatment, HR vs. SR patients had similar PFS 
[67]. The IFM group observed that across bortezomib regimens, no benefit was 
achieved in HR-CA NTE patients [68]. From these data it can be concluded that 
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bortezomib partly overcomes the adverse effect of t(4;14) and possibly del(17p) on 
CR, PFS, and OS. There is no benefit in t(4;14) combined with del(17p) in transplant- 
eligible patients. In transplant-ineligible patients, VMP may partly restore PFS in 
high-risk cytogenetics, although data are scarce.

4.5.3  Novel IMiDs: Lenalidomide and Pomalidomide

Experience with lenalidomide in first-line therapy for HR-CA patients is limited. In 
HR-CA PFS with lenalidomide was inferior as compared with SR patients (18 vs. 
26 months) [69]. In the GIMEMA trial comparing high-dose melphalan with MPR, 
there was a trend for better PFS with lenalidomide maintenance in SR as compared 
with HR-CA (HR 0.38 (0.24–0.62) vs. 0.73 (0.37–1.42)). However, there was no 
effect on OS [70]. In the IFM 2005-02 trial, lenalidomide maintenance did not over-
come the poor prognosis of t(4;14) (27 vs. 24 months) and only partly of del(17p) 
(29 vs. 14 months vs. 42 months in all patients) [71]. Convincing data for continu-
ous lenalidomide in CA groups are lacking [72, 73]. Subgroup analysis of the 
FIRST trial in NDMM did not demonstrate a benefit of continuous lenalidomide in 
HR CA [74]. In relapse MM carfilzomib combined with lenalidomide and dexa-
methasone combined with carfilzomib (K-RD) were effective across HR and SR 
patients (23 vs. 29 months, p = NS), while RD showed less activity (13 vs. 19 months, 
p = 0.004) [75]. Data of IFM did not show a benefit of RD in RRMM with del(13q) 
or t(4;14) [76]. In the Eloquent-2 trial for RRMM, elotuzumab with RD (E-RD) 
improved outcome over RD in del(17p) [77]. Recent data of the effect of pomalido-
mide with dexamethasone in patients with RRMM show that this combination does 
not abrogate overall adverse outcome in HR-CA, while OS may improve in del(17p) 
[78]. In Phase 2 trials, a response benefit of pomalidomide with dexamethasone was 
shown in patients with del(17p) [79]. Hence, lenalidomide seems to partly improve 
the adverse effect of t(4;14) and del(17p) on PFS but not OS in transplant-eligible 
patients. In transplant-ineligible patients, there are no data suggesting that the drug 
may improve outcome with high-risk cytogenetics. Pomalidomide with dexametha-
sone showed promising results in RRMM with del(17p).

4.5.4  Combined Proteasome Inhibition and Lenalidomide

Bortezomib combined with RD (VRD) in a Phase 1/2 trial in 66 patients with 
NDMM showed 18-month PFS of 100% in 13 patients with del(17p) and/or t(4;14) 
[80]. The EVOLUTION trial examined several schedules including VRD in 
NDMM. One-year PFS was similar in HR-CA (17% of all patients) and SR patients 
[81]. VRD in transplant-eligible NDMM had similar 3-year PFS (86%) in patients 
with >60% del(17p) or t(4;14) compared with all patients [82].

Carfilzomib monotherapy did not improve PFS/OS in t(4;14) or del(17p) in 
RRMM [83]. Carfilzomib combined with pomalidomide/dexamethasone had equiv-
alent PFS and OS in HR vs. SR RRMM [84]. In the Aspire trial in RRMM, KRD 
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was superior to RD for PFS across cytogenetic risk groups, suggesting that this 
combination (partly) abrogates the negative impact of t(4;14) and del(17p) [75]. 
Similarly, in TOURMALINE-MM1 ixazomib combined with RD showed identical 
PFS in patients with del(17p) or t(4;14) or no CA (20 vs. 18 vs. 20 m) [85]. More 
recently carfilzomib combined with lenalidomide (KRd) or thalidomide (KTd) and 
dexamethasone in NDMM showed similar CR rate (>60%) and PFS between HR 
and SR patients [86, 87].

Recently, favorable responses were observed with monoclonal antibodies against 
CD38 (daratumumab) or SLAMF7 (elotuzumab) combined with Rd in RRMM 
across cytogenetic subgroups, although data are scarce [88]. In conclusion, combin-
ing a proteasome inhibitor with lenalidomide and dexamethasone greatly reduces the 
adverse effect of t(4;14) and del(17p) on PFS in NDMM. KRd seems effective in 
patients with high-risk cytogenetics. However, with exception of ASPIRE and 
TOURMALINE-MM1 most data were obtained in nonrandomized studies, and long-
term follow-up has not been reported. NDMM patients with high-risk cytogenetics 
probably have the highest benefit from the combination of a proteasome inhibitor 
with lenalidomide or pomalidomide and dexamethasone (Tables 4.3, 4.4, and 4.5).

4.5.5  High-Dose Therapy and ASCT

In transplant-eligible NDMM, the hallmark of first-line treatment is high-dose therapy 
and ASCT combined with novel agents. This strategy has significantly improved PFS 
and OS in the past decade. Therefore, it is difficult to address the role of HDT/ASCT 
for HR-CA. Recently a retrospective analysis in patients without TP53 deletion treated 
with an autologous transplant did not show a benefit of proteasome inhibitor induction 
[89]. Few studies have investigated the effect of a second ASCT. In Total Therapy 3 
addition of bortezomib to double ASCT improved outcome in patients with t(4;14), 
indicating that the effect of HDT/ASCT varies with induction and consolidation/
maintenance [6]. Similarly, addition of RVD for consolidation and maintenance after 
ASCT may improve PFS in HR MM [90, 91]. A meta-analysis of four European trials 
showed that double ASCT combined with bortezomib-based treatment partially abro-
gates poor PFS in patients carrying both t(4;14) and del(17p) [62]. Taken together 
HDT/ASCT is standard therapy for eligible patients with NDMM. It contributes to 
improved outcome across prognostic groups. Double HDT/ASCT combined with 
bortezomib may improve PFS in patients with t(4;14) or del(17p) and in those with 
both abnormalities. Although results from stratified randomized trials are not avail-
able yet, HDT plus (double) ASCT and proteasome inhibitor-based induction treat-
ment is recommended for patients with high-risk cytogenetics.

4.5.6  Allogeneic Stem Cell Transplantation

Allogeneic SCT has been proposed as a treatment for high-risk younger patients 
including those with t(4;14) and/or del(17p). Data on CA are scarce and partly 
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based on classic karyotyping. In a trial of 73 NDMM patients, tandem auto-allo- 
transplantation yielded similar 5-year PFS (24% vs. 30%) and OS (50% vs. 54%) in 
patients without t(4;14) or del(17p) [92]. The EBMT-NMAM2000 study showed 
better OS in patients treated with ASCT/RIC-allo or ASCT alone, 49% vs. 36% at 
96 months, respectively (P = 0.030). Unfortunately, convincing FISH data are lack-
ing [93]. A retrospective analysis in 143 patients indicated that patients with del(13q) 
or t(4;14) or del(17p) or t(11;14) had similar 3-year PFS and OS as patients without 
any abnormality [94]. A study of allo-SCT in 101 relapsed MM showed worse 
4-year PFS (28 vs. 43%) and OS (30 vs. 49%) in 16 patients with del(17p), while in 
16 patients with t(4;14), no impact was observed [95]. At this stage it should be 
concluded that data are limited and that allogeneic SCT or tandem auto-allo-SCT 
may possibly improve PFS in patients with t(4;14) or del(17p). Results are better in 
an early stage of the disease. The novel treatments may challenge the role of allo- 
SCT, and this treatment modality should currently only be used to clinical trials.

 Conclusions

Risk stratification in MM is important to predict survival and to define a treat-
ment strategy. Cytogenetic abnormalities by FISH currently are clinically rele-
vant prognostic factors in MM. The IMWG consensus panel on FISH advises to 
test for the presence of del(17p), t(4;14), and possibly t(14;16). An extended 
panel, which may be incorporated in clinical trials, includes t(11;14), t(14;20), 
gain(1q), del(1p), del(13q), and ploidy status. Bortezomib and lenalidomide may 
partially abrogate the adverse effect of del(17p). Bortezomib combined with 
iMIDS may improve outcome in t(4;14). Double HDT/ASCT plus bortezomib 
may improve outcome in patients with both adverse CA. Application of these 
risk factors may be a first step toward precision medicine in patients with MM.
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5Treatment of Patients in First or Second 
Relapse

Andrew J. Yee and Noopur S. Raje

5.1  Introduction

While multiple myeloma remains incurable, the past decade has seen dramatic 
advances with the introduction of immunomodulatory drugs (IMiDs) and protea-
some inhibitors (PI). The adoption of these newer drugs has significantly improved 
overall survival. Patients who relapsed after 2000 had a doubling of overall survival 
from 11.8 months for disease relapse prior to 2000 to 23.9 months [1]. Recently, 
next-generation IMiDs (pomalidomide) and PIs (carfilzomib, ixazomib) have been 
approved along with drugs with new mechanisms of action, such as the HDAC 
inhibitor panobinostat and the monoclonal antibodies elotuzumab and daratu-
mumab. This chapter will focus on the approach to patients who develop a relapse 
after one or two lines of treatment.

5.2  Definitions of Relapse

The International Myeloma Working Group (IMWG) has defined criteria for disease 
progression and several categories of relapsed disease. It has defined “relapsed dis-
ease” as previously treated myeloma that progresses and requires initiation of treat-
ment but does not meet criteria for “primary refractory myeloma” or “relapsed and 
refractory myeloma” [2]. There are several criteria for disease progression, based on 
an increase of 25% from the lowest response value in any of the following:
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 1. Serum M-component (absolute increase must be ≥0.5 g/dL)
 2. Urine M-component (absolute increase must be ≥200 mg/24 h)
 3. In patients without measurable serum or urine M protein levels:

 (a) Difference between involved and involved free light chain values (absolute 
increase must be >10 mg/dL)
• In patients without measurable serum, urine M protein, or free light chain 

values, bone marrow plasma cell percentage (absolute percentage must be 
≥10%)

 4. Definite development of new bone lesions or soft tissue plasmacytomas or defi-
nite increase in size of existing bone lesions or soft tissue plasmacytomas

 5. Development of hypercalcemia (corrected serum calcium >11.5 mg/dL) that can 
be attributed solely to the plasma cell proliferative disorder

“Relapsed and refractory myeloma” is defined as a disease that is nonresponsive 
while on salvage therapy or progressed within 60 days of last therapy in patients 
who have achieved minimal response or better at some point previously. “Primary 
refractory” disease is defined as a disease that is nonresponsive in patients who have 
never achieved a minimal response or better with any therapy.

There are also proposed guidelines for defining the number of lines of therapy as 
well [3]. For example, a planned sequential course of therapy with induction che-
motherapy, followed by stem cell transplant, and lenalidomide maintenance is con-
sidered one line of treatment.

Clinical relapse. The IMWG has defined “clinical relapse” as symptomatic dis-
ease related to disease progression on two consecutive assessments [4]:

 1. Development of new soft tissue plasmacytomas or bone lesions on imaging
 2. Increase in the size of existing plasmacytomas or bone lesions of 50% (and 

>1 cm)
 3. Hypercalcemia (>11.5 mg/dL)
 4. Decrease in hemoglobin of >2 g/dL or hemoglobin <10 g/dL
 5. Rise in serum creatinine by ≥2 mg/dL
 6. Hyperviscosity

Significant paraprotein relapse. The IMWG defined significant paraprotein relapse 
to identify patients where the rate or magnitude of change in monoclonal protein or 
free light chain may, in the absence of symptoms, warrant initiation of treatment:

 1. Doubling of the M-component in two consecutive measurements separated 
≤2 months

 2. Increase in the absolute level of serum M protein by ≥1 g/dL
 3. Increase in urine M protein by ≥500 mg/24 h
 4. Increase in involved free light chain level by ≥20 mg/dL (plus an abnormal FLC 

ratio) in two consecutive measurements separated by ≤2 months
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5.3  Timing of Treatment

While patients who have symptoms related to their disease progression, i.e., clinical 
relapse, generally require treatment at that time, in patients with an asymptomatic 
rise in monoclonal protein, the IMWG provides guidelines for the timing of initiat-
ing treatment based on the above criteria for significant paraprotein relapse. Of note, 
a series examining patterns of relapse in 211 patients after autologous stem cell 
transplant noted that there was a wide range between onset of asymptomatic relapse 
(or biochemical relapse) and progression and treatment, varying from 0 to 5.6 years, 
with a median of 5.6 months [5]. The clinical features of relapse were generally 
similar to the features at time of presentation, e.g., patients who relapsed with renal 
impairment tended to have renal impairment at time of diagnosis. Notably, 26% of 
patients with asymptomatic relapse did not require treatment for at least 2 years, 
suggesting that there is a group of patients with biochemical relapse who may fol-
low a more indolent course.

5.4  Immunomodulatory Drugs

5.4.1  Lenalidomide

Lenalidomide is a second-generation IMiD with a chemical structure similar to tha-
lidomide, and it is widely used at all stages of illness. The specific mechanism of 
action of IMiDs has only recently been determined. IMiDs as a class bind to cere-
blon, a component of E3 ubiquitin ligase complexes. This complex then promotes 
the degradation of transcription factors critical to MM proliferation: IKZF1/3, 
MYC, and IRF4 [6–8]. Compared to thalidomide, lenalidomide is associated with 
significantly less peripheral neuropathy, sedation, and constipation but is associated 
with more myelosuppression. Two phase III trials, MM-009 [9] and MM-010 [10] 
(Table 5.1), showed that the combination of lenalidomide and dexamethasone was 
superior to dexamethasone alone and established the role for lenalidomide in 
relapsed disease. These trials shared a similar design: lenalidomide was given as 
25 mg daily on days 1–21 on a 28-day cycle with dexamethasone 40 mg on days 
1–4, 9–12, and 17–20 for the first four cycles and then on days 1–4. About two- 
thirds of patients had two or more prior lines of therapy. Pooling these trials together, 
the combination had a higher overall response rate (i.e., partial response or better; 
ORR), 60.6% vs. 21.9% [20]. The median time to progression and overall survival 
were also higher, 13.4 vs. 4.6  months and at least 38  months vs. 31.6  months, 
respectively. The benefit in survival was seen even when 47.6% of patients random-
ized to the dexamethasone alone arm crossed over after disease progression or study 
unblinding. Given these findings, lenalidomide was approved by the FDA for treat-
ing relapsed disease in June 2006.

Notable side effects seen in the lenalidomide arm included grade 3–4 neutrope-
nia, roughly 29.5–41.2%, and grade 3–4 venous thromboembolic (VTE) events, 
11.4–14.7%. Of note, in these trials, prophylaxis with aspirin was not mandated, as 
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Table 5.1 Selected phase III trials in relapsed disease

Reference Name of trial Arm N PFSa HR
ORR 
(%)

≥VGPR 
(%)

≥CR 
(%)

Palumbo et al. 
[11]

CASTOR Dara-Vd 251 NE 0.39 83 59 19
Vd 247 7.2 63 29 9

Dimopoulos 
et al. [12]

POLLUX Dara-Rd 286 NE 0.37 93 76 43
Rd 283 18.4 76 44 19

Dimopoulos 
et al. [13]

ENDEAVOR Kd 464 18.7 0.53 77 54 13
Vd 465 9.4 63 29 6

Moreau et al. 
[14]

TOURMALINE-MM1 IRd 360 20.6 0.74 78 48 12
Rd 362 14.7 72 39 7

Lonial et al. 
[15]

ELOQUENT-2 Elo-Rd 321 19.4 0.7 79 33 4
Rd 325 14.9 66 28 7

Stewart et al. 
[16]

ASPIRE KRd 396 26.3 0.69 87 70 32
Rd 396 17.6 67 40 9

San-Miguel 
et al. [17]

PANORAMA 1 Pano-Vd 387 12.71 0.63 61 11
Vd 381 8.54 55 6

San Miguel 
et al. [18]

NIMBUS (MM-003) Pd 302 3.8 0.41 31 6 1
D 153 1.9 10 1 0

Weber et al. [9] MM-009 RD 177 11.4b 61 14
D 176 4.7 20 1

Dimopoulos 
et al. [10]

MM-010 RD 176 11.3b 60 16
D 175 4.7 24 3

Richardson 
et al. [19]

APEX V 333 6.22b 38 6
D 336 3.49 18 1

D high-dose dexamethasone, d low-dose dexamethasone, dara daratumumab, elo elotuzumab,  
I ixazomib, K carfilzomib, P pomalidomide, Pano panobinostat, R lenalidomide, V bortezomib
aPFS is in months
bTime to progression

is currently the recommended practice [21, 22]. Furthermore, current practice has 
moved to using lower doses of dexamethasone (40 mg weekly), based on the results 
of the ECOG E403 study [23], which showed that the rate of VTE was significantly 
lower with the low-dose dexamethasone regimen (12%) compared to the traditional 
high-dose regimen (26%) (p = 0.0003). Of note, in this study, VTE prophylaxis was 
recommended but not mandated initially in the study. Additionally, development of 
a second primary malignancy is an increasingly appreciated risk of lenalidomide 
therapy. A meta-analysis of nine randomized trials in newly diagnosed patients 
found that the cumulative incidence of all second primary malignancies was 6.9% 
in the lenalidomide arm vs. 4.8% in the control arm (p = 0.037) [24]. However, the 
risk of a second malignancy may be less relevant in the relapsed setting.

Given the increasing use of lenalidomide in the up-front setting (as a doublet 
with dexamethasone or in combination with, e.g., bortezomib) as well as increasing 
adoption of lenalidomide maintenance after induction chemotherapy or autologous 
stem cell transplant, the role for a traditional lenalidomide-dexamethasone doublet 
for relapsed disease may be less than in the past. Rather, other regimens (or a triplet 
combination with lenalidomide) may be more attractive, as detailed below.
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5.4.2  Pomalidomide

Pomalidomide is a third-generation IMiD, and it is effective in patients with disease 
refractory to lenalidomide. The MM-002 study was a phase II study where patients 
with relapsed and refractory MM and who had two or more prior lines were random-
ized to receive pomalidomide alone (4 mg on days 1–21 of a 28-day cycle) or pomalid-
omide with low-dose dexamethasone (40 mg weekly) [25]. All patients had received 
prior treatment with at least two cycles of lenalidomide and at least two cycles of bort-
ezomib. The ORR was 33% in the pomalidomide-dexamethasone arm compared to 
18% in the pomalidomide alone arm (p = 0.013). Progression-free survival (PFS) and 
overall survival (OS) were also higher in the doublet arm, 4.2 vs. 2.7 months (p = 0.003) 
and 16.5 vs. 13.6 months, respectively. Importantly, refractoriness to lenalidomide or 
both lenalidomide and bortezomib did not affect the response to pomalidomide.

These findings were further extended in the MM-003 study, a phase III study 
comparing pomalidomide and dexamethasone to high-dose dexamethasone [18]. 
This study enrolled patients with refractory disease who received at least two previ-
ous consecutive cycles of bortezomib and lenalidomide, alone or in combination 
and who had adequate alkylator treatment (e.g., as part of an autologous stem cell 
transplant). Patients in the trial had received a median of five prior lines of treat-
ment. The ORR was significantly higher in the pomalidomide-dexamethasone arm, 
31% vs. 10% in the high-dose dexamethasone arm (p < 0.0001). The median PFS 
with pomalidomide plus low-dose dexamethasone was 3.8 vs. 1.9  months 
(p < 0.0001). Adjusting for crossover, the median OS was 12.7 vs. 5.7 months [26]. 
While high-dose dexamethasone alone is not conventionally used in the USA, the 
MM-003 study demonstrated effectiveness of pomalidomide and low-dose dexa-
methasone in patients refractory to lenalidomide and bortezomib. Based on the find-
ings in MM-002 and MM-003, pomalidomide with low-dose dexamethasone was 
approved by the FDA in February 2013 for patients with refractory disease and who 
have received at least two prior therapies including lenalidomide and a PI.

Similar to lenalidomide, myelosuppression is a common characteristic of 
pomalidomide, with 41% and 48% of patients experiencing grade 3–4 neutropenia in 
the MM-002 and MM-003 trials, respectively. In the MM-002 trial, 46% of patients 
in the pomalidomide and low-dose dexamethasone arm received G-CSF.  On the 
other hand, there are several notable differences with pomalidomide compared with 
lenalidomide. Unlike lenalidomide, pomalidomide is extensively metabolized prior 
to excretion, and thus dosing of pomalidomide is not as dependent on renal function 
as lenalidomide [27], though patients with creatinine >3 mg/dL were excluded in 
clinical studies. In the MM-010 study, a phase IIIb study of pomalidomide and low-
dose dexamethasone with a similar patient population as MM-003, the safety and 
efficacy of this regimen were similar in patients with moderate renal impairment 
(creatinine clearance 45–60 mL/min) compared to patients with normal renal func-
tion [28]. Of note, in the MM-010 study, patients with creatinine clearance <45 mL/
min were excluded. Additional adverse events such as myalgias (16%) and skin rash 
(<10%) were less frequently seen with pomalidomide than with lenalidomide [29]. 
Similar to thalidomide and lenalidomide is the risk of VTE. Patients on pomalido-
mide should receive prophylaxis with, e.g., aspirin to minimize risk of these events.
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5.5  Proteasome Inhibitors

5.5.1  Bortezomib

Bortezomib is a peptide boronic acid that reversibly and potently binds to the 
chymotrypsin- like β5 subunit of the proteasome 20S subunit [30, 31]. Inhibition of 
the proteasome by bortezomib in cell culture leads to apoptosis across multiple 
types of cancer cell lines. The effectiveness of bortezomib is particularly profound 
in MM, where MM cells typically produce large amounts of monoclonal immuno-
globulin, a defining characteristic of this malignancy. In MM cells, treatment with 
bortezomib results in the accumulation of unfolded proteins, activating the unfolded 
protein response and subsequent cell cycle arrest [32]. Early clinical trials across 
different tumor types showed that bortezomib was unusually active in MM [33]. 
The SUMMIT trial was a phase II trial that evaluated bortezomib as single agent in 
patients with refractory disease [34]. Bortezomib was given 1.3  mg/m2 intrave-
nously (IV) on days 1, 4, 8, and 11 of 21-day cycle. In patients with a suboptimal 
response, dexamethasone 20 mg on the day of and day after bortezomib was added. 
The median number of prior therapies was six. As a single agent, the ORR was 27%. 
A phase III trial, the APEX trial, demonstrated higher response rates (ORR 38% vs. 
18%, p < 0.001) and superior overall survival (1 year OS 80% vs. 66%, p = 0.003) 
with single-agent bortezomib compared to high-dose dexamethasone in patients 
who relapsed after 1–3 prior lines of treatment [19]. Based on the results of the 
SUMMIT trial, the FDA approved bortezomib for use in relapsed myeloma in 2003.

Peripheral neuropathy is the principal side effect of bortezomib. In the initial 
SUMMIT and CREST phase II trials of bortezomib in patients with relapsed MM, 
peripheral neuropathy occurred in 35% of patients, including 13% where it was 
grade ≥3 [35]. Dose reductions occurred in 12% of patients, and 5% of patients 
discontinued therapy because of neuropathy. Generally, the peripheral neuropathy is 
reversible. In the APEX study, 64% of patients had improvement or resolution to 
baseline at a median of 110 days, and the reversibility was higher when dose modi-
fications were used. The effectiveness of bortezomib did not appear to be affected 
by these dose modifications.

A major change in treatment practice has been the shift from giving bortezomib IV 
(in the manner it was originally studied) to subcutaneously (SC). This was motivated 
by a randomized study of IV vs. SC administration in 222 patients with relapsed dis-
ease after 1–3 prior lines of treatment [36]. Patients received bortezomib according to 
the standard 21-day schedule, as a single agent. Peripheral neuropathy was signifi-
cantly less common with the SC route, with grade ≥3 or more neuropathy of 6% 
compared to 12% (p = 0.026) with the standard IV route. The ORR was the same in 
both groups, 42%. An updated analysis of the trial showed comparable outcomes 
between the two routes [37]. Pharmacokinetic studies showed that systemic exposure 
was equivalent with either route, though the peak drug concentration was lower with 
the SC route [38]. Given the remarkably improved tolerability of the SC route with 
similar efficacy, the SC route is now approved by the FDA and now widely used.

Thrombocytopenia is the most common grade 3–4 adverse events with bort-
ezomib. In the APEX trial, it occurred in 30% of patients. However, unlike the 
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thrombocytopenia seen in traditional cytotoxic chemotherapy, the thrombocyto-
penia with bortezomib may be due to reversible effects on megakaryocyte func-
tion rather than direct cytotoxicity and is not cumulative [39]. Bortezomib is 
also associated with a significantly increased risk of herpes zoster. In the APEX 
trial, the incidence of herpes zoster was 13% compared to 5% (p = 0.0002) [40]. 
The use of acyclovir or equivalent for prophylaxis of this infection is standard 
practice [41].

In addition to changes in the route of administration, there is also an increasing 
use of weekly bortezomib, motivated by weekly schedules in the up-front setting 
[42, 43] that showed similar efficacy and improved tolerability. Consequently, over 
time, the practice has shifted from the twice/week, IV, 21-day schedule to increas-
ing use of weekly bortezomib given SC (e.g., on days 1, 8, 15, 22 on a 35-day 
schedule), though many of the phase III trials using bortezomib follow the conven-
tional 21-day schedule. Combinations with bortezomib are routinely used in the 
relapsed setting, as discussed below.

5.5.2  Carfilzomib

Carfilzomib is a second-generation PI. It is an epoxyketone that irreversibly binds to 
the proteasome through a covalent bond. Furthermore, compared with bortezomib, it 
has greater selectivity for chymotrypsin-like protease β5 subunit and lower affinity for 
trypsin- and caspase-like proteases [31]. These characteristics are in contrast to bort-
ezomib, where proteasome binding is reversible and where bortezomib also inhibits 
other serine proteases (and which may account for its neurotoxicity) [44]. A phase II 
trial, PX-171-003, studied single-agent carfilzomib in heavily pretreated MM patients 
[45]. Carfilzomib was given as a single agent as an infusion at 20 mg/m2 on days 1, 2, 
8, 9, 15, and 16 of a 28-day cycle; with cycle 2, the dose was increased to 27 mg/m2. 
The patients in this trial received a median of five prior lines of treatment, and the regi-
men showed an ORR of 23.7%. Based on the findings of this study, the FDA approved 
carfilzomib in July 2012 for patients with relapsed disease and who received at least 
two prior therapies, including bortezomib and an IMiD (e.g., lenalidomide) [46].

Unlike bortezomib, treatment-emergent peripheral neuropathy was markedly 
less common and severe, with grade 3–4 neuropathy occurring in 1.1% of patients. 
However, toxicities unique to carfilzomib included cardiac failure in 7% of patients. 
Dyspnea was reported in 35% of patients, including 5% experiencing grade 3 dys-
pnea. In our practice, we have found that lengthening the infusion time from the 
initially described 2–10 min infusion to, e.g., 30 min has decreased the rate of some 
of these side effects.

In patients progressing on a bortezomib-based regimen, a phase I–II trial found 
that replacing bortezomib with carfilzomib was safe and effective [47]. This replace-
ment strategy was tested across multiple regimens, including carfilzomib and dexa-
methasone, carfilzomib with pegylated liposomal doxorubicin, and carfilzomib with 
cyclophosphamide and ascorbic acid. The ORR across this heterogeneous popula-
tion was 43.2%, showing that the substitution of bortezomib with carfilzomib can 
recover responses in bortezomib-refractory disease.
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5.5.2.1  ENDEAVOR
Recently, the ENDEAVOR trial directly compared carfilzomib with bortezomib in 
patients with relapsed disease [13]. This phase III study randomized patients with 1–3 
prior lines of treatment to the combination of carfilzomib and dexamethasone or bort-
ezomib and dexamethasone. Carfilzomib was given on days 1, 2, 8, 9, 15, and 16 with 
dexamethasone 20 mg on the days of carfilzomib plus days 22 and 23 on a 28-day 
cycle. The dosing of carfilzomib was higher than the initial studies, starting with 
20 mg/m2 on days 1 and 2 of cycle 1 and then increasing to 56 mg/m2 there-after. 
Bortezomib was given according to the traditional schedule of 1.3 mg/m2 on days 1, 4, 
8, and 11 on a 21-day cycle with dexamethasone 20 mg the day of bortezomib and the 
day after. Bortezomib was given either IV or SC according to the investigator; most 
patients (79%) received SC bortezomib throughout the study. The ORR was signifi-
cantly higher in the carfilzomib arm, 77% vs. 63% in the bortezomib arm (p < 0.0001), 
and median PFS was also higher, 18.7 months vs. 9.4 months (p < 0.0001). Of note, 
while 54% of patients had prior bortezomib, in a subgroup analysis, patients who were 
bortezomib naïve also showed significantly improved PFS in the carfilzomib arm.

Grade 2 or higher peripheral neuropathy was significantly higher in the bortezo-
mib group compared to the carfilzomib group, 32% vs. 6%, respectively; grade 3 or 
higher peripheral neuropathy was 8% vs. 2%. Dose reductions due to adverse events 
were more common in the bortezomib group (48%) than in the carfilzomib group 
(23%), which may have compromised the true efficacy of bortezomib. Even though 
the majority of the patients received bortezomib SC, peripheral neuropathy contin-
ued to be an ongoing finding, and the majority of the dose reductions in the bortezo-
mib group (62%) were due to peripheral neuropathy.

Additional notable differences in toxicity between the two groups included inci-
dence of renal dysfunction. Acute renal failure, all grades, was higher in the carfil-
zomib arm vs. the bortezomib arm, 8% vs. 5%; grade 3 or higher, 4% vs. 3%. 
Hypertension, grade 3 or higher, was seen in carfilzomib compared to bortezomib, 
9% vs. 3%. Cardiac failure (which included cardiac failure, decreased ejection frac-
tion, pulmonary edema), all grades, was higher in the carfilzomib group compared 
to the bortezomib group (8.2% vs. 2.9%); grade 3 or higher (4.8% vs. 1.8%). Of 
note, in a subset of patients where serial echocardiograms were performed, reduc-
tion in left ventricular fraction was not different between groups.

5.5.2.2  Weekly Carfilzomib
A practical limitation of carfilzomib treatment is the twice/week schedule, especially 
given that patients may be on therapy for a prolonged duration. The CHAMPION-1 
trial evaluated the safety and efficacy of giving carfilzomib weekly [48]. This phase 
I/II trial enrolled patients with 1–3 prior lines of treatment. Carfilzomib was given as 
a 30-min infusion on days 1, 8, and 15 with dexamethasone 40 mg weekly on a 
28-day cycle. All patients received carfilzomib 20 mg/m2 on day 1; patients received 
45, 56, 70, or 88 mg/m2 with subsequent infusions. The 70 mg/m2 dose level was 
determined to be the MTD. Grade 3 or higher adverse events were uncommon (most 
common, fatigue, 11%), and the ORR was 77% with a PFS of 12.6 months. Notably, 
cardiac adverse events were not seen with using higher doses of carfilzomib. The rate 
of grade ≥3 dyspnea was 5%, similar to previous studies. The weekly dosing 
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schedule in the CHAMPION-1 trial (20/70) is being compared to the conventional 
twice/week schedule (20/27) in an ongoing phase III trial, ARROW (NCT02412878).

5.5.3  Ixazomib

Ixazomib (previously known as MLN9708) is a new, oral, PI where preclinical data 
demonstrated superior pharmacodynamics with a shorter dissociation half-life and 
anti-tumor activity compared to bortezomib [49]. In preclinical models, ixazomib 
had activity in bortezomib-resistant MM cells [50].

Two phase I trials examined weekly [51] vs. twice/week dosing [52] of ixazomib 
as a single agent in patients with relapsed/refractory disease. In weekly dosing, ixa-
zomib was given on days 1, 8, and 15 of a 28 cycle, and the twice/week dosing was 
similar to bortezomib on a 21-day cycle. The MTD for the weekly dosing was deter-
mined to be 2.97 mg/m2 and 2 mg/m2 for twice/week schedule. Pharmacokinetic stud-
ies showed a long terminal half-life of 3.6 to 11.3 days, providing support for once/
week dosing. In these parallel trials, only one case of grade 3 peripheral neuropathy 
out of 60 patients in the weekly dosing cohort was observed. Rash (any grade) was 
reported in 9% of weekly dosing and 40% of the twice/week dosing trials. The 
patients in both of these trials were heavily pretreated, with a median of four prior 
lines of treatment. The ORR for weekly ixazomib was 18% (and 27% at the MTD).

5.5.3.1  TOURMALINE-MM1
The TOURMALINE-MM1 study compared the combination of ixazomib with 
lenalidomide and dexamethasone (IRd) vs. lenalidomide and dexamethasone (Rd) 
in a phase III, double-blind, randomized study in 712 patients with relapsed disease 
and 1–3 prior lines of treatment [14]. Of note, this triplet combination had already 
been presented as a phase I/II trial in newly diagnosed patients, with an ORR of 
92% [53]. The trial in relapsed patients excluded patients who were refractory to 
prior PI-based or lenalidomide-based treatment. The majority of patients (69%) had 
prior bortezomib treatment, and only 12% had prior lenalidomide treatment. The 
median PFS was significantly higher in the IRd arm, 20.6 vs. 14.7 months in the Rd. 
arm (p = 0.012). The ORR was higher with IRd 78.3% vs. 71.5% (p = 0.035) along 
with very good partial response rate (VGPR) or better rate of 48.1% vs. 39% 
(p = 0.014). The toxicity profile between both arms was generally similar, including 
peripheral neuropathy. However, rash was higher in the ixazomib arm vs. the con-
trol arm: all grades, 36% vs. 17%, and grade 3–4 rash, 5% vs. 2% in the control arm. 
As with other PIs, thrombocytopenia was also higher, all grades, 31% vs. 16%, and 
grade 3–4, 19% vs. 9%.

Based on the encouraging findings in the TOURMALINE-MM1 study, the FDA 
approved ixazomib in November 2015 as part of a combination with lenalidomide and 
dexamethasone in patients with relapsed disease who have received at least one prior 
therapy. This was an important advance as an all oral triplet combination for relapsed 
disease. As treatment duration becomes longer (especially given the tolerability and 
efficacy of treatment), convenience for patients will also become increasingly impor-
tant, and the availability of a PI as an oral agent may be a determining factor.
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5.5.4  Proteasome Inhibitors Under Development

Two PIs under development include oprozomib and marizomib. Oprozomib (ONX 
0912) is an expoxyketone analogous to carfilzomib but can be administered orally. 
Based on promising preclinical activity [54], oprozomib has been evaluated as a single 
agent and in combination with lenalidomide and dexamethasone or in combination with 
pomalidomide and dexamethasone. For example, a phase Ib/II trial evaluated oprozo-
mib with dexamethasone in patients with 1–5 prior lines of therapy [55]. While this 
combination showed an ORR of 41.7%, gastrointestinal adverse events were notable in 
this trial (and in other oprozomib trials), with grade 3 diarrhea (21%) and nausea (10%).

Marizomib (NPI-0052) is a natural lactone compound derived from the marine 
actinomycetes Salinispora tropica [31]. Compared to bortezomib and carfilzomib, 
marizomib is unique in that it irreversibly inhibits both the chymotrypsin-like β5 
and the trypsin-like β2 subunits, and preclinical models show that marizomib has 
synergistic anti-MM activity with pomalidomide [56]. Marizomib is given IV. A 
phase I study evaluated the combination of marizomib with pomalidomide and 
dexamethasone in patients with two or more prior lines of treatment and who had 
received prior lenalidomide and bortezomib [57]. This study enrolled 20 patients 
who were heavily pretreated with a median of five prior lines of treatment and 
achieved an ORR of 64%; no DLTs were observed.

5.6  HDAC Inhibitors

Histone deacetylase (HDAC) inhibitors such as vorinostat and now panobinostat are 
an important new class of cancer therapeutics [58]. By increasing the acetylation of 
histones, HDAC inhibitors modulate the transcriptional profile of cells and affect 
nuclear events. There are also other nonhistone substrates of HDACs in the cyto-
plasm through which HDAC inhibitors have various effects, such as protein degra-
dation (via the aggresome) and protein-protein interactions.

In multiple myeloma, preclinical work with myeloma cell lines showed that 
HDAC inhibition synergizes with bortezomib, leading to mitochondrial dysfunction 
and apoptosis [59, 60]. However, as single agents, HDAC inhibitors are not active 
in MM. Clinical work with HDAC inhibitors began with the pan-HDAC inhibitor, 
vorinostat. VANTAGE 088 was a phase III trial of vorinostat in combination with 
bortezomib compared to bortezomib alone on a 21-day schedule in relapsed/refrac-
tory MM with 1–3 prior lines of therapy [61]. While this study showed significant 
improvement in progression-free survival, the difference was only 0.8 months (7.63 
vs. 6.83 months) and not clinically meaningful.

5.6.1  PANORAMA 1

Panobinostat (LBH589) is another oral pan-HDAC inhibitor. PANORAMA 1 was a 
phase III trial comparing panobinostat, bortezomib, and dexamethasone to bortezo-
mib and dexamethasone in a similar patient population as VANTAGE 088 with 1–3 
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prior lines of therapy [17]. Patients with disease refractory to bortezomib were 
excluded. Panobinostat 20 mg was given on days 1, 3, 5, 8, 10, and 12, and bortezo-
mib was given IV on a conventional 21-day schedule on days 1, 4, 8, and 11. This 
study enrolled 768 patients, and the median progression-free survival was signifi-
cantly longer in the panobinostat arm, 11.99 months vs. 8.08 months in the control 
arm (p < 0.0001). ORR trended higher in the panobinostat arm, 60.7% vs. 54.6% 
(p = 0.09). However, similar to the VANTAGE 088 trial, there was more grade 3–4 
diarrhea in the panobinostat arm (25%) than in the control arm (8%). Deaths due to 
other causes besides progressive disease were also higher than in the panobinostat 
arm (7% vs. 3%). Given some of these concerns, the FDA decided against acceler-
ated approval of panobinostat as second-line therapy in November 2014.

Panobinostat was reevaluated in 2015 as third-line therapy. In a prespecified sub-
group analysis of 193 patients who received prior treatment with both bortezomib 
and an IMiD and a median of two prior therapies, the benefit of panobinostat was 
significantly higher in this population. The median PFS was 10.6 months in the pano-
binostat arm vs. 5.8 months in the control arm, and the ORR was also higher, 59% 
vs. 41%, respectively. Given the larger benefit in this more challenging to treat patient 
population, the FDA gave panobinostat accelerated approval in February 2015  in 
patients who received at least two prior lines of therapy, including bortezomib and an 
IMiD [62]. However, there is a boxed warning for diarrhea and cardiac events and 
arrhythmias, given the association between panobinostat and QT prolongation.

The ideal way to partner therapies with panobinostat remains to be determined, 
giving that the field has moved to giving bortezomib weekly and SC (given the bet-
ter tolerability of this schedule and to minimize risk of peripheral neuropathy) rather 
than twice/week IV as was originally studied in the PANORAMA 1 trial. Newer 
combination strategies and dosing schedules may enhance efficacy, improve toler-
ability, and decrease some of the toxicities such as diarrhea. The approval of pano-
binostat sets the stage for other combinations such as with RVD (e.g., NCT01965353) 
and with carfilzomib (NCT01549431) in relapsed disease.

5.6.2  HDAC Inhibitors Under Development

Selective inhibition of specific HDACs is under active investigation. HDAC6 regulates 
acetylation of α-tubulin and the aggresome degradation pathway, and myeloma cells 
are vulnerable to HDAC6 inhibition [63]. Selective inhibition of HDAC6 may have an 
improved side effect profile compared to the pan-HDAC inhibition from vorinostat or 
panobinostat. The HDAC6-specific inhibitor ricolinostat (ACY-1215) has been in 
phase I and II clinical trials in combination with bortezomib (NCT01323751), lenalid-
omide (NCT01583283), or pomalidomide (NCT01997840) [64]. For example, the 
combination of ricolinostat and lenalidomide and dexamethasone was evaluated in 38 
patients with one or more prior lines of therapy [65]. A maximum tolerated dose of 
ricolinostat was not reached. Common grade 3–4 hematologic adverse events included 
neutropenia (34%), anemia (5%), and thrombocytopenia (5%). Non-hematologic 
grade 3–4 adverse events included fatigue (18%) and diarrhea (5%). The ORR was 
55%, and in patients who were refractory to lenalidomide, the ORR was 25%; the 
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median PFS was 20.7 months. Notably, the frequency of diarrhea was less than with 
panobinostat, suggesting a beneficial effect of selective HDAC6 inhibition and/or the 
combination with an immunomodulatory rather than a PI. These findings suggest that 
the addition of ricolinostat to a lenalidomide- dexamethasone backbone adds to the 
efficacy of treatment without significantly adding additional toxicity.

5.7  Combinations of Immunomodulatory Drugs 
and Proteasome Inhibitors

Regimens based on the combination of an IMiD and a PI are active and well tolerated, 
and they are routinely used throughout the different phases of MM therapy. This com-
bination was motivated on preclinical data showing potentiation of proteasome inhi-
bition with IMiDs [66]. The following are examples of combinations in routine use:

5.7.1  Lenalidomide, Bortezomib, and Dexamethasone (RVD)

A phase I trial studied the combination of lenalidomide given on days 1–14 with 
bortezomib given IV on a conventional 21-day schedule in patients with relapsed/
refractory study [67]. Dexamethasone was added to patients who had progressive 
disease. This study demonstrated efficacy in patients previously treated with lenalid-
omide or bortezomib and a MTD of lenalidomide 15 mg and bortezomib 1 mg/m2 
in this patient population, with an ORR of 39% and a median time to progression of 
7.7 months. A larger phase II study with up-front use of dexamethasone in addition 
to lenalidomide and bortezomib (RVD) showed a higher response rate, with an ORR 
of 64%, median PFS 9.5 months, and median OS 30 months [68]. Of note, in this 
trial, 53% had prior bortezomib treatment, and only 6% had prior lenalidomide; the 
median number of prior treatments was 2. The rate of grade 3 peripheral neuropathy 
(3%) was lower than previous trials with bortezomib, which may reflect the lower 
dose of bortezomib of 1 mg/m2 or the concomitant dosing of dexamethasone.

In our practice, when we give RVD in the relapsed setting, we generally give bortezo-
mib on a weekly schedule, SC, for 4 out of 5 weeks with lenalidomide 15 mg on days 
1–21 and then 14 days off, with dexamethasone the day of and day after bortezomib 
(similar to the “RVD-lite” schedule for newly diagnosed, transplant- ineligible patients 
[69]). Other schedules, such as a 28-day schedule where bortezomib is given on days 1, 
8, and 15 combined with a traditional lenalidomide schedule, are in use as well [70].

5.7.2  Carfilzomib, Lenalidomide, and Dexamethasone 
(KRd-ASPIRE Trial)

The ASPIRE trial was a phase III trial that examined the combination of carfilzomib 
with lenalidomide and dexamethasone (KRd) compared to lenalidomide and dexa-
methasone in relapsed MM [16]. Patients were eligible to participate if they received 
1–3 prior lines of therapy. Prior lenalidomide and bortezomib treatment were 
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permitted if there was no disease progression with these drugs; the majority of 
patients (80.2%) had not seen prior lenalidomide therapy. Carfilzomib was given on 
days 1, 2, 8, 9, 15, and 16 on a 28-day cycle, with 20 mg/m2 on the first 2 days of 
cycle 1 and then increased to 27 mg/m2 subsequently. From cycles 13–18, the second 
week of carfilzomib was omitted. After cycle 18, carfilzomib was discontinued. 
Lenalidomide was given 25 mg on days 1–21 with dexamethasone 40 mg weekly; 
the same schedule of lenalidomide and dexamethasone was given in the control 
group. The ORR was significantly higher in the carfilzomib arm compared to the 
control arm, 87.1% vs. 66.7% (p < 0.001), and similarly the carfilzomib arm had a 
higher complete response rate, 31.8% vs. 9.3%. The median progression-free sur-
vival was 26.3 vs. 17.6 months (p = 0.001). The depth and duration of response in the 
treatment arm were unprecedented (though the control group also had a high response 
rate), and serious adverse events were uncommon. However, grade 3–4 dyspnea 
(2.8%), hypertension (4.3%), and cardiac failure (3.8%) were higher in the carfilzo-
mib group, showing a similar toxicity profile seen in, e.g., the ENDEAVOR trial.

5.7.3  Carfilzomib, Pomalidomide, and Dexamethasone (KPd)

A phase I study evaluated the combination of carfilzomib, pomalidomide, and dexa-
methasone in patients with disease refractory to prior lenalidomide treatment [71]. A 
total of 32 patients were enrolled; they had received a median of 6 prior lines of treat-
ment (range 2–12), and 100% were refractory to lenalidomide, and 97% were refrac-
tory to bortezomib. The starting dose level for carfilzomib was 20 mg/m2 for the first 
2  days and then increased to 27  mg/m2 on a conventional carfilzomib schedule; 
pomalidomide was 4 mg on days 1–21; and dexamethasone was given 40 mg weekly. 
The maximum tolerated dose was dose level 1, likely reflecting the extensive treat-
ment history of this patient population. Toxicities included grade ≥3 anemia (19%), 
thrombocytopenia (22%), and neutropenia (44%). Grade ≥3 non-hematologic toxici-
ties were not common but did include two pulmonary embolism events with one 
death and four cases of pneumonia with one death. The ORR was 50% with a median 
PFS of 7.2 months, which is notable given that all patients were refractory to lenalid-
omide and nearly all were refractory to bortezomib. This trial showed that this regi-
men showed significant activity in a heavily pretreated, double refractory cohort, 
with side effect profile typical for an IMiD and PI combination.

5.7.4  Pomalidomide, Bortezomib, and Dexamethasone (PVD)

The MM-005 study evaluated in a phase I study the combination of pomalidomide, 
bortezomib, and dexamethasone in patients who had 1–4 prior lines of treatment 
and ≥2 cycles of lenalidomide plus a PI [72]. Patients had to be refractory to lenalid-
omide but not refractory to bortezomib. Treatment was given on a 21-day cycle, 
with pomalidomide on days 1–14; bortezomib (IV or SC) on days 1, 4, 8, and 11; 
and dexamethasone 20 mg on day of and day after bortezomib. The study enrolled 
34 patients. There were no dose-limiting toxicities at the maximum planned dose of 
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pomalidomide 4 mg and bortezomib 1.3 mg/m2. The ORR was 65% with two com-
plete responses. There were more grade ≥3 toxicities with IV than SC bortezomib, 
including neutropenia (80% vs. 25%) and thrombocytopenia (40% vs. 17%).

The Mayo Clinic evaluated the same combination in a similar patient population, 
though prior PI treatment was not required and the regimen was on a 28-day sched-
ule [73]: pomalidomide 4 mg on days 1–21 and bortezomib (IV or SC) given on 
days 1, 8, 15, and 22. The study enrolled 47 patients, with a median of two prior 
lines of treatment. In this trial, the ORR was 85% (≥ VGPR 45%) with a median 
PFS of 10.7 months. Grade ≥3 hematologic toxicities included neutropenia (68%) 
and anemia (2%) and thrombocytopenia (2%). These trials suggest that the PVD 
combination is highly active in MM refractory to lenalidomide and that weekly 
administration is associated with less adverse events.

Finally, OPTIMISMM (MM-007) is an ongoing phase III study to evaluate the 
combination of pomalidomide, bortezomib, and dexamethasone vs. bortezomib and 
dexamethasone in patients with 1–3 prior lines of treatment. In this trial, the treat-
ment is given over a 21-day schedule, and bortezomib was given IV initially but is 
now permitted to be given SC.

5.7.5  Pomalidomide, Ixazomib, and Dexamethasone

A phase I/II study evaluated the combination of pomalidomide, ixazomib, and dexa-
methasone [74]. Patients who had two or more lines of therapy and who were refrac-
tory to lenalidomide and PIs were eligible to participate. Pomalidomide 2–4 mg was 
given for 21 out of 28 days with ixazomib (2.3–4 mg) on days 1, 8, and 15, with 
weekly dexamethasone, on a 28-day schedule. The trial enrolled 22 patients with a 
median of three prior lines of treatment. At the time of this writing, the trial is at dose 
level 4 (4 mg of pomalidomide with 4 mg of ixazomib). Grade 3–4 hematologic 
toxicities were as expected with an IMiD and PI combination, with grade 3–4 neu-
tropenia (41%) and thrombocytopenia (18%). Rash adverse events were mild with 
one grade 1 and one grade 2 event. The ORR was 55%, including an ORR of 50% in 
patients who were dual refractory to the combination of lenalidomide with a PI.

5.8  Elotuzumab

Monoclonal antibodies designed against cell surface proteins such as CD20 (ritux-
imab) or HER2 (trastuzumab), cytokines such as VEGF (bevacizumab), and now 
immune checkpoints such as PD1 (e.g., pembrolizumab) have transformed oncology 
care and are routinely used across nearly all tumor types. Elotuzumab is the first 
approved monoclonal antibody for myeloma [15]. Specifically, elotuzumab is a 
humanized recombinant monoclonal IgG1 antibody that targets signaling lymphocyte 
activation molecule (SLAMF7), also known as CS1 (CD2-subset-1). SLAMF7 is a 
cell surface glycoprotein that is highly expressed on both normal and MM plasma 
cells and is also found to a lower extent, on lymphocytes such as natural killer (NK) 
cells; it is absent in other tissues and hematopoietic stem cells [75, 76]. Expression of 
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SLAMF7 is nearly universal in MM, irrespective of cytogenetic abnormalities and 
degree of disease progression. Elotuzumab is proposed to have several modes of 
action: flagging myeloma cells for recognition by NK cells (i.e., antibody- dependent 
cellular cytotoxicity of MM cells involving natural killer (NK) cells) and enhancement 
of NK cell activity against MM cells by binding to SLAMF7 found on NK cells [77].

5.8.1  ELOQUENT-2

As a single agent, elotuzumab does not show significant clinical activity [78]. 
However, when combined with lenalidomide and dexamethasone, a phase I/II trial 
in relapsed or refractory MM showed an ORR of 84% with a median progression- 
free survival of 29 months [79]. More recently, a phase III study, ELOQUENT-2, 
compared the combination of elotuzumab, lenalidomide, and dexamethasone to 
lenalidomide and dexamethasone in patients with relapsed disease [15]. Patients 
with one to three prior lines of therapy were eligible to participate. Of note, the trial 
limited enrollment of patients with prior lenalidomide treatment to 10%, and these 
patients had to previously demonstrate at least a partial response to lenalidomide. 
Elotuzumab 10 mg/kg was given weekly for the first two cycles and then every other 
week. Lenalidomide and dexamethasone were given according to a conventional 
28-day schedule. This trial enrolled 646 patients with a median of two prior lines of 
therapy. A significant proportion had high-risk cytogenetics (32% with del(17p) and 
9% with t(4;14)). The elotuzumab-containing arm had superior progression-free 
survival (19.4 vs. 14.9 months in the control group, hazard ratio 0.7, p < 0.001), and 
the ORR was also higher (79% vs. 66%, p < 0.001). Adverse effects were similar 
between both arms, except for infusion reactions with elotuzumab (10% grade 1–2). 
Taken together, ELOQUENT-2 is the first study to show the benefit of adding a 
monoclonal antibody to conventional treatment in MM.  In November 2015, the 
FDA approved elotuzumab in combination with lenalidomide and dexamethasone 
in patients who have received one to three prior lines of treatment.

5.9  Daratumumab

Daratumumab is a human IgG1κ monoclonal antibody that targets CD38, a trans-
membrane glycoprotein expressed in high levels myeloma cells but also found at 
low levels on lymphoid and myeloid cells [80]. Daratumumab was initially approved 
by the FDA in November 2015 for relapsed disease after three or more prior lines of 
therapy or who are double refractory to a PI and an IMiD, based on the results of 
two phase II trials showing significant single-agent activity [81, 82].

Notably, the following year, in 2016, saw the presentation of two pivotal phase III 
trials evaluating combinations with daratumumab in earlier stages of relapse. The 
CASTOR study (MMY3004) randomized patients with relapsed disease after one or 
more prior lines of treatment to daratumumab with bortezomib given SC and dexa-
methasone (on a 21-day schedule) vs. a doublet of bortezomib and dexamethasone 
[11]. The ORR and PFS were significantly higher in the daratumumab arm, 82.9% 
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vs. 63.2% (p < 0.001) and not estimable vs. 7.2 months, respectively, with a HR of 
0.39 (p < 0.001). The POLLUX study (MMY3003) randomized patients with one or 
more prior lines of therapy to daratumumab with lenalidomide and dexamethasone 
vs. a doublet of lenalidomide and dexamethasone [83]. Patients with prior lenalido-
mide exposure who did not have disease refractory to lenalidomide were permitted 
to enroll, though this group comprised a small proportion of the trial population, 
18%. Similar to the CASTOR study, the daratumumab arm had significantly higher 
ORR and PFS, 93% vs. 76% (p < 0.0001) and not estimable vs. 18.4 months, respec-
tively, with a HR of 0.37 (p < 0.0001). Moreover, in the POLLUX trial, 22.4% of 
patients in the daratumumab arm achieved absence of minimal residual disease (sen-
sitivity of 1 tumor cell per 105 white blood cells) compared to 4.6% in the control 
arm. The most common significant adverse events with both of the daratumumab 
combinations were neutropenia, thrombocytopenia, and anemia. Infusion-related 
reactions occurred in 45.3–47.7% of patients receiving daratumumab and were 
mostly grade 1 or 2. Almost all reactions occurred during the first infusion.

Both the CASTOR and POLLUX trials showed unprecedented improvement in 
outcomes in relapsed disease with the addition of daratumumab to standard doublet 
regimens while preserving excellent tolerability. In particular, the POLLUX sets a 
new bar for depth of response with achievement of negative minimal residual dis-
ease in nearly a quarter of patients, which has not been previously described in the 
relapsed setting. These findings establish the use of daratumumab combination ear-
lier in the course of the disease and led to the approval by the FDA in November 
2016 for patients with disease relapse after one prior line of therapy.

5.9.1  Combinations with Cyclophosphamide

5.9.1.1  Cyclophosphamide, Bortezomib, and Dexamethasone 
(CyBorD)

The combination of cyclophosphamide, bortezomib, and dexamethasone (CyBorD or 
VCD) is a standard, commonly used regimen in newly diagnosed patients, with an 
ORR of 93–100% [43, 84]. In relapsed disease, the outcomes of 55 patients with a 
mean number of 3.3 prior lines of treatment who were treated with CyBorD were 
reported [85]. Cyclophosphamide was given 300 mg/m2 orally weekly, and bortezo-
mib was given weekly at various dosing schedules (the majority received 1.5 mg/m2 
IV weekly), with dexamethasone 40 mg orally weekly, on a 28-day cycle. The ORR 
was 71%, 26% had VGPR or better, and 13% had a complete response (CR). Of note, 
patients who were naïve to PIs had an ORR of 95% vs. 57% (p = 0.004) who had prior 
exposure. Grade 1 peripheral neuropathy occurred in 16%, and 2% were grade 2; no 
patients had grade 3 or worse peripheral neuropathy. Median PFS was 9.2 months; in 
PI-naïve patients, it was 14.8 vs. 5.2 months (p = 0.002) in PI-exposed patients.

5.9.1.2  Carfilzomib, Cyclophosphamide, and Dexamethasone (CCyD)
Carfilzomib has also been combined with cyclophosphamide and dexamethasone as 
a treatment regimen in a phase II study newly diagnosed patients who were not 
transplant eligible [86]. In this study, carfilzomib was given on a standard schedule 
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on days 1, 2, 8, 9, 15, and 16 on a 28-day cycle at 20 mg/m2 on days 1 and 2 of cycle 
1 and then 36 mg/m2 subsequently. Cyclophosphamide 300 mg/m2 orally was given 
on days 1, 8, and 15, and dexamethasone 40 mg was given orally on days 1, 8, 15, 
and 22. This study found a high response rate with an ORR of 95% and 20% strin-
gent CR.  In this older, transplant-ineligible patient population, the adverse event 
rate was comparable to other regimens, with grade ≥3 neutropenia (20%) and ane-
mia (11%) and cardiopulmonary adverse events (7%). This regimen is currently 
being evaluated in patients after one prior line of treatment and compared to CyBorD 
in the Myeloma UK five study [87]. In this study, the dosing is similar to the regi-
men in newly diagnosed patients, though cyclophosphamide is given at 500 mg. 
Preliminary toxicity data has been presented so far, with grade ≥3 hematologic 
adverse events including anemia (19.4%), neutropenia (12%), and thrombocytope-
nia (10.5%) and non-hematologic ≥ grade 3 including infections (20.9%).

5.10  Salvage Infusional Regimens

In select patients who are experiencing an aggressive, rapid relapse with, e.g., a high 
burden of extramedullary disease and where there is an urgent need for cytoreduction, 
a salvage infusional regimen combining traditional cytotoxic drugs may be appropri-
ate. These regimens include DCEP (dexamethasone, cyclophosphamide, etoposide, 
cisplatin), VTD-PACE (bortezomib, thalidomide, dexamethasone, cisplatin, doxoru-
bicin, cyclophosphamide, etoposide), and CVAD (dexamethasone, cyclophospha-
mide, vincristine, and doxorubicin). In some cases, these regimens may be used as a 
“bridge” to autologous stem cell transplant or to the next line of therapy. A retrospec-
tive analysis evaluated the use of these three infusional regimens in 107 patients who 
had received a median of three prior lines of treatment [88]. There was no difference 
in survival across these regimens, with an overall median PFS of 4.5 months and a 
median OS of 8.5 months across the entire cohort. Toxicities were significant, includ-
ing febrile neutropenia (DCEP, 29%; VTD-PACE, 50%; and CVAD, 39%) and treat-
ment-related mortality (DCEP, 6%, VTD-PACE 5%, and CVAD 9%).

5.10.1  Salvage Autologous Stem Cell Transplant

A salvage autologous stem cell transplant (SCT) may be considered as another 
treatment modality for patients in their first or second relapse. Prior to a salvage 
SCT, induction chemotherapy using e.g., a regimen described in this chapter is typi-
cally given. As a general rule of thumb, the PFS from a salvage SCT is generally 
half of that obtained from the initial transplant [89]. A retrospective study of 81 
patients who received a salvage autologous SCT compared outcomes for patients 
who relapsed ≤24 months after their initial SCT vs. patients who had disease relapse 
>24 months [90]. The former group had a significantly worse PFS of 9.83 months 
and OS of 28.47 months, compared to the latter group with PFS of 17.3 months and 
OS of 71.3 months (p < 0.05 and p = 0.006, respectively). Similar findings were 
seen in a larger retrospective study of 187 patients: patients who underwent a 
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salvage SCT ≥36 months after the initial SCT had the most benefit, with 3-year 
overall survival of 58% vs. 42% in patients who underwent a SCT <36 months [91]. 
In a smaller study of 30 patients who underwent salvage SCT, patients who under-
went transplant <18 months after relapse from the initial transplant had a median 
progression- free survival of only 4.2 months [92]. Based on these findings, patients 
who relapse less than 18 months should consider reinduction chemotherapy rather 
than pursuing a salvage autologous SCT.

Furthermore, while an autologous SCT is an option for patients who have 
enjoyed a long time in remission prior to relapse, an ongoing question is whether 
or not high-dose treatment is superior to standard treatment. A retrospective study 
of 172 patients did not find a significant difference in event-free survival (1.3 vs. 
0.9 years, p = 0.73) or overall survival (2.9 vs. 1.7 years, p = 0.07) in patients who 
received autologous SCT vs. conventional chemotherapy [93]. A phase III trial 
examined this question, the Myeloma X (Intensive) Trial, evaluating 297 patients 
who had relapsed 18 months after a previous autologous SCT and randomizing 
them to high-dose melphalan plus salvage autologous SCT vs. oral cyclophospha-
mide 400  mg/m2/week for 12  weeks [94]. Prior to randomization, all patients 
received induction treatment with bortezomib, doxorubicin, and dexamethasone; 
174 patients were ultimately randomized. The median time to progression was 
significantly longer in the ASCT group, 19 vs. 11 months (p < 0.0001). An updated 
analysis of the study showed an improvement in overall survival in the ASCT 
group, 67 vs. 52 months (p = 0.022) [95]. However, a significant limitation of the 
study is the use of oral cyclophosphamide, a regimen that is no longer commonly 
used with the availability of more effective treatments, suggesting that the differ-
ence between ASCT and conventional treatment may be less pronounced with 
more modern treatment regimens.

5.10.2  Allogeneic Stem Cell Transplant

In certain circumstances, allogeneic SCT is another option for patients at time of 
first or second relapse, especially fitter patients with high-risk features and who 
have a suitable donor. However, several older retrospective analyses comparing 
allogeneic transplant vs. autologous transplant suggest a higher non-relapse mortal-
ity rate and worse PFS and OS with the allogeneic approach [89, 96].

5.11  Choice of Treatment

As is true with the initial treatment, multiple factors play into the choice of treat-
ment for relapsed disease. These include host factors, such as the performance sta-
tus or frailty of the patient and disease-specific factors. A patient presenting with 
extramedullary disease or acute onset of hypercalcemia and renal dysfunction may 
warrant more aggressive treatment than a patient with a slowly rising monoclonal 
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protein (who may be closely observed). The time of the relapse is also important 
too, as patients who relapse early, for example, less than a year after an autologous 
SCT (which occurs in 24% of patients undergoing autologous SCT), have a worse 
prognosis [97]. This finding continues to hold true when more novel induction treat-
ment regimens are used, with patients with an early relapse having a median OS of 
20 months following SCT compared to 93 months [98]. For patient with an early 
relapse, more aggressive treatment, e.g., with a triplet regimen, should be 
considered.

The prior treatment history also needs to be carefully reviewed to assess expo-
sure history as well as toxicity to treatments, such as peripheral neuropathy. 
Significant cardiac disease should also be noted. The treatment schedule also may 
play a role, depending on the patient’s ability to travel for treatment, which may 
be influenced by the patient’s level of fitness and performance status. Related to 
the schedule is also convenience, e.g., the ability to self-administer ixazomib at 
home.

5.11.1  Retreatment

Conventionally, in oncology practice, retreatment with the same agent following 
progression is deferred given assumptions about drug resistance [99]. In MM, given 
its natural history of response followed by relapse, patients may need to be retreated 
with similar regimens over the course of their illness. The RETRIEVE study showed 
the efficacy of retreatment with bortezomib [100]. This prospective study enrolled 
130 patients who relapsed 6 months or more after having achieved at least a partial 
response to bortezomib. The median time from prior bortezomib treatment was 
13.9 months (range, 5–39 months). During retreatment, 28% of patients received 
bortezomib alone, and 72% received bortezomib with dexamethasone. Bortezomib 
was given IV according to the standard 21-day schedule. There were no grade 3 or 
higher neuropathy adverse events. The ORR was 40%, indicating that retreatment 
with bortezomib was effective. Similar findings were also seen in an updated analy-
sis of the VISTA trial, which was a randomized trial comparing VMP (bortezomib, 
melphalan, and prednisone) to MP (melphalan and prednisone) in newly diagnosed 
patients who were not eligible for high-dose treatment [101]. In this study, for 
patients with relapsing disease where the treatment-free interval was ≤12 months, 
the response rate was 25% for bortezomib retreatment compared to 71% for patients 
where the treatment-free interval was >12 months.

Retreatment with IMiDs was examined in a retrospective study of 140 patients 
who received either thalidomide-dexamethasone or lenalidomide-dexamethasone 
for treatment of relapsed disease [102]. These patients had received a median of two 
prior lines of treatment, including a SCT in 75%. In patients who previously received 
lenalidomide, retreatment with lenalidomide had an ORR of 54%. In patients who 
discontinued first-line lenalidomide therapy because of disease progression, the 
ORR was 25%. Of note, retreatment with thalidomide had a lower response rate 
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after prior lenalidomide (ORR 20%) or prior thalidomide (ORR 30%). This study 
indicates that patients who had disease progression with prior lenalidomide therapy 
can still achieve a response with retreatment with lenalidomide.

 Conclusions
The treatment options for MM patients with relapsed disease have expanded 
remarkably in the past 4 years, with the FDA approval of carfilzomib in July 
2012 followed by pomalidomide in February 2013, panobinostat in February 
2015, and recently an unprecedented three approvals in November 2015: daratu-
mumab, ixazomib, and elotuzumab. These new additions are effective with very 
manageable side effects, improving survival for patients and enhancing their 
quality of life. The field is also moving toward more active and equally  important, 
well-tolerated, three-drug combinations. Ongoing studies will better define the 
sequence and the components of these regimens.
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6Treatment of Patients in Third Relapse 
and Beyond Including Double- 
Refractory Disease

Douglas Tremblay, Siyang Leng, and Ajai Chari

6.1  Introduction

In the last 15 years, the approval of multiple new anti-myeloma agents has led to 
significant improvement in outcomes for patients with relapsed and refractory dis-
ease. However, the expanded repertoire of treatment options produces increasingly 
complex treatment decisions. Patients experiencing a third relapse or beyond typi-
cally have more aggressive disease and are heavily pretreated, making their treat-
ment choices more challenging. This is highlighted in a prospective database of 578 
patients, where the median event-free survival for the third, fourth, and fifth relapse 
were 6, 4.5, and 4 months, respectively. This is in contrast to event-free survival of 
first and second relapses that were 10 and 7 months, respectively, highlighting that 
a remission after third relapses is generally less durable [1]. Even in the era of novel 
therapies, patients refractory to treatment have poor outcomes.

In addition to the number of relapses, double-refractory disease (i.e., refractory 
to both bortezomib and thalidomide or lenalidomide), in particular, carries an 
extremely poor prognosis, with a progression-free survival (PFS) of 5 months and 
overall survival (OS) of 9 months [2]. There are many options from currently avail-
able classes of therapies (Table  6.1). In the setting of double-refractory disease, 
second-generation proteasome inhibitor carfilzomib and third-generation immuno-
modulatory (IMiD) pomalidomide have demonstrated efficacy. These and the other 
approved agents have been explored in combination therapy (Table 6.2). The his-
tone deacetylase inhibitor (HDAC) inhibitors (e.g. panobinostat) are promising 
agents, particularly in combination therapy. Unfortunately, the survival of patients 
with multiple relapses and double-refractory disease remains poor, highlighting the 
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need for a better understanding of the biology of multiple myeloma to develop novel 
agents and targeted therapies.

This chapter will review the currently available therapies for patients experienc-
ing third relapse after at least two lines of therapy, as well as the treatment of double- 
refractory disease, with a particular attention paid toward novel therapies in 
development for aggressive, relapsing myeloma.

6.2  Factors Affecting Selection of Therapy

6.2.1  Biochemical Versus Symptomatic Relapse

Patients who present with a biochemical relapse but without worsening in symp-
toms may, under certain circumstances, be observed before initiating salvage ther-
apy. However, even in the absence of symptoms, if there is a history of complications 
from myeloma, known high-risk disease, or high tumor burden, treatment should 
likely be initiated sooner rather than later.

6.2.2  Patient Comorbidities

Patients may suffer from renal impairment, hepatic impairment, and other comor-
bidities which may affect the selection of an agent at relapse. Renal impairment, 
from disease related or other comorbidities, should not affect the dose of corticoste-
roids, proteasome inhibitors [15], thalidomide [16], pomalidomide [17, 18], cyclo-
phosphamide [19], liposomal doxorubicin [20], bendamustine [21], and panobinostat 
[22]. However, treatment with lenalidomide and melphalan requires dose adjust-
ment, as decreased renal clearance causes increases in blood levels and resultant 
worsening myelosuppression [23]. Additionally, personalized strategies for elderly 
patients, with particular attention being paid to the assessment of their frailty, comor-
bidities, and disabilities, would likely improve tolerability and outcomes [24].

6.2.3  Prior Drug Exposures

Reviewing prior drug exposures is crucial to determining a treatment plan for 
relapsed or refractory disease. Patients who have not been exposed to particular 
IMiDs or PIs, for example, should be treated with regimens containing these. Even 
if patients have been exposed to particular agent, if a drug was well tolerated and 
produced a response that was durable, without relapse for over 6 months, they may 
benefit from re-treatment. While many agents (e.g., lenalidomide, pomalidomide, 
carfilzomib) are used until progression, initial bortezomib studies were given for 
fixed duration. In the RETRIEVE trial, 130 relapsed patients who had previously 
responded to bortezomib were retreated with bortezomib plus dexamethasone. The 
overall response rate (ORR) was 40%, without a cumulative toxicity burden [25]. 
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A meta-analysis including 1051 patients who were relapsed or refractory retreated 
with bortezomib showed that ORR was 39.1%. Relapsed patients had a higher ORR 
than refractory patients [26]. Taken together, these data suggest that bortezomib is 
efficacious in re-treatment, although this option is better reserved for relapsed rather 
than refractory patients.

6.2.4  Genomics

Cytogenetic abnormalities that portend a poorer prognosis may also dictate treatment. 
For instance, t(4;14) mutation is associated with worse event-free survival and overall 
survival [27]. However, bortezomib and carfilzomib treatment have been shown to 
improve EFS and OS in patients with t(4;14), thereby overcoming this mutation’s 
negative prognostic value and resulting in reclassification as standard risk [28, 29].

Del(17p) is also associated with worse outcomes in patients with multiple 
myeloma [27]. Recently pomalidomide has demonstrated activity in patients with 
this cytogenetic abnormality, with improved 4-month PFS [30]. Additionally, ixazo-
mib has also been shown to have a potentially favorable impact on the adverse 
prognosis conferred by high-risk genetic alterations. In combination with lenalido-
mide and dexamethasone, ixazomib increased PFS, with similar benefits seen in the 
del(17p) and t(4;14) subgroup [31]. Although these findings are promising, more 
research is required to understand the difference in cytogenetics at relapse and how 
it relates to prognosis and treatment decisions. Moreover, without phase III studies 
comparing novel therapy to conventional therapy stratified by standard-risk and 
high-risk disease, it is difficult to determine whether a novel agent merely improves 
the outcomes of high-risk feature or actually is able to overcome such risk [32].

Other genomic findings play a role in treatment as drugs typically reserved for 
treatment of other malignancies can be repurposed against myeloma in specific cir-
cumstances. For instance, patients with BRAF-mutated multiple myeloma may ben-
efit from BRAF inhibitors. For instance, the BRAF inhibitor vemurafenib has been 
successfully used in two patients with BRAF-V600E-mutated MM [33]. MEK inhibi-
tors are also actively being investigated given the implication of Ras/MAPK pathway 
in the pathogenesis MM [34]. These examples highlight how comprehensive genomic 
profiling can identify genomic driver mutations to develop a rationalized therapy plan. 
Commercially available assays have been utilized for this effect. For instance, 214 
patients with multiple myeloma underwent comprehensive genomic profiling on 
CD138-selected bone marrow cells, showing 147 clinically relevant alterations [35].

6.3  Currently Available Drug Classes

6.3.1  Carfilzomib

Carfilzomib has demonstrated clinical benefit in relapsed myeloma with low num-
ber of prior lines of therapy in the ASPIRE trial [36] and when compared with 
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bortezomib in the ENDEAVOR trial [37]. Carfilzomib is currently FDA approved at 
the dose of 27 mg/m2 for the treatment of patients who have received at least two 
prior lines of therapy. However, at a higher dose of 56 mg/m2, carfilzomib can safely 
be administered with an improved ORR of 55–77% [37, 38]. For patients who have 
progressed with standard dosing carfilzomib, they may be able to be recaptured with 
high dose. This has been demonstrated in our study of 13 patients refractory to 
carfilzomib 27 mg/m2 with 4.5 median lines of prior therapy, who were given 56 mg/
m2 and had an ORR of 42%, with a clinical benefit rate (CBR, i.e., ≥ minor response) 
of 58% [39], with a larger, confirmatory randomized study led by SWOG.

6.3.2  Ixazomib

Ixazomib is an oral proteasome inhibitor. In phase I study, it was shown to have 
ORR of 15–20% and SD of 30–60% in the relapsed/refractory population [40, 41]. 
In the phase III tourmaline-MM1 study, patients with relapsed/refractory myeloma 
who were not refractory to lenalidomide or proteasome inhibitors were treated with 
ixazomib, lenalidomide, and dexamethasone. Compared to those who received 
lenalidomide and dexamethasone, the ixazomib had a significant PFS advantage at 
interim analysis—20.6 vs. 14.7 months, without a significant increase in toxicity 
[31]. On the basis of these results, ixazomib was recently approved in combination 
with lenalidomide and dexamethasone by the FDA for the treatment of myeloma in 
patients who have received at least one prior therapy.

Ixazomib has also been investigated in a phase I/II study in patients with double- 
refractory disease who were treated with ixazomib, pomalidomide, and dexametha-
sone. This regimen demonstrated a favorable side effect profile and a best ORR of 
62% [42]. A phase I study of ixazomib and panobinostat is also under way in 
patients (10 out of 11 patients with double refractory), preliminary data showing 
that this regimen is well tolerated and has demonstrated three MRs [43]. Additional 
data about the efficacy of ixazomib in patients refractory to proteasome inhibitors is 
awaited, and numerous combination trials in refractory disease are under way.

6.3.3  Panobinostat

Panobinostat has demonstrated effectiveness in relapsed disease. In the phase III 
PANORAMA study, patients with 1–3 relapses were randomized to bortezomib 
with placebo or panobinostat. The panobinostat group had a PFS increase of 
3.9 months compared to placebo [44]. More importantly for the multiply relapsed 
and refractory population, in the phase II PANORAMA 2 study, 55 heavily pre-
treated bortezomib refractory patients were treated with panobinostat, bortezomib, 
and dexamethasone. The ORR was 34.5%; PFS was 5.4 months [45]. Panobinostat 
can also be used in combination with lenalidomide, as demonstrated in an ongoing 
phase II study, demonstrating an ORR of 41% with a CBR of 74%, including the 
activity in lenalidomide refractory patients (N = 22), with a 36% ORR and a median 
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PFS of 6.5 months [46]. Additionally, panobinostat in combination with carfilzomib 
has been explored as a therapeutic option in a phase I trial of patients with multiple 
relapses. An ORR of 50% was observed with 30% PR and 20% VGPR [47].

6.3.4  Pomalidomide

Pomalidomide, a thalidomide analog, has demonstrated anti-myeloma activity 
in  vitro and has produced promising results for relapsed MM.  In an open-label, 
international study of 455 patients with a median of 5 lines of prior therapy, patients 
were randomized to pomalidomide and dexamethasone versus high-dose dexameth-
asone alone. The trial was stopped early due to an interim analysis demonstrating a 
survival benefit for pomalidomide. In the pomalidomide group, PFS and OS were 
3.8 months and 11.9 months, respectively. This is in contrast to the dexamethasone 
alone group, which had a PFS of 1.9 months and OS of 7.8 months. The ORR was 
31% vs. 10% in favor of the pomalidomide group. This benefits to the overall sur-
vival and progression-free survival maintained in a subgroup analysis when includ-
ing patients with more than two previous treatments, demonstrating effectiveness in 
third relapse and beyond [9].

Pomalidomide has also been used in combination therapy. In a phase I/II trial of 
pomalidomide, cyclophosphamide and prednisone, 55 patients received treatment 
with an ORR of 51% and a median PFS of 10.4 months [48]. Clarithromycin has 
been shown to improve the efficacy of lenalidomide, so it has also been explored in 
combination with pomalidomide. In a phase II trial, this combination produced an 
ORR of 56%, 23% greater than VGPR, and a median PFS of 5 months [49]. Finally, 
pomalidomide has been investigated in combination with carfilzomib. In a heavily 
pretreated population (median of 6 prior lines of therapy), this combination had an 
ORR of 50%, with a median PFS of 7.2 months [14].

6.3.5  Salvage ASCT

Patients who have undergone an ASCT as an initial therapy or during a prior relapse 
may benefit from a second ASCT. A retrospective study at the Mayo Clinic of 98 
patients who underwent salvage ASCT, with a median of 3 prior chemotherapeutic 
agents, showed a PFS of 10.3 months with a median OS from the second ASCT of 
33 months. Higher number of treatment regimens prior to salvage ASCT predicted 
shorter PFS; however, OS was only shorter in patients who had a shorter time to 
progression after their first ASCT. Therefore, salvage ASCT should be considered 
as a therapeutic option during third relapse and beyond, particularly if a PFS was 
longer than 12 months after the first ASCT, or alternatively, to improve hematopoi-
etic reserve in those patients with heavy marrow replacement, as a bridge to subse-
quent therapy [50].
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6.4  Novel Drug Classes

Despite the approval of carfilzomib, pomalidomide, and panobinostat, there is a 
continued need for newer agents as patients continue to have remissions. While 
many agents demonstrate preclinical anti-myeloma activity, few demonstrate clini-
cally meaningful activity. A recent retrospective review of over 129 drugs explored 
as single agents in clinical trials demonstrated that only drugs with a mean response 
rate of 15% are in current clinical use. Additionally, all currently commonly used 
therapies had a RR of at least 20% [51]. This provides a framework for prioritizing 
large-scale phase III trials. Therefore, this section will only focus on agents 
(Table 6.3) that have achieved a single-agent response rate of at least 15–20% or, 
alternatively, have overcome drug resistance, as these are the agents most likely to 
be clinically relevant in the future.

6.4.1  Proteasome Inhibitor

Given the success of bortezomib and carfilzomib, there is now an active interest in 
the development of novel PIs for the treatment of relapsed MM. Marizomib is a 
marine-derived irreversible proteasome inhibitor which inhibits all three protease 
activities—chymotrypsin-like, trypsin-like, and caspase-like—of the 20S protea-
some in a manner distinct from that of bortezomib or carfilzomib. Preclinical studies 
suggest that cross-resistance to marizomib does not occur after exposure to other 
proteasome inhibitors [52]. A phase I/II clinical trial of marizomib with or without 
dexamethasone is ongoing. Thirty-four patients with relapsed/refractory MM 
(median 6 prior regimens) have been treated. Of 15 patients who had received the 
therapeutic dose range, three (all bortezomib refractory) attained PR (20%). Dose- 
limiting toxicities included transient hallucinations, cognitive changes, and loss of 
balance, all of which were reversible and consistent with the drug’s ability to pen-
etrate the blood-brain barrier [53]. In a phase I study examining marizomib in com-
bination with pomalidomide and low-dose dexamethasone in a population with a 
median of 5 prior lines of therapy, the ORR was 64% (n  =  17). Grade 3/4 AEs 
included neutropenia (32%), anemia (9%), thrombocytopenia (9%), and pneumonia 
(9%) [54].

Table 6.3 Novel therapeutic classes

Cell cycle/apoptosis Kinase inhibitors Monoclonal antibodies Immune modulators
Filanesib Dinaciclib Daratumumab Pembrolizumab
Selinexor Afuseritib Isatuximab CAR-T cells

LGH447 Indatuximab ravtansine
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6.4.2  HDAC6 Inhibitor

Ricolinostat is an oral selective HDAC6 inhibitor which has shown promising pre-
clinical synergy with lenalidomide and pomalidomide [55]. Although tolerated as a 
monotherapy, it is currently being evaluated in the context of combination therapy. 
In an ongoing phase I/II of patients (median 4 lines of prior therapy), combination 
ricolinostat, pomalidomide, and dexamethasone demonstrated an ORR of 29%, 
including three VGPR. Common toxicities include fatigue, diarrhea, and cytopenias 
[56]. Additionally, ricolinostat has been combined with bortezomib and dexametha-
sone that produced an ORR of 32% in 48 heavily pretreated patients (5 median lines 
of therapy) [57]. Taken together, these data are promising for ricolinostat as a clini-
cally efficacious agent in relapsed and refractory myeloma.

6.4.3  Cell Cycle Inhibitor

Filanesib is a kinesin spindle protein inhibitor. Kinesin spindle proteins play an inte-
gral role in mitosis by mediating centrosome separation and assembly of the bipolar 
spindle. By blocking these proteins, filanesib results in a monopolar spindle thereby 
leading to mitotic arrest and apoptosis [58]. A phase I study examined the single-
agent safety, pharmacokinetics, and activity of filanesib in patients with relapsed or 
refractory myeloma. Thirty-one patients were reported, with a median of six prior 
regimens, and all had received a proteasome inhibitor (PI) and an IMiD in the past. 
Among the 31 evaluable patients, there were three confirmed PRs and one confirmed 
MR. The most common AEs were hematologic [59]. It was subsequently found that 
filanesib can be bound by the acute-phase reactant protein α-1 acid glycoprotein 
(AAG), and higher levels of AAG result in inferior outcomes with filanesib therapy. 
In patients with low AAG levels, the single-agent response rate was 24% [60].

A phase I study is examining the combination of bortezomib and filanesib. 
Recruited patients had relapsed/refractory disease with a median of 5 prior lines of 
therapy. Among 13 evaluable patients, 4 PR (31%) and 1 minor response (MR) were 
observed [61]. A phase II study is examining the combination of carfilzomib with or 
without filanesib. Of 50 evaluable patients (randomized in a 2:1 fashion), the ORR 
was 10% in the carfilzomib arm and 30% in the carfilzomib + filanesib arm. Grade 
3/4 AEs in proteasome inhibitor and filanesib combination studies are predomi-
nantly hematologic [62].

6.4.4  Apoptosis Inducer

Selinexor (KPT-330) is an oral selective inhibitor of the nuclear export protein 
CRM1/XPO1. The chromosome region maintenance 1 (CRM1) is highly expressed 
in MM, particularly in cells resistant to bortezomib. Selinexor induces the accumu-
lation of CRM1 protein with MM cells as well as the retention of multiple tumor 
suppressor proteins such as p53, pRB, CDKN2A, p21, and FOXO, leading to 
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growth arrest and apoptosis. It has also been shown to block NF-kB and resensitize 
cells to bortezomib [63]. An ongoing phase I open-label dose-escalation study is 
examining the use of selinexor in patients with hematologic malignancies. Among 
40 evaluable MM patients, in the >65 mg (approximately 35 mg/m2) group, there 
was 1 CR (3%), 6 PRs (21%), and 6 MRs (21%), giving an ORR of 24%. Grade 3/4 
toxicities were predominantly hematologic with non-hematologic toxicities such as 
nausea, anorexia, and hypokalemia being all <5% [64]. The addition of dexametha-
sone to selinexor was investigated in a phase I study of 28 patients with refractory 
MM with a median of 6 prior regimens (including pomalidomide (68%) and carfil-
zomib (36%)) who were given selinexor at 30–60  mg/m2 with either 0, <20, or 
20  mg dexamethasone. For the selinexor 45  mg/m2 and dexamethasone 20  mg 
doses, ORR was 60%, with 1 attaining sCR (10%) and 5 PR (50%). The reported 
AEs were Grade 1–2 and were nausea, fatigue, anorexia, and vomiting [65].

Another ongoing phase I study is examining selinexor in combination with 
carfilzomib. Of eight enrolled patients, all had relapsed/refractory MM with a 
median of five prior treatment regimens. Six were refractory to carfilzomib combi-
nations. No DLTs have yet been noted, and the MTD has not been established. For 
response, 1 has attained VGPR (12.5%) and 6 PR (75%). Responses occurred rap-
idly (typically 1 cycle), although some patients also progressed fairly quickly (after 
1, 2, 4, and 4 months). Grade 3–4 AEs were hematologic and also fatigue (25%) and 
upper respiratory tract infection (25%) [66].

6.4.5  Protein Kinase Inhibitors

Despite the approval signal transduction inhibitors in other B-cell malignancies, to 
date there is no such agent approved for myeloma. Ibrutinib, an oral covalent inhibi-
tor of Bruton’s tyrosine kinase (BTK), is FDA approved for the treatment of previ-
ously treated chronic lymphocytic leukemia, mantle cell lymphoma, and 
Waldenström’s macroglobulinemia. As a single agent in patients with myeloma, it 
has shown clinical benefit to previously treated disease demonstrating a CBR of 
23%, with sustained SR (greater than 4 cycles) in 30% [67]. Recently, ibrutinib has 
also been investigated in combination with carfilzomib in the relapsed and refrac-
tory setting. In a phase I trial of 40 patients, an ORR of 62% was achieved, includ-
ing an ORR of 62% in patients refractory to bortezomib. The treatment was well 
tolerated, with the most common adverse effects being hypertension, anemia, pneu-
monia, and thrombocytopenia [68].

Cyclin-dependent kinases regulate progression through the cell cycle and can be 
dysregulated by immunoglobulin (Ig)H translocations, which is common in 
MM. Dinaciclib is a small molecular inhibitor of CDKs. It has been investigated as 
a single agent in a phase I/II trial of 27 patients with recurrent MM but with less than 
5 lines of therapy. Two patients achieved a VGPR, and 10 patients achieved 
M-protein stabilization [69].

Afuresertib is an oral, reversible, pan-AKT kinase inhibitor. AKT is a serine/thre-
onine kinase that is a key mediator of PI3K-mTOR signaling, a pathway which has 
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been found to be upregulated in many cancers including MM. A phase I study exam-
ined the use of afuresertib in 73 patients, 34 of whom had MM. Among the myeloma 
cohort, median line of prior therapies was 5.5. Three patients (9%) attained PRs, and 
three more attained MRs. The most frequent AEs were nausea (36%), diarrhea 
(33%), and dyspepsia (25%) [70]. A phase Ib/II study examined the use of afure-
sertib in combination with bortezomib and dexamethasone. Sixty-seven patients with 
relapsed MM were reported, with a median of 3.5 prior lines of therapy. ORR was 
61%, with 1 CR, 3 VGPR, 10 PR, and 3 MR noted. Grade 3/4 AEs were thrombocy-
topenia (28%), diarrhea 913%), rash (13%), and anemia (10%) [71].

LGH447 is a novel, pan-Pim kinase inhibitor that has been investigated in 
patients with relapsed myeloma. In a phase I trial of heavily pretreated patients, an 
RR of 10.5% was observed [72]. While the single-agent activity of these protein 
kinase inhibitors does not meet the 20% RR required for investment of further 
investigation, these agents may be useful in combination with other agents.

6.5  Immunologic Approaches

6.5.1  Monoclonal Antibodies

A promising therapeutic strategy is targeting antigens expressed on myeloma cells 
with monoclonal antibodies, therapy inducing apoptosis, or growth arrest. 
Daratumumab is a novel monoclonal antibody against CD38, a transmembrane gly-
coprotein expressed in the majority of myeloma cells. In one phase I–II clinical trial 
of heavily pretreated patients, 42% had a PR with doses of >4 mg/kg [73]. In an 
ongoing phase II study, 106 patients with a median of 5 lines or prior therapy admin-
istered daratumumab at 16  mg/kg showed an ORR of 29.2%, including three 
patients who experienced a sCR. The median duration of response was 7.4 months. 
The most common side effects were fatigue, cytopenias, and cough [74]. Infusion 
reactions occurred in 43% of patients, predominantly grade 1 and 2 with only 5% 
grade 3 and no grade 4 reactions. More than 90% of infusion reactions occurred 
during the first infusion and were much less common in subsequent infusions. Since 
CD38 is also expressed on red blood cells, daratumumab can also result in a univer-
sally positive indirect antibody (or indirect Coombs) test, so red blood cell typing 
should be performed immediately prior to daratumumab administration to establish 
a true baseline [75]. On the basis of this phase II study, daratumumab was desig-
nated a “breakthrough therapy” by the FDA and on November 16, 2015, approved 
for subjects with greater than 3 lines of therapy or IMiD and PI refractory.

Daratumumab is also being explored as combination therapy. Lenalidomide plus 
daratumumab is being investigated in 32 patients with relapsed myeloma, demon-
strating an ORR of 88%. Additionally, responses deepened over time in 61% of 
responders [76]. Daratumumab and pomalidomide are also being investigated. In an 
ongoing, multicenter phase Ib trial, in 98 patients, the ORR was 71%, including 
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67% in double-refractory patients. Additionally, there was no added toxicity aside 
from daratumumab-related infusion reactions [77].

Elotuzumab is an immunostimulatory monoclonal antibody which targets sig-
naling lymphocytic activation molecule F7 (SLAMF7), which is highly expressed 
on myeloma cells. It has demonstrated clinical efficacy in combination with lenalid-
omide and dexamethasone in patients with 1–3 prior lines of therapy [78]. It has 
also been investigated in combination with bortezomib and dexamethasone. One 
hundred and fifty-two patients with 1–3 prior lines of therapy were randomized to 
elotuzumab, bortezomib, dexamethasone or bortezomib, and dexamethasone alone. 
51% in the treatment arm and 53% in the control arm had prior PI exposure. After a 
median number of 12 treatment cycles, PFS was 9.9  months in the elotuzumab 
group and 6.8 months in the control arm [79]. A study of elotuzumab in combina-
tion with pomalidomide and dexamethasone is also nearly open to accrual.

Isatuximab (SAR650984) is a humanized monoclonal antibody that selectively 
binds selectively to human CD38 receptor. It exerts anti-myeloma affect via ADCC, 
CDC, and direct apoptosis. In a phase II trial in patients with heavily pretreated 
myeloma, an ORR of 24–29% was observed. Fatigue and anemia were the most 
common treatment-emergent adverse events [80].

Indatuximab ravtansine is an antibody-drug conjugate comprised of anti-CD138 
chimerized monoclonal antibody and the maytansinoid DM4. It binds to CD138 on 
cancer cells and releases DM4 to induce cell death. Although it is not efficacious as 
a single agent, it has shown promising results in combination therapy with lenalido-
mide. In a phase I/IIa trial of patients refractory to lenalidomide, the combination of 
indatuximab ravtansine and lenalidomide produced a 78% ORR and 100% clinical 
benefit, including 73% in lenalidomide refractory patients [81]. With greater under-
standing of the biology of MM, monoclonal antibodies are likely to play a major 
role in treating patients with multiple relapses.

6.5.2  Tumor Vaccination and Oncolytic Viruses

Another future direction in relapsed and refractory disease is utilizing the immune 
system to produce a myeloma-specific response to eliminate residual disease. 
Dendritic cell-based tumor vaccines are a promising means to selectively eliminate 
malignant cells. This has been explored in a phase I trial of 17 generally heavily 
pretreated patients (mean 4 prior treatments). These patients underwent serial vac-
cination with the dendritic cell/multiple myeloma fusions in conjunction with gran-
ulocyte macrophage colony-stimulating factor. There was a tenfold expansion in 
myeloma-reactive T cells and disease stabilization in 66% of patients [82]. This 
strategy has also been explored in conjunction with ASCT in less treatment- 
experienced patients [83]. Using immune modulators such as lenalidomide has pre-
clinical evidence of enhancing response to dendritic cell/multiple myeloma fusions 
[84] and is being investigated in ongoing clinical trials as maintenance after ASCT.
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6.5.3  Allogeneic Stem Cell Transplant

Allogeneic stem cell transplant (allo-SCT) may represent the only potentially cura-
tive option for patients with MM. Unfortunately, due to high treatment-related mor-
tality, the appropriate patient population for this therapy is restricted. Additionally, 
treatment with novel agents in conjunction with ASCT is improving survival, mak-
ing the role of allo-SCT unclear. Myeloablative allo-SCT has fallen out of favor 
given the high treatment-related mortality. For instance, one study of 80 highly 
treatment-experienced patients undergoing myeloablative allo-ASCT showed 44% 
died of treatment-related complications [85]. In an attempt to mitigate these compli-
cations, nonmyeloablative allo-SCT has been further investigated in relapsed 
myeloma.

Allo-SCT after ASCT has been explored in a phase III study, without a clear 
benefit of incorporating an allo-SCT.  Seven hundred and ten patients who had 
received ASCT were randomized to allo-SCT (auto-allo) or another ASCT (auto- 
auto). Three-year Kaplan-Meier estimates of PFS were 43% in the auto-allo and 
46% in the auto-auto; OS did not differ between the two groups. Adverse events also 
did not significantly differ between the two groups [76].

T-cell-depleted allo-SCT attempts to decrease the rates of graft-versus-host dis-
ease (GVHD) and represents an emerging potential therapy for high-risk refractory 
myeloma. In a phase II clinical trial, the percentage of patient with PFS and OS at 
2  years were 31% and 54%, respectively. Additionally, there were only 2% of 
patients who had acute GVHD, and none had chronic GVHD. Transplant-related 
mortality was 18% [86]. Further prospective trials are needed to evaluate the effi-
cacy of this intervention in the relapsed setting.

6.5.4  Immune Modulators

Given the unclear role of allogeneic transplantation in myeloma relative to other 
hematologic malignancies, there is a great deal of excitement regarding novel 
immune modulators in myeloma. The interaction of PD-L1, a transmembrane pro-
tein expressed on MM cells, and PD-1 represents an attractive therapeutic target. 
Anti-PD-L1 and anti-PD-1 antibodies are available and have been preliminarily 
tested in advanced solid malignancies, showing a favorable safety profile and dura-
ble response [87, 88]. Clinical trials using anti-PD-L1 antibodies as a single agent 
or in conjunction with lenalidomide are underway. Pembrolizumab, a highly selec-
tive anti-PD-1 monoclonal antibody, has been tested in combination with lenalido-
mide and dexamethasone in patients with refractory myeloma and resulted in an 
ORR of 76% (n = 17) and, interestingly, a 56% ORR in lenalidomide refractory 
patients (albeit n = 9) [89]. Pembrolizumab has also been investigated in combina-
tion with pomalidomide and dexamethasone in an ongoing phase II study in 24 
patients; 75% of which were double refractory to both PIs and IMiDs. An ORR of 
50% was observed, including three patients with a near CR [90].

Chimeric antigen receptor (CAR) T cells provide another potentially promising 
therapeutic avenue. Engineering T cells to recognize specific myeloma cells, as 
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demonstrated in other malignancies, may be possible. One case report demonstrated 
a sustained, complete response in a patient treated with CAR-T cells against 
CD19 in conjunction with standard myeloma therapies [82]. In an ongoing, recently 
reported first-in-humans clinical trial of CAR-T cell expressing anti-B-cell matura-
tion antigen (BCMA), 11 patients with a median of 7 prior lines of therapy were 
given cyclophosphamide and fludarabine to deplete endogenous leukocytes and 
then received an infusion CAR-BCMA T cells at four dose levels. Of six patients 
treated with the lowest two dose levels, one patient experienced a PR, while the 
other five had SD. On the third dose level, two patients had SD, and one had a 
VGPR. Of the two patients who received the highest dose levels, one had a sCR, 
although both patients’ courses were complicated by cytokine release syndrome 
[83]. These data, although preliminary, demonstrate promising anti-myeloma activ-
ity of anti-BCMA CAR-T cells and represent a promising line of potential therapy.

 Conclusions

Multiply relapsed and refractory myeloma present many challenges. One can 
expect a more aggressive course than prior lines of therapy. Additionally, there 
are only limited, FDA-approved therapies available. A clinician designed a treat-
ment strategy that must consider the nature of the patient’s relapse, prior drug 
exposures, and comorbidities. Genomic data may also influence the decision, 
with attention to del(17p), which would favor choosing pomalidomide. Testing 
for specific mutations with therapeutic agents (e.g., BRAF) will likely become 
more prevalent as the treatment of myeloma becomes more personalized.

Despite the challenging aspect of myeloma that has multiple relapses, there 
are promising advances, such as the recent approval of daratumumab. With 
increased understanding of the biology driving myeloma, novel therapeutic 
agents are being developed and many have yielded promising phase I/II results. 
With this explosion in new agents, it will become even more important to priori-
tize therapies that have a high likelihood of success, with a RR of 15–20% or 
overcoming drug resistance. The development of these new therapies will con-
tinue to transform multiple myeloma from a terminal illness into a manageable, 
chronic disease.
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7Plasma Cell Leukemia

Nisha S. Joseph, Amarendra K. Neppalli, and Ajay K. Nooka

7.1  Introduction

Plasma cell leukemia is a rare and an aggressive variant of multiple myeloma that is 
characterized by the presence of circulating plasma cells in peripheral blood. By the 
International Myeloma Working Group (IMWG) consensus statement on the diagnos-
tic criteria, existence of ≥20% and/or an absolute number of ≥2 × 109/L circulating 
plasma cells are required to confirm the diagnosis of PCL [1]. Nevertheless, the pres-
ence of circulating plasma cells on conventional morphology by itself confers a poorer 
risk with survival outcomes akin to patients with PCL [2]. This more likely represents 
the extramedullary presentation of myeloma, suggesting that these resistant plasma 
cells are capable of survival independent of the bone marrow microenvironment and 
clinically present as an aggressive plasma cell neoplasm unresponsive to most con-
ventional therapies. For the same reason, certain groups have proposed to lower the 
threshold of the circulating plasma cells to fit the criteria of diagnosis of PCL and 
suggested the presence of circulating plasma cells be treated as high- risk myeloma.
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7.2  Prognosis

With the existing definition, PCL represents approximately 2–4% of all MM diag-
noses and exists in two forms: primary PCL (pPCL, 60–70% of cases) which pres-
ents de novo and secondary PCL (sPCL, 30–40% of cases) which represents 
leukemic transformation in patients with a previously diagnosed plasma cell dyscra-
sia and evolves as a terminal event. If the circulating plasma cells in the diagnostic 
criteria are lowered to 2%, the incidence could account for as high as 14% [2]. The 
disease traditionally portends a poor outcome, and the median survival for pPCL is 
less than 1 year with conventional treatment and for sPCL less than 3 months. A 
population-based analysis using the surveillance, epidemiology, and end results 
(SEER) registry demonstrated the modest improvement in survival for pPCL based 
on periods of diagnosis. Survival from the time period 2006–2009 vs. 2001–2005 
vs. 1996–2000 vs. 1973–1995 was 12 vs. 4 vs. 6 vs. 5  months, respectively 
(P = 0.001), suggesting that use of better non-chemotherapeutic strategies could 
result in improved outcomes for pPCL [3].

7.3  Clinical Presentation

In general, both pPCL and sPCL exhibit more aggressive clinical presentations than 
myeloma, including a higher tumor burden. Usually seen among younger patients, 
pPCL exhibits remarkable heterogeneity and high mutational burden. Though both 
phenotypes have overlapping genetic abnormalities, these are not identical. The 
prevalence of high-risk chromosomal abnormalities, such as del(17p), del(1p21), 
and MYC translocations or amplifications, is markedly higher compared with newly 
diagnosed myeloma [4, 5]. Activating K-RAS and N-RAS mutations are frequently 
observed in pPCL [6]. The incidence of hyperdiploidy is very uncommon in pPCL 
[4], while sPCL patients like myeloma patients may present with hyperdiploidy. In 
pPCL the IgH translocations are exclusively targeted at 11q13 (CCND1)—a nonhy-
perdiploid t(11;14) (q13;q32) [4]—while in sPCL, the IgH translocations can pres-
ent as t(11;14), t(4;14), or t (14;16) similar to the spectrum of translocations 
observed in myeloma [5]. Clinically, high symptom burden (anemia, renal dysfunc-
tion, hypercalcemia) leading to disease-related morbidity is more common among 
pPCL patients. Interestingly, the presence of lytic bone lesions is lower in pPCL 
patients than that observed in myeloma. In contrast, the higher prevalence of 
advanced bone disease in sPCL probably represents the terminal stage of preceding 
myeloma, where advanced bone disease is more common [5]. pPCL patients may 
exhibit a higher prevalence of extramedullary involvement of the liver, spleen, 
lymph nodes, pleural effusions, neurological deficits due to central nervous system 
involvement, and palpable extramedullary soft-tissue plasmacytomas. Laboratory 
studies demonstrate elevated LDH and β2-microglobulin indicative of higher tumor 
burden and high proliferation index.
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7.4  Diagnostic Evaluation for PCL

As is necessary for myeloma, a thorough medical history and physical examination 
to evaluate for extramedullary involvement are of utmost importance for timely 
diagnosis. A complete blood count with manual differential, with specific examina-
tion of the peripheral blood smear for plasma cells, is needed. A comprehensive 
metabolic panel (BUN, creatinine, calcium), liver function panel (albumin, total 
protein, transaminases, bilirubin), and tumor lysis parameters (LDH, uric acid, cal-
cium, phosphate, potassium) are needed. Other myeloma initial staging studies such 
as β2-microglobulin and albumin (for ISS staging), serum protein electrophoresis, 
immunofixation, serum-free light chain analysis, immunophenotyping, 24-h urine 
collection for total protein estimation, electrophoresis, and immunofixation are 
required. Bone marrow aspirate and biopsy and cytogenetic analysis by FISH 
focused on del(17p13), del(13q), del(1p21), amp l(1q21), t(11;14), t(4;14), and 
t(14;16) are strongly recommended. Skeletal survey is routinely indicated.

Additional investigations may be useful where there is clinical suspicion for 
other organ involvements. Constant evaluation for CNS symptoms is mandatory. A 
low threshold should be adopted for obtaining a lumbar puncture if there is suspi-
cion for leptomeningeal involvement. Utilizing the more sensitive imaging tech-
niques such as MRI for evaluation of cord compression and using 18F-FDG-PET/
CT for evaluation of extramedullary involvement are clinically indicated. HLA typ-
ing for younger patients should be done as a part of initial workup, in case an allo-
geneic stem cell transplant (SCT) is considered in the future.

7.5  Therapeutic Options for PCL

Given the rarity of its presentation, there are no standard therapeutic strategies that 
have been proven to be superior over the other treatments. However, in the recent 
era of availability of novel agents, the increasing utilization of SCT small series 
with few patients has demonstrated the benefits of combining these strategies in 
attaining somewhat better outcomes.

To date, there have been only two prospective clinical trials published for the 
initial treatment of pPCL. The first trial evaluated a combination of lenalidomide 
and low-dose dexamethasone (Rd) as initial therapy among pPCL patients. Per pro-
tocol, responders after four  cycles will move forward with SCT, and responding 
transplant-ineligible patients continue four more cycles followed by maintenance 
cycles of dose-reduced lenalidomide until relapse. With an overall response rate 
(ORR) of 73.9% (39% ≥  VGPR), at a median follow-up of 34  months, median 
progression-free survival (PFS) was 14 months, and median overall survival (OS) 
was 28 months [7]. PFS was 21 months vs. 10 months for SCT eligible vs. non- 
eligible patients, and OS also benefitted the SCT eligible patients as well. The sec-
ond prospective trial evaluated bortezomib, doxorubicin, cyclophosphamide, and 
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dexamethasone induction followed by SCT for pPCL [8]. The ORR was 69% 
(36% ≥ VGPR); 25 patients underwent SCT, and 1 patient received a syngeneic 
transplant. At 3 months’ post-SCT, 16 patients underwent tandem SCT with reduced 
intensity conditioning (RIC) allogeneic SCT (RIC-allo-SCT). At a median follow-
 up of 28.7  months, the median PFS was 15.1  months, and the median OS was 
36.3 months. Though a case was made for RIC-allo-SCT, these results were almost 
comparable with the prior trial using Rd followed by SCT albeit less toxicity. While 
the median OS is 36.3 months for patients who effectively underwent first transplant 
(n = 26), the median OS was 10.5 months in patients with primary refractory dis-
ease. This uniform theme in both trials with high early progression rates among 
close to 25% of patients suggests that an effective up-front regimen using CD38 
monoclonal antibody combinations could potentially counter the biologically 
aggressive disease process.

Several other retrospective analyses both using registry data and using data 
from single-institution analyses suggested that combining novel agents, predomi-
nantly bortezomib-based regimens, and transplant led to improved outcomes 
(Table 7.1) The EBMT group reported a median PFS and OS significantly shorter 
in pPCL relative to myeloma patients (PFS, 14.3 months vs. 27.4 months; OS, 
25.7 months vs. 62.3  months, respectively; both p  =  0.000), despite complete 
response (CR) rates before and after SCT which were higher in the pPCL group. 
These results could be due to the higher transplant-related mortality (TRM) and 
short duration of the posttransplant response in pPCL group [9]. In contrast, in a 
retrospective analysis performed by the CIBMTR, the authors did not find infe-
rior post-SCT survival in pPCL compared with myeloma. A PFS and OS at 
3  years in the pPCL group of 34% and 64%, respectively, were reported. The 
authors also described a trend toward an OS benefit for the tandem SCT instead 
of a single transplant [10]. Considering the differing years of SCT and the lack of 
information regarding the induction regimen in the EBMT analysis and the lack 
of information on the use of maintenance therapy in the CIBMTR study, defini-
tive conclusions cannot be drawn. However, both analyses suggested that the poor 
clinical outcomes of PCL seemed to be ameliorated by utilizing the SCT approach. 
These results align with the data form other series reporting a median OS of 
34 months among pPCL patients that received SCT compared to OS of 11 months 
among patients treated with chemotherapy alone [5].

Bortezomib has recently been demonstrated to have clinical activity in both 
pPCL and sPCL, either in combination or sequentially after other chemotherapies. 
In a large retrospective analysis from the Italian GIMEMA MM Working Party, 29 
patients with pPCL received different chemotherapy combinations containing bort-
ezomib as frontline therapy and reported promising results in terms of ORR (79%), 
PFS, and OS (2-year PFS and OS, 40% and 55%, respectively). The best outcomes, 
however, were observed in patients who received SCT as consolidation after induc-
tion, whereas other patients had a shorter period of remission [11]. The same group 
showed, in a retrospective analysis including patients with pPCL and sPCL treated 
with bortezomib alone or in association with other drugs, a median PFS and OS of 
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8 and 12 months, respectively. The median PFS and OS for pPCL were not reached 
after 21 months of follow-up [12]. The efficacy of the proteasome inhibitors has 
also been confirmed in other analyses. Patients that received bortezomib had supe-
rior outcomes compared to the bortezomib-naïve patients (OS, 28.4  months vs. 
4 months; p = 0.001) [13]. In contrast, Usmani et al. reported their experience on 
pPCL in a large series of 1474 patients with myeloma enrolled in total therapy pro-
tocols or in a TT3-like approach. The presence of pPCL was associated with a sig-
nificantly shorter PFS and OS (10  months and 20  months, respectively); no 
difference in outcome was seen with the addition of bortezomib in PCL patients, 
and the CR rates in the two groups were the same [14]. In the same vein, the IFM 
group didn’t observe survival differences between patients treated with bortezomib 
and those treated with old drugs [15].

In this context, our institutional data of 28 patients sheds light on the benefits of 
an optimal induction regimen and the benefits of an intense maintenance approach. 
Majority received a bortezomib-based induction regimen followed by immediate 
SCT and lenalidomide, bortezomib, and dexamethasone (RVD) maintenance. The 
PFS rate was 66% at 3 years, and OS rate was 73% at 4 years [16]. Median PFS for 
patients receiving maintenance with RVD vs. no RVD maintenance was 38 vs. 
15 months (p  = 0.004). Three-year OS for patients on RVD maintenance vs. no 
maintenance was 100% vs. 67%; p = 0.018. Achieving ≥VGPR vs. <VGPR post- 
SCT (PFS, 38 vs. 14 months, p = 0.002, and OS, 49 vs. 26 months, p = 0.037) 
strongly predicted outcomes.

Very few studies have evaluated the exclusive outcomes of sPCL. The median 
PFS and OS in this subgroup of patients are less than 3 months [5, 16, 17]. Newer 
treatment options incorporating the monoclonal antibody combinations and other 
immune approaches are much needed in treating these patients.

Despite the use of SCT and the introduction of new drugs, PCL remains a 
highly resistant disease characterized by rapid progressions and shorter durations 
of remission. Especially in this group of patients, the improvement in outcomes is 
less evident compared to other high-risk myeloma patients. Recognizing the limi-
tations in the lack of huge body of evidence in the PCL patients, from the avail-
able literature, SCT can improve the outcomes in pPCL (may not be as effective 
as in myeloma patients). While no definitive conclusions can be drawn regarding 
the superiority of one induction regimen over the other, using a triplet regimen 
such as RVD, similar to the myeloma, would be optimal [18, 19]. Most studies 
that have demonstrated significant improvement in OS for pPCL patients used 
maintenance therapy. Based on the available literature, it is very clear that the goal 
of treating the pPCL patients should be aimed to attain the best depth of response 
and maintain the response utilizing other modalities of SCT and maintenance 
approaches. As shown by our group previously, using an effective PI/IMiD induc-
tion regimen followed by SCT and consolidation/maintenance with PI/IMiD com-
binations could be the most optimal strategy to improve depth of response, 
maintain remission, and prolong survival for this group of patients (Fig. 7.1).
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8Practical Considerations for Bone Health 
in Multiple Myeloma

Evangelos Terpos and Nikolaos Kanellias

8.1  Introduction

Multiple myeloma (MM) is a common hematological malignancy characterized by 
the accumulation of abnormal plasma cells in the bone marrow. Even though sur-
vival has been improved after the introduction of novel agents [1, 2], MM remains 
an incurable plasma-cell malignancy [3, 4]. MM is characterized by osteolytic bone 
disease due to an elevated function of osteoclasts which is not balanced by a com-
parable elevation of osteoblast function [5–7]. Osteolytic lesions are detected in 
70–80% of patients at diagnosis and increase the risk for skeletal-related events 
(SREs) (pathologic fractures, spinal cord compression (SCC), requirement for sur-
gery or palliative radiotherapy to bone). SREs have a serious impact on the quality 
of life (QoL) and survival of MM patients and affect both clinical and economic 
aspects of their life [8–13]. The novel International Myeloma Working Group 
(IMWG) criteria for the diagnosis of symptomatic MM have revealed the value of 
modern imaging for the management of MM patients, as they include (1) the pres-
ence at least one lytic lesion detected not only by conventional radiography but also 
by computed tomography (CT), whole-body low-dose CT (WBLDCT) or positron 
emission tomography/CT (PET-CT) and (2) the presence of >1 focal bone marrow 
lesions on magnetic resonance imaging (MRI) studies [14]. Furthermore, novel 
imaging techniques, such as MRI and PET-CT, provide prognostic information and 
have been recently proven of value, for the better definition of response to antimy-
eloma therapy. Bisphosphonates (BPs) are the cornerstone of therapeutic manage-
ment of myeloma bone disease, offering considerable benefit in preventing or 
delaying skeletal-related events and relieving pain [15]. This chapter reviews the 
latest available details of imaging and treatment of myeloma-related bone disease.
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8.2  Pathophysiology of Multiple Myeloma Bone Disease

In the adult skeleton, skeletal integrity is coordinated by the synchronized activity of 
three cell types. Osteoblasts create new bone matrix, osteoclasts are responsible for bone 
resorption, and osteocytes regulate bone turnover. In MM patients, bone disease is the 
result of an uncoupling in bone remodeling. It consists of an increase in the osteoclast-
mediated bone resorption, which is combined with suppression in the osteoblast, medi-
ated bone mineralization, and defects on osteocyte functions [16]. Until today, several 
direct and indirect interactions between myeloma cells and cells of the bone marrow 
microenvironment have been recognized. The fact that osteolytic lesions occur close to 
MM cells suggests that factors secreted by tumor cells lead to direct stimulation of 
osteoclast-mediated bone resorption and inhibition of osteoblast-mediated bone forma-
tion [6]. In addition to that, the increased bone resorptive progress leads to the release of 
growth factors that increase the growth of MM cells, leading to a vicious cycle of tumor 
expansion and bone destruction. Apart from that, interactions via adhesion between MM 
cells and bone marrow cells result in the production of factors that promote angiogenesis 
and make the myeloma cells resistant to chemotherapy [17, 18]. The biologic pathway 
of the receptor activator of nuclear factor-kappa B (RANK), its ligand (RANKL), and 
osteoprotegerin (OPG) which is the decoy receptor of RANKL is of major importance 
for the increased osteoclast activity observed in MM. Myeloma cells disrupt the balance 
between RANKL and OPG by increasing the expression of RANKL and decreasing the 
expression of OPG. The resulting increase in RANKL favors the formation and activa-
tion of osteoclasts, leading to increased bone resorption [19, 20]. More recently, activin 
A has been implicated in MM bone disease, through stimulating RANK expression and 
inducing osteoclastogenesis [21, 22]. In addition to their stimulatory effect on osteo-
clasts, myeloma cells have been shown to suppress bone formation [23]. The Wingless-
type (Wnt) signaling pathway is one pathway that has been shown to play a key role in 
osteoblast differentiation and has been implicated in osteoblast suppression in myeloma. 
The Wnt signaling inhibitors dickkopf-1 (Dkk-1) and sclerostin are secreted by myeloma 
cells and have been found to be increased in the serum of myeloma patients, leading to 
the block of osteoblast differentiation and activity [24–27]. Soluble frizzle-related pro-
tein-2 (sFRP-2), another inhibitor of Wnt signaling, has also been implicated in suppres-
sion of bone formation in myeloma [28]. Although the circulating levels of the above 
molecules and mainly of sclerostin have not been found to be elevated in myeloma 
patients in all published studies, the importance of Wnt inhibition in the biology of 
myeloma-related bone disease is undoubted.

8.3  Imaging for the Diagnosis of Multiple Myeloma Bone 
Disease

The imaging techniques used for the diagnosis of multiple myeloma bone disease are:

• Whole-body X-rays (WBXR)
• Whole-body CT (WBCT)
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• Magnetic resonance imaging (MRI)
• PET-CT

8.4  Whole-Body X-rays (WBXR)

Conventional radiography has been widely used for the identification of osteolytic 
lesions both at diagnosis and during the course of the disease. The “skeletal survey” 
(whole-body X-rays (WBXR)) at diagnosis should include plain radiographs of the 
whole skeleton (anteroposterior and lateral views of the skull posteroanterior view 
of the chest; anteroposterior and lateral views of the thoracic lumbar and cervical 
spine (including an open mouth view), humeri, and femora; and anteroposterior 
view of the pelvis) [29]. In addition, symptomatic areas should also be specifically 
visualized. Osteolytic lesions have the typical appearance of “punched-out” lesions 
with absence of reactive sclerosis and are more common in the vertebrae, ribs, skull, 
and pelvis [30]. Although the WBXR was the standard of care for many years, it has 
several limitations: (1) for a lytic lesion to become apparent, >30% loss of trabecu-
lar bone must occur; (2) difficulty of assessment of certain areas, such as the pelvis 
and the spine; (3) limitations in the detection of lytic lesion response to antimy-
eloma therapy because of delayed evidence of healing; (4) reduced specificity for 
the differential diagnosis of myeloma-related versus benign fracture (very impor-
tant, particularly in cases of new vertebral compression fractures in the absence of 
other criteria of relapse); (5) observer dependency (there is very low reproducibility 
among centers; higher number of osteolytic lesions detected in academic vs. non-
academic centers); and (6) prolonged study length, often not tolerable from patients 
in severe pain [29, 30]. Thus, the development of novel imaging methods has led to 
the replacement of WBXR by more advanced techniques, such as the WBLDCT in 
many European centers or by PET-CT in the USA.

8.5  Whole-Body Low-Dose CT (WBLDCT)

WBLDCT was introduced to allow the detection of osteolytic lesions in the whole 
skeleton with high accuracy, no need for contrast agents and low radiation dose 
compared to standard CT (two- to threefold lower radiation dose vs. conventional 
CT) [31, 32]. In several studies, WBLDCT was found to be superior to WBXR for 
the detection of osteolytic lesions [31, 33–37]. In one of the largest studies staging 
myeloma patients, 61% of patients with normal WBXR had more than one osteo-
lytic lesions on WBLDCT [36]. According to the latest criteria for symptomatic 
myeloma, these patients should receive therapy. In the same study, the total number 
of lesions detected by WBLDCT was 968 vs. 248 for WBXR (p < 0.001). The only 
limitation of this study was its retrospective origin [36]. In a more recent prospec-
tive study, which included 52 myeloma patients at diagnosis, WBLDCT revealed 
osteolyses in 12 patients (23%) with negative WBXR and proved to be more sensi-
tive than WBXR mainly in the axial skeleton (p < 0.001). WBLDCT was superior 
in the detection of lesions in patients with osteopenia and osteoporosis [37].
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In total WBLDCT advantages over WBXR include (1) superior diagnostic sensi-
tivity for depiction of osteolytic lesions, especially in areas where the WBXR detec-
tion rate is low, i.e., pelvis and spine; (2) superiority in estimating fracture risk and 
bone instability; (3) duration of the examination, which is ≤5 min, an important 
issue for patients in extreme pain; (4) production of higher-quality 3D high- 
resolution images for planning biopsies and therapeutic interventions; and finally 
(5) demonstration of unsuspected manifestations of myeloma or other disease, espe-
cially in the lungs and kidneys (33% in the study by Wolf et al.; 37, 31–37). Major 
disadvantages of WBLDCT include increased length of time required for radiolo-
gists to report their findings, lack of availability in several centers [14, 31], and lack 
of specificity for the differential diagnosis between malignant and osteoporotic frac-
tures, despite improvements during the last years [38]. Furthermore, although expo-
sure to radiation is much lower compared to standard CT, it continues to be higher 
than WBXR: mean dose of WBLDCT is approximately 3.6 and 2.8 mSv for females 
and males, respectively, versus 1.2 mSv for WBXR [39]. Nevertheless, the higher 
diagnostic accuracy of the WBLDCT and patient comfort is particularly important 
for the elderly, and often suffering group renders the dose/quality ratio favorable for 
WBLDCT. For these reasons, the European Myeloma Network has suggested that 
WBLDCT should replace conventional radiography as the standard imaging tech-
nique for evaluation of bone disease in MM, where available [40].

8.6  Magnetic Resonance Imaging

Techniques. Several MRI techniques have been developed for the assessment of the 
bone marrow involvement in MM. Conventional MRI protocols include T1-weighted, 
T2-weighted with fat suppression, short time inversion recovery (STIR), and gado-
linium T1-weighted with fat suppression [41]. Myeloma lesions show typically a 
low signal intensity on T1-weighted images, a high signal intensity on T2-weighted 
and STIR images, and often enhancement on gadolinium-enhanced images [42, 43].

Limitations of MRI are the prolonged acquisition time, availability issues the 
high cost, the exclusion of patients with metal devices in their body, the difficulties 
in cases of claustrophobic patients, and the limited field of view. To override these 
restrictions, a Whole body MRI (WB-MRI) methodology, which does not usually 
require contrast infusion, was developed. The time of WB-MRI is approximately 
45 min. Although of interest, this newer technique is not yet widely employed.

All above MRI methods use MRI exquisite contrast and spatial resolution for the 
depiction of the WB anatomy and specific tissue composition in details.

Novel MRI techniques include diffusion-weighted imaging, dynamic contrast- 
enhanced MRI, and PET-MRI.

A novel and promising MRI sequence is the diffusion-weighted imaging (DWI- 
MRI) which derives its contrast mainly from differences in the diffusivity of water 
molecules in the tissue environment. This functional technique demonstrates altera-
tions in intra- and extracellular water content from disruption of the transmembrane 
water flux that are visible before identified changes on the morphologic routine 
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sequences [44–46]. DWI-MRI uses the calculation of apparent diffusion coefficient 
(ADC) values to better evaluate myeloma burden and MRI infiltration patterns [47, 
48]. DWI can be used to detect regions with bone marrow infiltration for both diag-
nosis and monitoring treatment response [49], because ADC values are higher in 
MM patients at diagnosis, compared with patients in remission 20 weeks after ini-
tiation of treatment [50]. In MM patients, the ADC was reproducible [51] and cor-
related with bone marrow cellularity and microvessel density (MVD) [52]. One 
disadvantage of DWI is that the ADC is not exclusively influenced by diffusion but 
also by perfusion. However, improved sequences are under development to differ-
entiate both influences [53]. DWI-MRI was found superior to WBXR for the detec-
tion of bone involvement in 20 patients with relapsed/refractory MM in all areas of 
the skeleton except of the skull, where both examinations had equal sensitivity [54]. 
In another small study with 24 myeloma patients (both treated and untreated), DWI- 
MRI was found more sensitive than F18-fluorodeoxyglucose (FDG)-PET in the 
detection of myeloma lesions [55]. In a recent study, 17 patients were evaluated 
with DWI-MRI and FDG-PET-CT, and the findings were compared with bone mar-
row biopsy data. In all studied regions, WB-DWI scores were higher compared to 
FDG-PET-CT. DWI-MRI was of particular accurance in diagnosing diffuse disease 
(diffuse disease was observed in 37% of regions imaged on WB-DWI scans versus 
only 7% on FDG-PET-CT); both techniques were equally sensitive in the detection 
of focal lesions. [56] Preliminary reports suggest that DWI-MRI may be used for 
the better definition of response to therapy, but this has to be confirmed in larger 
studies and in comparison with PET-CT results [48, 57].

The dynamic contrast-enhanced MRI (DCE-MRI) is another MRI technique which 
evaluates the distribution of a contrast agent inside and outside the blood vessels. 
Information is assessed by computer-based analysis of repeated images over time. The 
analysis provides data for blood volume and vessel permeability for the assessment of 
microcirculation of a specific area [58, 59]. More importantly in MM patients, DCE-
MRI-derived parameters correlated with marrow angiogenesis, microvessel density 
(MVD) [60], as well as in angiogenic response to therapy [61]. Regarding DCE-MRI 
sampling rate and model, there are two pharmacokinetic models (proposed by Brix and 
Tofts) that have been applied in the literature. However, a comparison of these models 
demonstrated that the Brix model is a little bit more robust [62]. Since DCE-MRI has 
not been established in clinical routine, no definite sequence can be recommended.

Positron emission tomography in combination with MRI (PET-MRI) represents 
a novel imaging modality in which the PET part detects active focal lesions, while 
the MRI part shows the location of the lesions and gives information on myeloma 
cell infiltration of the bone marrow. Especially in patients who reach a complete 
remission (CR), this technique might be able to localize residual sites of disease 
activity and therefore may help to guide treatment in the future [63]. In MM, there 
is only one prospective study, which compared PET-MRI with PET-CT in 30 
myeloma patients with both techniques performed sequentially. There was high cor-
relation between the two techniques, regarding number of active lesions and aver-
age SUV [64]. Further studies with PET-MRI will reveal if there is any value of this 
technique for MM patients.
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MRI Patterns of Marrow Involvement. Five MRI patterns of bone marrow infil-
tration in myeloma have been reported: (1) normal appearance of bone marrow, (2) 
focal involvement (positive focal lesion is considered the lesion of a diameter of at 
least 5 mm), (3) homogeneous diffuse infiltration, (4) combined diffuse and focal 
infiltration, and (5) variegated or “salt-and-pepper” pattern with inhomogeneous 
bone marrow with interposition of fat islands [65, 66]. Low tumor burden is usually 
associated with a normal MRI pattern, but a high tumor burden is usually suspected 
when there is diffuse hypointense change on T1-weighted images, diffuse hyperin-
tensity on T2-weighted images, and enhancement with gadolinium injection [67]. In 
several studies, the percentage of symptomatic patients with each of the abnormal 
MRI bone marrow patterns ranges from 18 to 50% for focal pattern, 25 to 43% for 
diffuse pattern, and 1 to 5% for variegated pattern [59]. The Durie-Salmon PLUS 
system uses the number of focal lesions (from focal or combined focal/diffuse pat-
terns) for the staging of a myeloma patient and not the diffuse or “salt-and-pepper” 
patterns [68].

MRI Versus Conventional Radiography and Other Imaging Techniques for the 
Detection of Bone Involvement in Symptomatic Myeloma. MRI is more sensitive 
compared to WBXR for the detection of bone involvement in MM. In the largest 
series of patients published to date, MRI was compared to WBXR in 611 patients 
who received tandem autologous transplantation (ASCT). MRI and WBXR detected 
focal and osteolytic lesions in 74% and 56% of the imaged anatomic sites, respec-
tively. Furthermore, 52% of 267 patients with normal WBXR had focal lesions on 
MRI. More precisely, MRI detected more focal lesions compared to lytic lesions in 
WBXR in the spine (78% vs. 16%; p < 0.001), the pelvis (64% vs. 28%; p < 0.001), 
and the sternum (24% vs. 3%; p < 0.001). WBXR had better performance than MRI 
in the ribs (10% vs. 43%; p < 0.001) and the long bones (37% vs. 48%; p = 0.006) 
and equal results in the skull and the shoulders [69]. Similar results had been previ-
ously reported in smaller studies, where MRI was superior to WBXR for the detec-
tion of focal vs. osteolytic lesions in the pelvis (75% vs. 46% of patients) and the 
spine (76% vs. 42%), especially in the lumbar spine [70–74]. A recent meta- analysis 
confirmed the superiority of MRI over WBXR regarding the detection of focal 
lesions and showed that MRI especially outscores WBXR in the axial skeleton but 
not in the ribs [75].

Although it is clear that MRI can detect bone marrow focal lesions long before 
the development of osteolytic lesions in the WBXR, other imaging techniques such 
as PET combined with computed tomography (PET-CT), CT, or WBCT detect more 
osteolytic lesions compared to WBXR [75]. Is there any evidence that MRI is supe-
rior to the other techniques in depicting bone involvement in myeloma? In a study 
with 41 newly diagnosed MM patients, WB-MRI was found superior to WBCT in 
detecting lesions in the skeleton [76]. In a prospective study, Zamagni et al. com-
pared MRI of the spine and pelvis with WBXR and PET-CT in 46 MM patients at 
diagnosis. Although PET-CT was superior to WBXR in detecting lytic lesions in 
46% of patients (19% had negative WBXR), it failed to reveal abnormal findings in 
30% of patients who had abnormal MRI in the same areas, mainly of diffuse pattern. 
In that study, the combination of spine and pelvic MRI with PET-CT detected both 
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medullary and extramedullary active myeloma sites in almost all patients (92%) 
[77]. Nevertheless, the Arkansas group was not able to confirm any superiority of 
MRI over PET-CT in the detection of more focal lesions in a large number of 
patients (n = 303) within the total therapy three protocols [78]. Still, in 188 patients 
who had at least one focal lesion in MRI, MRI was superior to PET-CT regarding 
the detection of higher number of focal lesions (p = 0.032). Furthermore, in this 
study, the presence of diffuse marrow pattern was not taken into consideration as an 
abnormal MRI finding [78]. Compared to sestamibitechnetium-99 m (MIBI) scan, 
WB-MRI detected more lesions in the vertebrae and the long bones, produced simi-
lar results in the skull, and was inferior in the ribs [79]. One important question in 
this point is the value of WB-MRI, which is not available everywhere, over the MRI 
of the spine and pelvis. In 100 patients with MM and MGUS who underwent 
WB-MRI, 10% presented with focal lesions merely in the extra-axial skeleton. 
These lesions would have been ignored if only MRI of the spine and pelvis had been 
performed [80].

Other advantages of MRI over WBXR and CT include the discrimination of 
myeloma from normal marrow [41, 81]; this finding can help in the differential 
diagnosis between myeloma and benign cause of a vertebral fracture. This is of 
extreme importance in cases of patients with a vertebral fracture and no other CRAB 
criteria and no lytic lesions. The MRI can also accurately illustrate the spinal cord 
and/or nerve root compression for surgical intervention or radiation therapy [29, 
41]. Furthermore, the presence of soft tissue extension of MM and the presence of 
extramedullary plasmacytomas that are developed in approximately 10–20% of 
patients during the course of their disease can be precisely visualized by WB-MRI 
[82–85]. MRI can also help in the better evaluation of avascular necrosis of the 
femoral head [85] and the presence of soft tissue amyloid deposits [86]. Moreover, 
the tumor load can be assessed and monitored by MRI even in patients with nonse-
cretory and oligosecretory MM [87].

In conclusion, according to the latest IMWG guidelines, MRI is the gold stan-
dard imaging technique for the detection of bone marrow involvement in MM 
(grade A). MRI detects bone marrow involvement and not bone destruction. MRI of 
the spine and pelvis can detect approximately 90% of focal lesions in MM, and thus 
it can be used in cases where WB-MRI is not available (grade B). MRI is the proce-
dure of choice to evaluate a painful lesion in myeloma patients, mainly in the axial 
skeleton, and to detect spinal cord compression (grade A). MRI is particularly use-
ful in the evaluation of collapsed vertebrae, especially when myeloma is not active, 
where the possibility of osteoporotic fracture is high (grade B) [88].

Prognostic Value of MRI. The prognostic significance of MRI findings in symp-
tomatic myeloma has been evaluated. The largest study in the literature included 
611 patients who received tandem ASCT-based protocols. Focal lesions detected by 
spinal MRI and not seen on WBXR independently correlated with overall survival 
(OS). Resolution of the focal lesions on MRI posttreatment occurred in 60% of the 
patients who had superior survival. At disease progression after complete response 
(CR), MRI revealed new focal lesions in 26% of patients, enlargement of previous 
focal lesions in 28% of patients, and both features in 15% of patients [69]. In a more 
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recent analysis of the same group on 429 patients, patients who had >7 focal lesions 
in MRI (n = 147) had a 73% probability of 3-year OS vs. 86% for those who had 
0–7 focal lesions (n = 235) and 81% for those who had diffuse pattern of marrow 
infiltration (n = 47; p = 0.04). PET-CT and WBXR also produced similar results in 
the univariate analysis. In the multivariate analysis, from the imaging variables, 
only the presence of >2 osteolytic lesions in WBXR at diagnosis and the presence 
of >3 focal lesions in the PET-CT, 7 days post-ASCT had independent prognostic 
value for inferior OS (p = 0.01 and 0.03, respectively). However, we have to men-
tion the high percentage of patients (232/429, 54%) who had no detectable osteo-
lytic lesions by WBXR and the absence of evaluation of diffuse MRI pattern in this 
study [89].

The MRI pattern of marrow infiltration has also reported to have prognostic sig-
nificance in newly diagnosed patients with symptomatic disease [67, 90, 91]. In the 
conventional chemotherapy (CC) era, Moulopoulos et al. published that the median 
OS of newly diagnosed MM patients was 24 months if they had diffuse MRI pattern 
versus 51, 52, and 56 months for those with focal, variegated, and normal patterns, 
respectively, (p = 0.001) [67]. This is possibly because diffuse MRI marrow pattern 
correlates with increased angiogenesis and advanced disease features [92, 93]. The 
same group also reported the prognostic value of MRI patterns in 228 symptomatic 
MM patients who received upfront regimens based on novel agents. Patients with 
diffuse pattern had inferior survival compared to patients with other MRI patterns; 
moreover, the combination of diffuse MRI pattern, ISS-3 stage, and high risk cyto-
genetics could identify a group of patients with very poor survival: median of 
21 months and a probability of 3-year OS of only 35% [91]. Another study in 126 
patients with newly diagnosed symptomatic myeloma who underwent an ASCT 
showed that the diffuse and the variegated MRI patterns had an independent predic-
tive value for disease progression (HR: 1.922; p = 0.008) [93]. Finally, in patients 
with progressive or relapsed MM, an increased signal of DCE-MRI offered shorter 
PFS, possibly due to its association with higher MVD [58].

MRI and Response to Antimyeloma Therapy. An interesting finding is that a 
change in MRI pattern correlates with response to therapy. Moulopoulos et al. firstly 
reported in the era of CC that CR is characterized by complete resolution of the 
preceding marrow abnormality, while partial response (PR) is characterized by 
changeover of diffuse pattern to variegated or focal patterns [94]. In a retrospective 
study that was conducted in the era of novel agents, response to treatment was com-
pared with changes in infiltration patterns of WB-MRI before and after ASCT 
(n = 100). There was a strong correlation between response to antimyeloma thera-
pies and changes in both diffuse (p = 0.004) and focal (p = 0.01) MRI patterns. 
Furthermore, the number of focal lesions at second MRI was of prognostic signifi-
cance for OS (p  =  0.001) [95]. Another study in 33 patients who underwent an 
ASCT showed that WB-MRI data demonstrated progressive disease in ten patients 
(30%) and response to high-dose therapy in 23 (70%). Eight (80%) of the ten 
patients with progressive disease revealed intramedullary lesions, and two patients 
(20%) had intra- and extramedullary lesions. WB-MRI had a sensitivity of 64%, 
specificity of 86%, positive predictive value of 70%, negative predictive value of 
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83%, and accuracy of 79% for detection of remission [96]. This study supports that 
one of the disadvantages of MRI is that it often provides false-positive results 
because of persistent nonviable lesions. Thus, PET-CT might be more suitable than 
MRI for determination of remission status [97]. Indeed in a large study of 191 
patients, PET-CT revealed faster change of imaging findings than MRI in patients 
who responded to therapy [98]. It seems that the PET-CT normalization after treat-
ment can offer more information compared to MRI for the better definition of 
CR [99].

To improve the results of MRI for the most accurate detection of remission, the 
DW-MRI has been recently used. In a first preliminary report, ADC values in active 
myeloma were significantly higher than marrow in remission [50]. Furthermore, the 
mean ADC increased in 95% of responding patients and decreased in all (n = 5) 
nonresponders (p  =  0.002). An increase of ADC by 3.3% was associated with 
response, having a sensitivity of 90% and specificity of 100%. Furthermore, there 
was a negative correlation between changes of ADC and changes of biochemical 
markers of response (r = −0.614; p = 0.001) [100]. Large prospective clinical stud-
ies are definitely justified by these results.

The Value of MRI in the Definition of Smoldering/Asymptomatic Myeloma. The 
presence of lytic lesions by WBXR is included in the definition of symptomatic 
myeloma, based on studies showing that patients with at least one lytic lesion in 
WBXR have a median time to progression (TTP) of 10 months [101]. However, in 
patients with no osteolytic lesions in WBXR, the MRI reveals abnormal marrow 
appearance in 20–50% of them [66, 67, 102–104]; these patients are at higher risk 
for progression. Moulopoulos et al. reported that patients with SMM and abnormal 
MRI studies required therapy after a median of 16 months vs. 43 months for those 
with normal MRI (p < 0.01) [102]. Hillengass and colleagues evaluated WB-MRI in 
149 SMM patients. Focal lesions were detected in 42 (28%) patients, while >1 focal 
lesion was present in 23 patients (15%) who had high risk of progression (HR = 4.05, 
p < 0.001). The median TTP was 13 months, and the progression rate at 2 years was 
70%. On multivariate analysis, presence of >1 focal lesion remained a significant 
predictor of progression after adjusting for other risk factors including bone marrow 
plasmacytosis, serum and urine M-protein levels, and suppression of uninvolved 
immunoglobulins. In the same study, the diffuse marrow infiltration on MRI was 
also associated with increased risk for progression (HR = 3.5, p < 0.001) [103]. 
Kastritis and colleagues also showed in 98 SMM patients that abnormal marrow 
pattern in the MRI of the spine, which was present in 21% of patients, was associ-
ated with high risk of progression with a median TTP to symptomatic myeloma of 
15 months (p = 0.001) [104].

An important issue is whether patients who have two or more small focal lesions 
(<5 mm) should be considered as patients with symptomatic myeloma and how to 
manage them. The Heidelberg group analyzed very recently data of 63 SMM 
patients who had at least two WB-MRIs performed for follow-up before progres-
sion into symptomatic disease. The definition of radiological progression according 
to MRI findings included one of the following: (1) development of a new focal 
lesion, (2) increase of the diameter of an existing focal lesion, and (3) detection of 
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novel or progressive diffuse MRI pattern. The second MRI was performed 
3–6 months after the performance of the first MRI. Evaluation of response accord-
ing to IMWG criteria was also performed. Progressive disease according to MRI 
was observed in approximately 50% of patients, while 40% of patients developed 
symptomatic MM based on the CRAB criteria. In the multivariate analysis, MRI-PD 
was an independent prognostic factor for progression. Patients with stable MRI 
findings had no higher risk of progression, even when focal lesions were present at 
the initial MRI [105]. Prospective clinical trials should be conducted to confirm the 
above findings.

MRI Findings in Monoclonal Gammopathy of Undetermined Significance 
(MGUS). MGUS by definition is characterized by the absence of osteolytic lesions. 
However, MGUS patients have higher incidence of osteoporosis and vertebral frac-
tures compared to normal population [106, 107]. In a small study which included 37 
patients with MGUS or SMM, MRI abnormalities were detected in 20% of them. 
These patients had a higher time to progression (TTP) to symptomatic myeloma 
compared to patients with a normal MRI who did not progress after a median fol-
low- up of 30 months [108]. A prospective study in 331 patients with MGUS or 
SMM revealed that the detection of multiple (>1) focal lesions by MRI conferred an 
increased risk of progression [109]. In another large study, which included only 
MGUS patients (n = 137) who underwent a WB-MRI at diagnosis, a focal infiltra-
tion pattern was detected in 23% of them. Independent prognostic factors for pro-
gression to symptomatic myeloma included the presence and number of focal 
lesions and the value of M-protein [110].

MRI and Solitary Plasmacytoma of the Bone (SPB). The diagnosis of SBP 
includes the presence of a solitary bone lesion, with a confirmed infiltration by 
plasma cells in the biopsy of the lesion, absence of clonal plasma cells in the tre-
phine bone marrow biopsy, and no CRAB criteria. Although definitive radiotherapy 
usually eradicates the local disease, the majority of patients will develop MM 
because of the growth of previously occult lesions which have not been detected by 
WBXR [83]. Moulopoulos et al. published that spinal MRI revealed additional focal 
lesions in 4/12 SBP patients. After treatment with radiotherapy to the painful lesion, 
three patients developed systemic disease within 18 months from diagnosis [82]. 
Furthermore, Liebross et al. observed that among SBP patients with spinal disease, 
7/8 staged by WBXR alone developed MM compared to only 1/7 patients who also 
had spinal MRI [111].

8.7  PET-CT

PET-CT Detection of Bone Involvement in Myeloma. FDG-PET-CT is a functional 
imaging method, which combines demonstration of hypermetabolic activity in 
intramedullary and extramedullary sites (PET) with evidence of osteolysis (CT). 
Several studies have shown that PET-CT is more sensitive compared to WBXR for 
the detection of osteolytic lesions in MM [77, 112–114]. This has been confirmed 
by the largest meta-analysis in the field [75]. The higher detection rate of PET-CT 
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over WBXR for the presence of osteolytic lesions is especially important for 
patients with SMM. In one study with 120 patients with SMM based on the previ-
ous IMWG criteria [77], 16% of patients with normal WBXR had positive PET-CT 
results. The median time to progression (TTP) for PET-CT-positive patients was 
1.1 years vs. 4.5 for patients with negative PET-CT, while the probability of pro-
gression at 2 years for PET-CT-positive patients was 58% [115]. The largest study 
in the field involved 188 with suspected SMM examined with PET-CT. PET-CT 
was positive in 39% of patients. The probability of progression to symptomatic 
MM within 2 years was 75% for patients with a positive PET-CT under observa-
tion versus only 30% for patients with a negative PET-CT. This probability was 
higher if hypermetabolic activity was combined with underlying osteolysis 
(2-year progression rate: 87%). The median TTP was 21 months vs. 60 months for 
PET-CT-positive and PET-CT-negative patients, respectively [116]. The results of 
these two studies support the integration of changes in imaging requirements in 
the new IMWG diagnostic criteria for MM; detection of osteolytic lesions by 
PET-CT is a criterion for symptomatic MM [14].

Compared to MRI, as mentioned previously, PET-CT performs equally well in 
detecting focal lesions, but MRI is better in detecting diffuse disease [76, 77, 114].

Value of PET-CT for Better Definition of Complete Response to Antimyeloma 
Therapy. Data obtained from PET-CT in 40 MM patients, including average SUV 
and FDG kinetic parameters K1, influx, and fractal dimension, correlated signifi-
cantly with percentage of bone marrow infiltration on trephine biopsies (PC %) 
[117]. Furthermore, PET-CT efficiently detected extramedullary disease in 
patients both at diagnosis and at relapse [118]. Consequently, PET-CT was tested 
for better definition of CR in 282 MM patients. It was performed at diagnosis and 
every 12–18 months afterward. At diagnosis, 42% of MM patients had >3 focal 
lesions; in 50% of these patients SUV max was >4.2. After treatment, PET-CT 
was negative in 70% of patients, while 53% of patients achieved CR according to 
IMWG criteria. Approximately 30% of patients at CR had positive PET-CT. More 
importantly, PET-CT negativity was an independent predictor for prolonged PFS 
and OS in CR patients; median PFS was 50  months for PET-CT-positive and 
90 months for PET-CT-negative CR patients [119]. PET-CT, therefore, provides 
more accurate definition of CR, and it has been suggested that it should be incor-
porated to CR criteria [120].

Prognostic Significance of PET-CT. Several studies have confirmed the value 
of PET-CT as an independent factor for survival in MM patients both at diagnosis 
and posttreatment [99, 121–125]. In 192 newly diagnosed patients who underwent 
ASCT, the presence of extramedullary disease and SUVmax >4.2 on PET-CT 
performed at diagnosis, as well as the persistence of FDG uptake post-ASCT were 
independent variables, adversely affecting PFS [121]. In the largest study in the 
field, 429 patients who were treated with total therapy protocols in Arkansas were 
evaluated with both MRI and PET-CT at diagnosis and 7 days post-ASCT. From 
the imaging variables, in the multivariate analysis, only the detection of >2 osteo-
lytic lesions by WBXR at diagnosis and the detection of >3 focal lesions by 
PET-CT, 7  days post-ASCT, were independent prognostic factors for inferior 
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OS. Limitation of this study was the exclusion of diffuse MRI pattern from the 
analysis [89]. Despite this limitation, studies reported to-date support the role of 
PET-CT after therapy, deeming it the best imaging technique for the follow-up of 
myeloma patients. Indeed, in a recent study which has been reported only in an 
abstract form, 134 patients who were eligible for treatment with ASCT were ran-
domized to receive 8 cycles of bortezomib-lenalidomide-dexamethasone (VRD) 
followed by 1-year maintenance with lenalidomide or 3 cycles of VRD followed 
by ASCT plus 2 cycles of VRD consolidation and 1-year lenalidomide mainte-
nance. PET-CT and WB-MRI were performed after induction and before mainte-
nance. Both techniques were positive at diagnosis in more than 90% of patients. 
After induction therapy and before maintenance, more patients continued to have 
positive MRI than PET-CT (93% vs. 55%, and 83% vs. 21%, respectively), pos-
sibly due to earlier reduction of activity of PET-CT lesions. Both after induction 
and before maintenance, normalization of PET-CT and not of MRI could predict 
for PFS, while only normalization of PET-CT before maintenance could predict 
for OS (30-month OS rate: 70% in PET-CT-positive patients vs. 94.6% in patients 
with negative PET-CT negative; p = 0.01) [126].

At this point, it is crucial to mention that one of the major limitations of PET-CT 
is the lack of standardization and the controversies regarding SUV level of positiv-
ity. Recently, an Italian panel of experts introduced novel criteria for the interpreta-
tion of PET-CT images [127]. Large, multicenter, studies with prospective evaluation 
of these new criteria will reveal their clinical impact.

Other PET-CT Indications and Limitations. PET-CT may be used for the work-
 up of patients with SBP at diagnosis [128]. However, it is not clear whether PET-CT 
or MRI is more suitable in this setting since restaging PET-CT after radiotherapy 
has a number of false-positive findings [129]. PET-CT also has a role in patients 
with nonsecretory or oligo-secretory myeloma for the detection of active lesions in 
the body [130]. Major limitations of PET-CT include high cost, lack of availability 
in many centers and countries, and false-positive results due to inflammation of 
other underlying pathology.

8.8  Management of Multiple Myeloma Bone Disease

Bisphosphonates (BPs) are the mainstay in the management of MM bone disease. 
They are artificial analogues of pyrophosphates. In comparison with natural pyro-
phosphates, bisphosphonates are resistant to phosphatase-induced hydrolysis [131]. 
Bisphosphonates cause osteoclast suppression. They bind to calcium containing 
molecules such as hydroxyapatite [132]. Osteoclast-induced bone resorption causes 
exposure of hydroxyapatite. Bisphosphonates bind to the exposed molecules of 
hydroxyapatite. This fact leads to increased concentration of bisphosphonates 
within the lytic lesions [132–134]. There are two main groups of bisphosphonates, 
each with a differently proposed mechanism of action [132]. Non-nitrogen- 
containing bisphosphonates induce osteoclast apoptosis via their cytotoxic ATP 
analogues. On the other hand, nitrogen-containing bisphosphonates downregulate 
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osteoclast activity by inhibiting the HMG-CoA reductase pathway. Etidronate and 
clodronate (CLO) are non-nitrogen-containing bisphosphonates. Zoledronic acid 
(ZOL), ibandronate, pamidronate (PAM), and risedronate are nitrogen-containing 
bisphosphonates. All bisphosphonates have similar physicochemical properties; 
however, their anti-resorbing activity is different. Their activity is drastically 
increased when an amino group is entered into the aliphatic carbon chain. Thus, 
pamidronate is 100- and 700-fold more potent than etidronate, both in vitro and 
in vivo, while zoledronic acid and ibandronate show 10,000- to 100,000-fold greater 
potency than etidronate [135]. Bisphosphonates also appear to affect the microenvi-
ronment in which tumor cells grow and may have direct antitumor activity [136–
141]. Possible mechanisms include the reduction of IL-6 secretion by bone marrow 
stromal cells or the expansion of gamma/delta T cells with possible anti-MM activ-
ity. The aim of bisphosphonates use is the reduction of SREs in patients with 
myeloma bone disease [23].

According to the latest IMWG guidelines, bisphosphonates should be initiated in 
MM patients, with (grade A) or without (grade B) detectable osteolytic bone lesions 
in conventional radiography, who are receiving antimyeloma therapy, as well as 
patients with osteoporosis (grade A) or osteopenia (grade C) due to myeloma. The 
beneficial effect of zoledronic acid in patients without detectable bone disease by 
MRI or PET-CT is not known. Oral clodronate, intravenous pamidronate, and intra-
venous zoledronic acid have been licensed for the management of myeloma bone 
disease. Etidronate and ibandronate were found to be ineffective for the treatment of 
bone disease in myeloma patients [142, 143]. Several studies have evaluated the 
effects of bisphosphonates (BPs) on SREs and bone pain in patients with MM [144].

8.8.1  Etidronate

Etidronate was found to be ineffective in two placebo-controlled studies in myeloma 
patients [142, 145].

8.8.2  Ibandronate

Ibandronate is ineffective in reducing SREs or improving bone pain in patients with 
MM [143].

8.8.3  Clodronate

The oral BP, clodronate, reduced the proportion of patients with MM who experi-
enced progression of osteolytic lesions by 50% compared with placebo (24% vs. 
12%; P = 0.026) 24 and reduced the time to first and the rate of nonvertebral fracture 
(6.8% vs. 13.2% for placebo; P = 0.04) in patients with newly diagnosed MM [13]. 
Two major, placebo-controlled, randomized trials have been performed in 
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MM. Lahtinen et al. reported reduction of the development of new osteolytic lesions 
by 50% in myeloma patients who received oral CLO for 2 years that was indepen-
dent of the presence of lytic lesions at baseline [146]. In the other study, although 
there was no difference in overall survival (OS) between CLO and placebo patients, 
patients who received CLO and did not have vertebral fractures at baseline appeared 
to have a survival advantage (59 vs. 37 months). Both vertebral and nonvertebral 
fractures as well as the time to first nonvertebral fracture and severe hypercalcemia 
were reduced in the CLO group after 1 year of follow-up, and at 2 years, the patients 
who received CLO had better performance status and less myeloma-related pain 
than patients treated with placebo [147].

8.8.4  Pamidronate

PAM is an aminobisphosphonate, which has been administered either orally or 
intravenously. In one trial, patients with advanced disease and at least one lytic 
lesion were randomized to placebo or intravenous PAM [148]. Administration of 
PAM resulted in a significant reduction in skeletal-related events (SREs; 24%) vs. 
placebo (41%; p < 0.001). Patients receiving PAM also experienced reduced bone 
pain and no deterioration in quality of life (QoL) during the 2-year study. By con-
trast, administration of oral PAM failed to reduce SREs relative to placebo [149]. 
However, patients treated with oral PAM experienced fewer episodes of severe pain. 
The overall negative result of this study was attributed to the low absorption of 
orally administered BPs [149]. A recent study for patients with newly diagnosed 
MM demonstrated that PAM 30 mg monthly had comparable time with SREs and 
SRE-free survival time as compared with PAM 90 mg monthly. After a minimum of 
3 years, patients receiving PAM 30 mg showed a trend toward lower risks of osteo-
necrosis of the jaw (ONJ) and nephrotoxicity compared with the higher dose. 
However, the study was not powered to show SRE differences between the two 
PAM dosages but only to show QoL differences [150].

8.8.5  Zoledronic Acid (ZOL)

In a non-inferiority randomized phase II trial published by Berenson et al., escalat-
ing doses of ZOL were tested in comparison with 90 mg of PAM, in 280 patients, 
108 of them affected by MM (the other had metastatic breast cancer to bone). Both 
ZOL (at doses of 2 and 4 mg) and PAM significantly reduced SREs in contrast to 
0.4 mg ZOL [151]. This phase II trial failed to show any superiority of ZOL com-
pared with PAM in terms of SREs, but it was not powered to show differences 
between the groups.

Bisphosphonates Head to Head. There are only two large randomized studies 
comparing two different BPs. A phase III, randomized, double-blind study was per-
formed to compare the effects of zoledronic acid with pamidronate for patients with 
myeloma and lytic bone disease or with metastatic breast cancer to bone [152, 153]. 
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In the myeloma cohort, there was no difference between the two treatment arms 
regarding incidence and time to first SRE. However, N-terminal cross-linking telo-
peptide of collagen type I (NTX) levels, a sensitive marker of bone resorption, nor-
malized more often in the zoledronic acid arm compared with pamidronate-treated 
patients. More recently, the Medical Research Council (MRC) of the UK compared 
zoledronic acid (4 mg intravenous every 3–4 weeks or at doses according to creati-
nine clearance [CrCl] rates) and oral clodronate (1600 mg orally daily) for patients 
with newly diagnosed, symptomatic MM, who were treated with antimyeloma ther-
apy (n  =  1960 evaluable for efficacy). Zoledronic acid reduced the incidence of 
SREs both in myeloma patients with or without bone lesions as assessed using 
conventional radiography, compared with clodronate [154, 155]. After a median 
follow-up of 3.7 years, 35% of patients receiving clodronate had experienced SREs 
vs. 27% of patients receiving zoledronic acid (p = 0.004). More importantly, zole-
dronic acid reduced mortality and extended median survival. Further, subset analy-
sis showed this treatment extended survival by 10  months over clodronate for 
patients with osteolytic disease at diagnosis, whereas myeloma patients without 
bone disease at diagnosis as assessed using conventional radiography had no sur-
vival advantage with zoleronic acid [155]. These results confirm preclinical studies 
suggesting indirect and direct antimyeloma effects of zoledronic acid [156]. Possible 
mechanisms for the antimyeloma effects of zoledronic acid include direct cytotoxic 
effect on the tumor cells, the reduction of IL-6 secretion by bone marrow stromal 
cells, the expansion of gamma/delta T cells with possible anti-MM activity, anti- 
angiogenic effects, and inhibitory effects in the adhesion molecules. In specific sub-
sets of patients, other BPs have also been associated with improved survival: patients 
receiving second-line antimyeloma chemotherapy and treated with pamidronate 
experienced a borderline improvement in OS over placebo [148], whereas clodro-
nate had an OS advantage in patients without vertebral fractures at presentation 
relative to placebo [147]. Nevertheless, a Cochrane database meta-analysis showed 
that zoledronic acid was the only BP associated with superior OS compared 
with placebo (hazard ratio, 0.61; 95% CI, 0.28–0.98), but not compared with other 
BPs [157].

Patients with Asymptomatic Myeloma (AMM). Intravenous PAM (60–90  mg 
monthly for 12 months) in patients with AMM reduced bone involvement at pro-
gression but did not decrease the risk and increase the time to progression [158]. 
Similarly, intravenous ZOL (4 mg monthly for 12 months) reduced the SRE risk at 
progression but did not influence the risk of progression of AMM patients [159].

Several studies have reported the value of MRI (presence of >1 focal lesion and 
presence of diffuse pattern of marrow infiltration) in detecting patients with AMM 
at high risk for progression [102, 103]. Since there is no data supporting PFS advan-
tage with bisphosphonates in AMM, bisphosphonates should not be recommended 
except for a clinical trial of high-risk patients.

Patients with MGUS. MGUS patients are at high risk for developing osteoporosis 
and pathological fractures [160, 161]. Three doses of ZOL (4  mg intravenously 
every 6 months) increased bone mineral density (BMD) by 15% in the lumbar spine 
and by 6% in the femoral neck in MGUS patients with osteopenia or osteoporosis 
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[162]. Oral alendronate (70 mg/weekly) also increased BMD of the lumbar spine 
and total femur by 6.1% and 1.5%, respectively, in 50 MGUS patients with vertebral 
fractures and/or osteoporosis [163].

Patients with Solitary Plasmacytoma (SPB). Patients with solitary plasmacytoma 
and no evidence of MM do not require therapy with bisphosphonates. However, 
these patients should have a whole-body MRI since in a study of 17 patients diag-
nosed with a solitary plasmacytoma, all showed additional focal lesions or a diffuse 
infiltration on MRI, leading to a classification as stage I MM (76%), stage II MM 
(12%), or stage III MM (12%) using the Durie-Salmon PLUS system [164].

Route of Administration. Strict adherence to dosing recommendations is required 
for bisphosphonate therapy to effectively reduce and delay SREs in patients with 
MM. Each patient prescribed bisphosphonate therapy should be instructed about the 
crucial importance of adherence to the dosing regimen. Although a few randomized, 
placebo-controlled clinical studies suggest that long-term compliance with oral 
bisphosphonates such as CLO is satisfactory in MM patients [13, 146], compliance 
with oral bisphosphonate therapy is generally suboptimal [165]. Further, the 
MRC-IX data strongly support the use of intravenous ZOL over CLO in all out-
comes measured, including reduction of SREs and improvement in OS [154, 155, 
166]. According to the latest IMWG guidelines, intravenous administration of BPs 
is the preferred choice (grade A). However, oral administration remains an option 
for patients who cannot receive regular hospital care or in-home nursing visits 
(grade D) [144].

Treatment Duration. Intravenous bisphosphonates should be administered at 3- 
to 4-week intervals to all patients with active MM (grade A). ZOL improves OS and 
reduces SREs over CLO in patients who received treatment for more than 2 years; 
thus, it should be given until disease progression in patients not in complete remis-
sion (CR) or a very good partial remission (VGPR) and further continued at relapse 
(grade B). There is not similar evidence for PAM. PAM may be continued in patients 
with active disease at the physician’s discretion (grade D), and PAM therapy should 
be resumed after disease relapse (grade D). For patients in CR/VGPR, the optimal 
treatment duration of BPs is not clear. According to the IMWG, BPs should be given 
for at least 12 months and up to 24 months and then at the physician’s discretion 
(grade D; panel consensus).

According to the latest IMWG guidelines and due to higher reported rates of 
ONJ with extended duration of therapy, ZOL or PAM should be discontinued 
after 1–2 years in patients who have achieved CR or VGPR (grade D; panel consen-
sus) [144].

8.8.6  Adverse Events

Even though bisphosphonate therapy is well tolerated in patients with MM, clini-
cians should be alert for symptoms and signs suggesting adverse events (AEs), and 
patients and healthcare professionals should be instructed on how to prevent and 
recognize AEs. Potential AEs associated with bisphosphonate administration 
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include hypocalcemia and hypophosphatemia, gastrointestinal events after oral 
administration, inflammatory reactions at the injection site, and acute-phase reac-
tions after IV administration of aminobisphosphonates. Renal impairment and ONJ 
represent infrequent but potentially serious AEs with bisphosphonate use.

Hypocalcemia. Hypocalcemia is usually relatively mild and asymptomatic with 
bisphosphonate use in most MM patients. The incidence of symptomatic hypocal-
cemia is much lower in MM patients compared to patients with solid tumors. 
Although severe hypocalcemia has been observed in some patients [167], it is usu-
ally preventable via the administration of oral calcium and vitamin D3. Patients 
should routinely receive calcium (600 mg/day) and vitamin D3 (400 IU/day) sup-
plementation since 60% of MM patients have vitamin D deficiency or insufficiency 
[168, 169]. In vitamin D-deficient patients, there is an increase in bone remodeling. 
This fact shows that MM patients should be calcium and vitamin D sufficient [170]. 
Calcium supplementation should be used with caution in patients with renal 
insufficiency.

Renal Impairment. Bisphosphonate infusions are associated with both dose- and 
infusion rate-dependent effects on renal function. The potential for renal damage is 
dependent on the concentration of bisphosphonate in the bloodstream, and the high-
est risk is observed after administration of high dosages or rapid infusion. Both ZOL 
and PAM have been associated with acute renal damage or increases in serum cre-
atinine [152, 171]. Patients should be closely monitored for compromised renal 
function by measuring CrCl before administration of each IV bisphosphonate infu-
sion. Current guideline recommendations [144] state that the dosages of zoledronic 
acid and clodronate, when administered intravenously, should be reduced for 
patients who have preexisting renal impairment (CrCl 30–60 mL/min), but there are 
no clinical studies demonstrating the efficacy of this approach. For patients with 
CrCl between 30–60 mL/min, zoledronic acid dose should be adjusted. Zoledronic 
acid has not been studied for patients presented with severe renal impairment (CrCl 
<30 mL/min), and it is not recommended for patients with severe renal impairment 
(CrCl <30 mL/min). We suggest that pamidronate may be given at a dose of 90 mg 
infused over 4–6 h for myeloma patients with osteolytic disease and renal insuffi-
ciency. Furthermore, serum creatinine and CrCl should be measured before each 
infusion of pamidronate or zoledronic acid, while BPs should not be administered 
in short infusion times (<2 h for pamidronate and less than 15 min for zoledronic 
acid). Bisphosphonate therapy can be resumed, after withholding zoledronic acid or 
pamidronate for patients who develop renal deterioration during therapy, when 
serum creatinine returns to within 10% of baseline [144].

Osteonecrosis of the Jaw. It is an uncommon complication of intravenous 
bisphosphonates. It is potentially serious, and its main characteristic is the presence 
of exposed bone in the mouth. Incidence may vary from 2 to 10% [172, 173]. Longer 
exposure increases the cumulative incidence of ONJ. One of the main risk factors 
for the development of ONJ is the invasive dental procedures [172]. Other risk fac-
tors include poor oral hygiene, age, and duration of myeloma. Zoledronic acid was 
associated with a higher incidence of ONJ in retrospective evaluations [174]. In 
approximately one half of patients, ONJ lesions will heal [175], but approximately 
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one half of patients who restart bisphosphonate therapy after having stopped it will 
develop recurrence of ONJ. According to recent IMWG guidelines [176], preven-
tive strategies should be adopted to avoid ONJ. A dental examination is necessary 
before beginning of the bisphosphonate’s course. Patients should also be alerted 
regarding dental hygiene (grade C; panel consensus). All existing dental condition 
should be treated before initiation of bisphosphonate therapy (grade C; panel con-
sensus). After bisphosphonate treatment initiation, unnecessary invasive dental pro-
cedures should be avoided, and dental health status should be monitored on annual 
basis (grade C). Patients’ dental health status should be monitored by a physician 
and a dentist (grade D; panel consensus). Dental problems should be managed con-
servatively if possible (grade C). If invasive dental procedures are necessary, there 
should be temporary suspension of bisphosphonate treatment (grade D). The panel 
consensus suggests the interruption of bisphosphonates before and after dental pro-
cedures for a total of 180 days (90 days before and 90 days after procedures such as 
tooth extraction, dental implants, and surgery to the jaw). Bisphosphonates do not 
need to be discontinued for routine dental procedures including root canal. Initial 
treatment of ONJ should include discontinuation of bisphosphonates until healing 
occurs (grade C). The physician should consider the advantages and disadvantages 
of continued treatment with bisphosphonates, especially in the relapsed/refractory 
MM setting (grade D). Preventive measures during bisphosphonate treatment have 
the potential to reduce the incidence of ONJ about 75% [177]. Prophylactic antibi-
otic treatment may prevent ONJ occurrence after dental procedures [178]. 
Management of patients depends on ONJ stage. Stage I (asymptomatic exposed 
bone, no soft tissue infection) can be managed conservatively with oral antimicro-
bial rinses. Stage II (exposed bone and associated pain/swelling and/or soft tissue 
infection) requires culture-directed long-term and maintenance antimicrobial ther-
apy, analgesic management, and, occasionally, minor bony debridement. Stage III 
disease (pathological fracture and exposed bone or soft tissue infection not manage-
able with antibiotics) requires surgical resection in order to reduce the volume of 
necrotic bone in addition to the measures described in stage II [179]. When ONJ 
occurs, initial therapy should include discontinuation of bisphosphonates until heal-
ing occurs [132]. The administration of medical ozone (O3) as an oil suspension 
directly to the ONJ lesions that are below ≤2.5 cm may be another possible thera-
peutic strategy for those patients who fail to respond to conservative treatment. In 
such patients, there are reports suggesting that ONJ lesions resolved with complete 
reconstitution of oral and jaw tissue, with 3–10 applications [180, 181]. In addition, 
treatment with hyperbaric oxygen has been reported to be helpful.

8.9  Future Treatment Options

8.9.1  RANKL/RANK Pathway Regulators: Targeting 
the Osteoclast

RANKL Antagonists. Preclinical models of MM demonstrated that RANKL inhibi-
tion can prevent bone destruction from MM. RANKL inhibition with recombinant 
RANK-Fc protein not only reduced MM-induced osteolysis but also caused a 
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marked decline in tumor burden [182, 183]. Similar results were obtained using 
recombinant OPG for the treatment of MM-bearing animals [184]. These data gave 
the rationale for using RANKL inhibition in the clinical setting.

Denosumab, a fully human monoclonal antibody, has showed high affinity and 
specificity in binding RANKL and inhibits RANKL-RANK interaction, mimicking 
the endogenous effects of OPG. In knock-in mice with chimeric (murine/human) 
RANKL expression, denosumab showed inhibition of bone resorption [185].

In a phase I trial, 54 patients with breast cancer (n = 29) or MM (n = 25) with 
radiologically confirmed bone lesions received a single dose of either denosumab 
or pamidronate. Denosumab decreased bone resorption within 24 h of administra-
tion, as reflected by levels of urinary and serum NTX. That was similar in magni-
tude but more sustained than with intravenous pamidronate [186]. These results 
were confirmed in another phase I trial, in which denosumab was given at multiple 
doses [187].

In a phase II trial, the ability of denosumab (120 mg given monthly as a subcuta-
neous injection) to affect bone resorption markers and monoclonal protein levels in 
MM patients who relapsed after response to prior therapy and in patients with 
response to most recent therapy and who had stable disease for at least 3 months 
was evaluated. No patients experienced complete or partial response (≥50% reduc-
tion in M-protein), but seven patients had maximum reduction of ≥25% in serum 
M-protein. Bone resorption markers were reduced by more than 50% with deno-
sumab [188].

In another phase II trial, Fizazi et al. evaluated the effect of denosumab in patients 
with bone metastases and elevated urinary NTX levels despite ongoing intravenous 
bisphosphonate therapy. Patients were stratified by tumor type (total 111 patients: 9 
patients with multiple myeloma, 50 patients with prostate cancer, 46 patients with 
breast cancer, and 6 patients with another solid tumor) and screening NTX levels 
and randomly assigned to receive subcutaneous denosumab 180 mg every four or 
every 12 weeks or continue intravenous bisphosphonates every 4 weeks. Denosumab 
normalized urinary NTX levels more frequently than the continuation of intrave-
nous bisphosphonate (64% vs. 37%, respectively, p = 0.01), while fewer patients 
receiving denosumab experienced on-study SREs than those receiving intravenous 
bisphosphonate (8% vs. 17%) [189]. This study showed that denosumab inhibits 
bone resorption and prevents SREs even in patients who are refractory to bisphos-
phonate therapy.

A meta-analysis of major phase 3 studies comparing denosumab vs. zoledronic 
acid including mainly patients with solid tumors showed that denosumab was supe-
rior in terms of delaying the time to first on-study SRE by 8 months and reducing 
the risk of the first SRE by 17%. No difference between the two drugs was reported 
regarding disease progression and overall survival. Hypocalcaemia was more com-
mon in denosumab arm, while ONJ was similar with the two drugs [190].

Denosumab appears to have little toxicity, mainly asthenia, and multiple phase 
III trials of denosumab in patients with bone metastasis are ongoing. However, it is 
crucial to mention that RANKL is involved in dendritic cell survival and that the 
anti-RANKL strategy may have an effect on the immune system and a possible 
increase in infection rate, especially in cancer patients who have already had severe 
immunodeficiency. For MM patients, while denosumab was comparable to 
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zoledronic acid with respect to the occurrence of SREs, inferior survival occurred in 
denosumab compared to zoledronic acid-treated patients, but this was a subset anal-
ysis from a large phase III trial that involved mostly solid tumor patients with meta-
static bone disease [191]. Interpretation is limited based on the small numbers of 
MM patients who were enrolled on the trial and imbalance in baseline disease 
characteristics.

To address this survival discrepancy in the phase 3 RCT, a confirmatory phase 
3 trial that included 1718 newly diagnosed myeloma patients, randomized to 
denosumab (758 patients) and zoledronic acid (758 patients), stratified by type of 
first- line therapy and previous SRE, was recently reported at the IMW 2017 [Raje 
et  al. OP-46]. Primary endpoint was non-inferiority of denosumab (vs ZA) for 
time to first SRE while on study. Several secondary endpoints were evaluated 
including the superiority of denosumab and overall survival (OS). At a median 
follow-up of 17.4 months, median time to first on-study SRE was similar between 
both groups (23 months). 43.8% pts. on denosumab and 44.6% on ZA had a first 
on-study SRE (P = 0.01), confirming the non-inferiority of denosumab to ZA in 
delaying time to first on-study SRE (HR = 0.98[0.85,1.14]). More interestingly, a 
pre-specified exploratory endpoint, the PFS favored the denosumab arm 
(HR = 0.82[0.68,0.99]), P = 0.036. Denosumab met the primary endpoint of the 
study demonstrating the non-inferiority to ZA in delaying time to first SRE. The 
safety profile of denosumab is established. Though the lack of OS difference sug-
gests a shorter follow-up of the study, it is reassuring to know that the inferiority 
in survival from earlier RCT was not demonstrated and will need further 
follow-up.

8.9.2  Activin-A Inhibitors

Sotatercept (ACE-011) is a fusion protein of the extracellular domain of the high- 
affinity activin receptor IIA (ActRIIA) and human immunoglobulin G (IgG) Fc 
domain with potent inhibitory effect on activin, enhancing the deposition of new 
bone tissue and preventing bone loss. In the preclinical setting, RAP-011, a murine 
counterpart of sotatercept, prevented the formation of osteolytic lesions in a murine 
MM model by stimulating bone formation through osteoblasts, while having no 
effect on osteoclast activity [192].

In a phase 1 study, in healthy postmenopausal volunteers, single-dose sotatercept 
was associated with increased serum levels of the bone formation marker bone- 
specific alkaline phosphatase (bALP) and decreased bone resorption markers CTX 
and tartrate-resistant acid phosphatase isoform 5b (TRACP-5b), reflecting a 
decrease in bone resorption and an increase in bone formation [193]. No safety 
concerns were noted in this study.

In a multicenter phase 2 trial, patients with osteolytic bone lesions due to MM 
were randomized to receive either four 28-day cycles of sotatercept or placebo as 
subcutaneous injection with concomitant anticancer therapy consisting of oral 
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melphalan, prednisolone, and thalidomide (MPT). Sotatercept treatment demon-
strated clinically significant increases in biomarkers of bone formation, decreases in 
bone pain, and antitumor activity as well as increase in hemoglobin levels [192], but 
further research is needed to support these findings. Moreover, increased activin-A 
secretion was induced by lenalidomide and was canceled by the addition of an 
activin-A-neutralizing antibody. This effectively restored osteoblast function and 
subsequently inhibited myeloma-related osteolysis without abrogating the cytotoxic 
effects of lenalidomide on malignant cells [194] and thus supporting the combina-
tion of lenalidomide with an anti-activin-A molecule.

8.10  Future Agents Targeting the Osteoclast

The pathophysiology of myeloma bone disease is complex. Interactions between 
myeloma cells, stromal cells, osteoclasts, and osteoblasts create vicious cycles that 
lead to the development of osteolytic disease and support the myeloma cell growth 
and survival. The better understanding of this biology has revealed several other 
pathways that enhance osteoclastogenesis, including the PI3K/AKT/mTOR path-
way, the extracellular signal-regulated kinase 1/2 pathway, the nuclear export pro-
tein CRM1/XPO1 signaling, the MAPK pathways, the parathyroid hormone-related 
protein, chemokines and their receptors such as the C-C chemokine receptor type 
1 and 2 (CCR1 and -2), the C-C motif ligand 3 (CCL-3; previously known as mac-
rophage inflammatory protein 1a) pathways, and others [23, 195–202]. This 
knowledge has led to the development of novel drugs that may be used in the near 
future for the management of lytic bone disease in myeloma patients. AKT path-
way is upregulated in marrow monocytes from MM patients, leading to a sustained 
high expression of RANK in osteoclast precursors. AKT inhibition blocks this 
upregulation of RANK expression and the subsequent osteoclast formation. In the 
clinical setting, the novel AKT inhibitor LY294002 blocked the formation of 
myeloma masses in the bone marrow cavity and dramatically reduced osteoclast 
formation and osteolytic lesions in SCID mice, suggesting a potential role in the 
management of MM patients with bone disease in the future [196]. AZD6244 is a 
mitogen-activated or extracellular signal-regulated protein kinase (MEK) inhibi-
tor. It has been reported in preclinical models that AZD6244 blocked osteoclast 
formation in a dose-dependent manner and inhibited bone resorption targeting a 
later stage of osteoclast differentiation [197]. Novel, oral, irreversible selective 
nuclear export inhibitors (SINEs) that target CRM1 have shown strong antimy-
eloma activity, and they inhibit the MM-induced osteolysis. SINEs have direct 
anti-osteoclastic function through the blockade of RANKL-induced NF-kB and 
NFATc1, with almost no impact on osteoblasts, supporting their clinical develop-
ment for myeloma- related bone disease [198]. MLN3897 is a novel antagonist of 
the chemokine receptor CCR1 that demonstrated reduction of osteoclast formation 
and function by inhibiting the AKT signaling and the CCL-3 pathway in preclini-
cal models [203].
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8.11  Wnt Pathway Regulators: Helping the Osteoblast

DKK-1 Antagonists. DKK-1 plays an important role in the dysfunction of osteo-
blasts observed in MM. The production of this soluble Wnt inhibitor by MM cells 
inhibits osteoblast activity, and its serum level reflects the extension of focal bone 
lesions in MM [68, 149]. Serum DKK-1 is increased not only in symptomatic MM 
patients at diagnosis and but also in relapsed MM, correlating with advanced dis-
ease features and the presence of lytic lesions, while serum DKK-1 levels of asymp-
tomatic patients at diagnosis and plateau do not differ from control values [26, 204].

BHQ880, an IgG antibody, the first-in-class, fully human anti-Dkk-1 neutralizing 
antibody, seems to promote bone formation, and thus it has been shown to inhibit 
tumor-induced osteolytic disease in preclinical studies [190]. Inhibiting Dkk-1 with 
BHQ880  in the 5T2MM murine model of myeloma reduced the development of 
osteolytic bone lesions and in vivo growth of MM cells [205]. A phase I/II study of 
BHQ880  in combination with zoledronic acid in relapsed or refractory myeloma 
patients is ongoing as well as phase II studies in patients with high-risk smoldering 
MM or untreated MM and renal insufficiency. Results are highly anticipated.

Sclerostin Antagonists. Sclerostin is another Wnt inhibitor, specifically expressed 
by osteocytes, which inhibits osteoblast-driven bone formation and induces mature 
osteoblast apoptosis [206]. Sclerostin deficiency leads to the development of rare 
bone sclerosing disorders, including sclerosteosis and van Buchem disease. On the 
other hand, elevated sclerostin is implicated in the mechanisms of bone loss in met-
abolic bone diseases, such as postmenopausal osteoporosis and thalassemia- 
associated osteoporosis [207, 208]. Elevated circulating sclerostin levels correlate 
with advanced disease features and abnormal bone remodeling in symptomatic 
myeloma [27]. In particular, MM patients who presented with fractures at diagnosis 
had very high levels of circulating sclerostin compared with all others (p < 0.01), 
while sclerostin serum levels correlated negatively with bALP (r  =  −0.541; 
p < 0.0001) and positively with CTX (r = 0.524; p < 0.0001) [27]. Romosozumab 
(AMG 785; CDP7851), an investigational humanized monoclonal antibody that 
inhibits the activity of sclerostin, has been used in phase II clinical studies in post-
menopausal women with low bone mineral density (BMD), demonstrating signifi-
cant increases in lumbar spine BMD after 12  months [209]. Studies in MM are 
planned to start soon.

8.12  Antimyeloma Agents

8.12.1  Bortezomib

Bortezomib is the first proteasome inhibitor with established activity against 
myeloma, with subsequent effects on osteoclasts that leads to reduced bone resorp-
tion [210, 211]. For patients with relapsed/refractory MM, bortezomib reduces cir-
culating RANKL, osteoclast function, and bone resorption, as assessed by 
TRACP-5b and CTX serum levels, respectively [212]. Furthermore, bortezomib 
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increases osteoblast activity and bone formation both in vitro and for patients with 
relapsed/refractory MM [213, 214]. More specifically, bortezomib increased bone 
formation markers such as bALP; this increase was observed both among respond-
ers and nonresponders to bortezomib suggesting a direct effect of bortezomib on 
osteoblastic activity [215]. Another proteasome inhibitor, carfilzomib, has been 
reported to increase bALP in patients with relapsed/refractory MM that responded 
to therapy [216]. Bortezomib in combination with zoledronic acid increased BMD 
in a subset of MM patients at first relapse even in the presence of dexamethasone 
[217]. However, when bortezomib was given in combination with other antimy-
eloma drugs, such as melphalan and thalidomide (VMDT regimen), no increase in 
bALP and osteocalcin was observed suggesting that in such combinations bortezo-
mib seems to lose its beneficial effect on osteoblasts [218]. Even in post-autologous 
stem cell transplantation patients with low myeloma burden, bortezomib in combi-
nation with thalidomide and dexamethasone as consolidation therapy failed to pro-
duce a significant bone anabolic effect [219]. Nevertheless, in this specific cohort of 
patients who did not receive BPs during consolidation, bone resorption was reduced, 
and there were no SREs in responding patients. In a subanalysis of a phase III study 
in newly diagnosed patients (VISTA trial), bortezomib in combination with melpha-
lan and prednisone (VMP) reduced substantially DKK-1  in responding patients, 
while the MP regimen increased DKK-1 even in responders [220]. In the same 
study, there was evident bone formation effect in conventional radiography in subset 
of VMP patients but not in MP patients [220].

These findings suggest that proteasome inhibition and especially bortezomib, in 
addition to its antineoplastic effects on tumor cells, may directly stimulate osteo-
blast differentiation and function and lead to increased bone formation and increased 
BMD, at least in responders. However, it is unclear if bortezomib alone is sufficient 
to reverse bone disease in MM patients and heal lytic lesions as evidence of the 
effect of bortezomib on clinical end points specific to the bone, such as SREs is 
limited, possibly as a result of relatively short follow-up periods. Prospective trials 
that specifically investigate end points related to bone formation are needed.

8.13  Immunomodulatory Agents

Immunomodulatory agents (IMiDs), such as thalidomide, lenalidomide, and 
pomalidomide, are highly active agents in the treatment of both newly diagnosed 
and relapsed/refractory MM.  These agents also alter interactions between bone 
marrow microenvironment and malignant plasma cells and modify abnormal bone 
metabolism in MM [23].

Thalidomide. Thalidomide almost completely blocks RANKL-induced osteo-
clast formation in vitro. In relapsed/refractory MM patients, intermediate dose of 
thalidomide (200 mg/day) in combination with dexamethasone produced a signifi-
cant reduction of serum markers of bone resorption [C-telopeptide of collagen type 
I (CTX) and tartrate-resistant acid phosphatase isoform-5b (TRACP-5b)] and also 
of sRANKL/OPG ratio [221].
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Lenalidomide. Lenalidomide also inhibited osteoclast formation, by targeting 
PU.1, a critical transcription factor for the development of osteoclasts, and down-
regulating cathepsin K. The downregulation of PU.1  in hematopoietic progenitor 
cells resulted in a complete shift of lineage development toward granulo-
cytes. Lenalidomide also reduced the serum levels of sRANKL/OPG ratio in MM 
patients [222].

Pomalidomide. Pomalidomide, like thalidomide, blocks RANKL-induced 
osteoclastogenesis in vitro, even at concentrations of one μM, which is similar or 
even lower than that achieved in vivo after the therapeutic administration of this 
agent. Pomalidomide downregulates transcription factor PU.1, affecting the lin-
eage commitment of osteoclast precursors toward granulocytes instead of mature 
osteoclasts [223].

8.14  Other Novel Agents

Panobinostat is a histone deacetylase inhibitor, which has shown significant pre-
clinical antimyeloma activity and is currently in phase III trials for relapsed 
MM.  Recently, a potent synergistic antiproliferative effect of panobinostat with 
zoledronic acid was described in three myeloma cell lines and may result in clinical 
trials in myeloma patients [224].

Bruton’s tyrosine kinase (BTK) has been reported to play an important role in 
myeloma cell homing to bone and the subsequent myeloma-induced bone disease 
[225]. Several BTK inhibitors have been developed including ibrutinib, which was 
recently approved for the treatment of mantle cell lymphoma. This new category of 
drugs has entered into clinical trials in myeloma patients and may be used in the 
future in patients with bone disease.

Other novel antimyeloma agents have also shown effects on bone disease in pre-
clinical models. Antibodies against B cell activating factor (anti-BAFF) have pro-
duced direct antimyeloma effects and reductions in tartrate-resistant acid 
phosphatase-positive osteoclasts and in lytic lesions in anti-BAFF-treated animals 
[226]. Similarly, SCIO-469, a selective p38a MAPK inhibitor, inhibited MM growth 
and prevented bone disease in the 5T2MM and 5T33MM animal models [227].

8.15  Kyphoplasty and Vertebroplasty

Several studies have demonstrated that balloon kyphoplasty (BKP) or vertebro-
plasty is well-tolerated and effective procedures that provide pain relief and improve 
functional outcomes in patients with painful neoplastic spinal fractures. A single 
randomized study of 134 patients with bone metastases due to solid tumors and MM 
demonstrated that treatment of VCFs with BKP was associated with clinically 
meaningful improvements in physical functioning, back pain, QoL, and ability to 
perform daily activities relative to nonsurgical management. These benefits per-
sisted throughout the 12-month study [228]. A meta-analysis of 7 nonrandomized 
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studies of patients with MM or osteolytic metastasis revealed that BKP was associ-
ated with reduced pain and improved functional outcomes, benefits that were main-
tained up to 2 years post-procedure (N = 306). BKP also improved early vertebral 
height loss and spinal deformity, but these effects were not long-term [229]. 
Similarly, a retrospective review of 67 patients with MM-related vertebral compres-
sion fractures (VCFs) demonstrated that vertebroplasty provided clinically mean-
ingful improvements in physical functioning, pain, and mobility throughout 
12  months of follow-up [230]. Several small nonrandomized studies of BKP or 
BKP and vertebroplasty generated comparable results [231–233]. However, the role 
of vertebroplasty for myeloma patients remains debatable in the absence of pro-
spective data [232, 234], as two randomized trials failed to show any benefit of 
vertebroplasty in patients with osteoporotic fractures vs. conservative therapy [235, 
236]. Furthermore, a meta-analysis of 59 studies (56 case series) showed that BKP 
appears to be more effective than vertebroplasty in relieving pain secondary to 
cancer- related VCFs and is associated with lower rates of cement leakage [237].

8.16  Radiation Therapy

Several studies, the majority of which were retrospective and included relatively 
small patient cohorts, demonstrated that radiotherapy provided pain relief, 
decreased analgesic use, promoted recalcification, reduced neurologic symptoms, 
and improved motor function and QoL in patients with MM [238–240]. In addi-
tion, the total administered dose should be limited and the field of therapy 
restricted, especially when the aim of treatment is pain relief rather than treatment 
or prevention of pathologic fractures. A single 8- to 10-Gy fraction is generally 
recommended. Indeed, single fractions are increasingly preferred to fractionated 
treatment. No difference in rapidity of onset or duration of pain relief was observed 
between a single 8-Gy fraction and a fractionated 2-week course of 30 Gy in a 
randomized study of 288 patients with widespread bony metastases, including 23 
patients with MM [241].

MM accounts for 11% of the most prevalent cancer diagnoses causing spinal 
cord compression (SCC) [242]. In the largest retrospective series to date, radio-
therapy alone improved motor function in 75% of patients with MM and SCC. One- 
year local control was 100%, and 1-year survival was 94% [243].

8.17  Surgery

Surgery is usually directed toward preventing or repair of axial fractures, unstable 
spinal fractures, and SCC in myeloma patients. Decompression laminectomy is 
rarely required in MM patients, but radioresistant MM or retropulsed bone frag-
ments may require surgical intervention [244]. In a relatively large study, 75 MM 
patients were treated surgically (83 interventions) for skeletal complications of the 
disease. Most of the lesions were in the axial skeleton or the proximal extremities 
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apart from one distal lesion of the fibula, and most surgery was performed in the 
spine (35 patients). Surgical treatment in these patients was mostly limited to a pal-
liative approach and was well tolerated [245].
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9.1  Introduction

Personalizing the treatment for a patient, or adapting the treatment for the individual 
patient, is a concept that is as old as the discipline of medicine. It is no wonder that 
one often comes across the reference to the “art” of medicine. A better understand-
ing of the human physiology as well as disease biology has allowed us to inject 
more of science into the art of medicine, where decisions can be based more objec-
tively on the scientific facts. The two basic requirements for such a personalized 
approach to treatment are a good understanding of the factors underlying disease 
heterogeneity and a choice of different treatment options that work in different 
ways. Even though there is increasing interest in incorporation of personalized med-
icine in oncology, limitations exist [1]. In the context of multiple myeloma (MM), 
both these basic requirements are increasingly becoming a reality, even though con-
siderable amount of work remains to be done.

9.2  Disease Heterogeneity

As with many diseases, there is a considerable heterogeneity in the clinical presen-
tation, response to treatment, and survival outcomes in MM [2]. Even though MM 
is often considered as one disease, characterized by clonal proliferation of mature 
plasma cells, it is increasingly becoming clear that this represents a group of disor-
ders with a common phenotype, at least when visualized morphologically. The het-
erogeneity is composed of several features which can be broadly grouped into those 
that are tumor related and host specific and those resulting from differences in inter-
action between the tumor and host (Fig. 9.1) [3]. These characteristics can influence 
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the disease presentation in any given patient, may influence the treatment responses 
and toxicity to treatment, and the long-term outcomes including overall and disease- 
specific survival.

Tumor Characteristics
 1. Chromosomal abnormalities: Much has been learned during the past decade 

regarding the spectrum of chromosomal abnormalities in myeloma, one of the 
most recognized and studied factors with respect to prognostic factors in MM 
[3–7]. Broadly, the abnormalities can be grouped into translocations involving 
the immunoglobulin heavy chain locus on chromosome 14 and a set of common 
partner chromosomes (chromosomes 4, 6, 8, 11, 16, and 20) or trisomies of sev-
eral odd-numbered chromosomes (typically, 5, 7, 9, 15) or deletions (chromo-
some 1p, 17p, and 13q) or monosomies [13, 17]. The clinical outcomes associated 
with the presence of these abnormalities have been well studied, though the 
pathological mechanisms driven by these abnormalities are poorly understood. 
These chromosomal abnormalities can be observed across the entire spectrum of 
monoclonal gammopathies from MGUS to active myeloma, suggesting that the 
translocations and trisomies are early events in clonal evolution of the plasma 
cell [8, 9]. However, it remains unclear how it contributes to the disease progres-
sion across the spectrum. In addition to the differences in clinical outcomes, 
some phenotypic differences have been described and suggest that these abnor-
malities may allow us to further classify MM into related groups of diseases. 
Such a classification can be of clinical value if it predicts outcome but can be 
particularly relevant if it would allow us to select therapy. We are starting to see 
some early evidence regarding the utility of these markers in directing therapy. 
The first set of evidence came from early studies of the proteasome inhibitor 
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bortezomib, where it was clearly shown that the outcome of patients with dele-
tion 13q could be improved by using bortezomib [10, 11]. Following this, several 
trials demonstrated a distinct benefit from using bortezomib in patients with 
t(4;14), another marker of poor outcome [11]. In particular, the early and contin-
ued use of bortezomib clearly improved the outcome of these patients compared 
with other treatment approaches. Patients with del17p, associated with loss of 
p53 gene, have one of the poorest outcomes among patients with MM. In this 
group of patients, the use of tandem autologous stem cell transplant followed by 
bortezomib maintenance, as well as the prolonged use of a PI/IMiD combina-
tion, appears to offer survival improvement [12]. More recently, ixazomib, an 
oral proteasome inhibitor, was shown to significantly negate the poor prognostic 
effect of del17p in a phase 3 trial in relapsed patients [13]. While it is not clear 
why specific treatment approaches may impact the outcome of these high-risk 
markers, recently described efficacy of targeted agents such as the bcl2 inhibitor 
venetoclax in t(11;14) MM has clear biological basis [14]. It appears that in MM 
with t(11;14), the plasma cells have a high ratio of bcl2 to mcl1, which increases 
the sensitivity of the MM cell to venetoclax. Another approach that takes into 
account the biology of the disease is ongoing trials with mdm2 inhibitors in 
combination with other myeloma agents, in patients with del17p, utilizing the 
mdm2 inhibition to increase the activity of the remaining p53 locus. These excit-
ing findings, while still relatively preliminary, offer an avenue of clinical investi-
gation for the development of therapies specifically targeted to the underlying 
biology of each chromosomal abnormality.

 2. Mutations: Recent large-scale genomic evaluation of myeloma cells has shed 
light on the genetic complexity that underlies the entire spectrum of monoclonal 
gammopathies, with increasing heterogeneity accompanying disease progres-
sion [15–17]. While a large number of mutations have been described, including 
those that have been successfully targeted in other cancers, the most common 
mutations are still present in less than 5% pf patients. Two additional factors 
complicate the potential utility of these findings, the presence of multiple sub-
clones with different sets of mutations as well as the constant waxing and waning 
of the different clones under pressure of specific therapeutic agents [18]. The 
prognostic value of these mutations still remains poorly understood, with some 
recent studies suggesting poor outcome associated with mutations involving p53 
gene (often in conjunction with loss of one locus) and mutations involving the 
DNA repair genes [17]. The clinical relevance of these findings can be signifi-
cant. The significant clonal evolution that is seen in the myeloma makes strong 
supporting argument for the use of drug combinations that can potentially lead to 
more comprehensive clonal eradication, though the direct data demonstrating 
this is lacking. The use of a PI/IMiD combination has been shown to be superior 
to IMiD alone in terms of overall survival, suggesting that the above assumption 
may be true [19]. Another implication of these finding is the potential to use 
targeted agents in myeloma, directed by identification of specific targetable 
mutations. Single patient reports have suggested that targeted agents such as the 
B-Raf inhibitor vemurafenib may have single agent activity in patients with 
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B-RafV600E mutation in their myeloma cells. However, these responses tend to 
be relatively short lasting given the clonal evolution and consequent escape. 
Clinical trials are being designed to examine the utility of such a mutation-driven 
treatment selection approach. Past experience suggests that this approach is 
more likely to be successful when the targeted agents are combined with other 
standard-of-care therapies, but this needs to be confirmed.

 3. Other tumor-related factors: Several other tumor-related characteristics can be 
associated with poor outcome and can provide a window into the disease biology 
that can be targeted by specific approaches. High proliferative rate of plasma cells 
is often seen in conjunction with other poor prognostic factors and may warrant 
unique therapeutic approaches with specific classes of drugs [20–22]. Cell cycle-
specific agents such as cdk inhibitors may have a unique role to play for these 
patients, especially in combination with other effective drugs, and need to be 
explored in clinical trials. While the presence of circulating plasma cells can be 
demonstrated during all disease stages, patients with myeloma with a significant 
number of circulating plasma cells, even when not fulfilling the definition of 
plasma cell leukemia, have inferior outcomes [23–25]. The underlying biology 
that permits these plasma cells to leave the conducive marrow microenvironment 
remains unclear, through a role for adhesion molecules have been proposed. 
These patients represent another group where specific treatment approaches need 
to be explored. While soft tissue plasmacytomas can present as isolated finding, 
when seen in conjunction with active myeloma it identifies patients with poor 
outcome. Systematic imaging with PET/CT at the time of diagnosis can detect 
plasmacytomas in less than 10% of patients; they are seen more often late in the 
disease course in the setting of relapsed and refractory disease [26]. Combination 
therapy, including those with conventional chemotherapy agents, is often 
employed to treat these late-stage patients with variable results. Elevated serum 
LDH is usually seen in conjunction with other markers of aggressive disease 
including high proliferative rates and extramedullary disease, and multidrug com-
binations such as VDT-PACE have often been used in these settings to gain dis-
ease control [6, 27]. The underlying biological drivers of these aggressive 
phenotypes remain poorly understood and should be the focus of systematic 
investigations if we are to succeed in improving disease outcomes.

Host Factors
 1. Age: The median age at diagnosis of myeloma is 67–69 years in various series, 

and age continues to be a strong predictor of outcome despite the recent improve-
ments in survival [28]. In fact, it has become clear that the older patient popula-
tion may be deriving less benefit from the more recent improvements seen across 
myeloma [2]. Given no evidence to suggest that disease biology is significantly 
different in the older patient, the outcomes appear to be more related to the 
comorbidities and frailty that go with age and as described in more detail below. 
Age as a singular factor has been used for the longest time to make treatment 
decisions, and in fact many of the treatment algorithms often have this as the first 
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nodal point. The major reason for this approach has been the adoption of stem 
cell transplant in the initial management of myeloma. Many of the initial trials of 
stem cell transplant was limited to those below 65, though multiple non- 
randomized studies have shown that it is beneficial to the older patients as well. 
Adaptation of stem cell transplant to the older patients has involved either dose 
reduction of the conditioning chemotherapy or tandem transplant using half the 
dose of conditioning chemotherapy with each transplant. Instead of using chron-
ological age as an absolute marker, it is more appropriate to consider this in the 
context of the frailty and other comorbidities as discussed below.

 2. Frailty: Across all of cancers, there is increasing awareness of the relevance of 
patient frailty in determining the treatment strategy [29]. One of the best attempts 
at individualizing the treatment based on various measures of patient frailty has 
been put forth by the European investigators and has been widely adopted by the 
myeloma community. While complex measures of patient frailty such as the 
Charlson Comorbidity Index (CCI) allow better refinement of the patient status, 
simple assessments such as the Karnofsky Scale or the ECOG Performance 
Score can allow valuable stratification of patients that can be applied for treat-
ment selection. The typical approach so far has been to modify the medication 
doses based on the measures of frailty, but there are two important question 
going forward: (1) can we develop multidrug combinations of newer agents 
which can be used safely with appropriate dose modifications, and (2) given the 
number of newer drugs and drug classes, are there specific drugs that have a 
favorable toxicity profile for the older patients? The former question is particu-
larly relevant given the findings of better outcome with the combinations and the 
data regarding clonal evolution. In order to deliver multi-class drug combina-
tions, we have to explore development of oral drugs and drug-dosing schedules 
that will minimize toxicity and reduce the care provider burden by reducing 
office visits while retaining the efficacy. Recent entrants to the drug armamen-
tarium such as the monoclonal antibodies are well tolerated, and oral proteasome 
inhibitors will allow us to do exactly this.

 3. Comorbidities: Given the older patient population, it is not surprising that a sig-
nificant proportion of them will have serious comorbidities such as diabetes, 
hypertension, cardiac disease, as well as prior cancers among other illnesses. 
The impact of the myeloma medications on the control of these common disor-
ders as well as drug interactions, given the polypharmacy involved, should be 
taken into consideration while making treatment decisions. Specific toxicities of 
commonly used drugs also should be taken into consideration while making 
treatment decisions. In particular, corticosteroids, a common ingredient of the 
current myeloma regimens, can have a deleterious impact on the diabetes control 
as well as hypertension, in addition to the usual side effects that can be magnified 
in the older patient. Acceleration of bone loss in the older patient with preexist-
ing osteoporosis can significantly increase the risk of fractures. It is important to 
consider starting at lower doses in the older patients with careful monitoring and 
rapid dose reduction as required. Bortezomib can result in significant peripheral 
neuropathy and may worsen preexisting neuropathy related to diabetes. 
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Consideration should be given to the use of carfilzomib or ixazomib, both of 
which are associated with reduced risk of neuropathy. Cardiac toxicity can be 
seen with older drugs such as doxorubicin as well as newer drugs such as carfil-
zomib and can worsen preexisting cardiac failure, and careful evaluation prior to 
starting therapy and close monitoring during the treatment are very important. 
Adaptation of myeloma therapy to the elderly has been primarily empirical, and 
we certainly need well-controlled prospective trials to examine novel approaches 
for the older, frail patients.

Interaction of Host and Tumor
 1. ISS staging: While both tumor-related characteristics as well as host characteris-

tics are important factors in the disease management, the less predictable and 
less well-defined are the end results of the interaction between the host and the 
tumor that adds another dimension to the difficulty with individualizing treat-
ments for myeloma. The commonly used International Staging System is a good 
example of the complex interaction between the tumor and host and is made up 
of two variables, namely, serum beta-2 microglobulin and serum albumin [30]. 
Serum B2M is an indirect measure of the tumor burden but can be affected by 
renal failure which can be the result of the paraprotein causing cast nephropathy 
or worsening preexisting nephropathy. Similarly, serum albumin can be lowered 
as a host reaction to the stress of a chronic illness such as myeloma through vari-
ety of mechanisms that have been identified. Patients with higher ISS stage have 
inferior outcome, but it is unclear how current therapies can be adapted to over-
come the poor prognostic impact of this characteristic.

Implications of Response to Therapy
Characteristics of the disease at the time of presentation can provide guidance for 

selection of appropriate therapy, but the impact of the therapy employed can also 
be of great value in predicting subsequent disease course.

 1. Primary refractory disease: Lack of response to initial therapy has become an 
uncommon phenomenon in myeloma with the introduction of the newer thera-
pies, with less than 10% of patients failing to achieve at least a partial response 
to initial treatments, especially when drug combinations are used [31, 32]. 
Recent studies as well as studies prior to the introduction of the newer drugs 
had demonstrated a poor outcome for patients who fail the initial regimen 
employed. Newer drug combinations clearly reduce the proportion of these 
patients but, when observed, still predicts for very poor outcomes. 
Understanding the mechanism of primary refractoriness is critical to make 
gains in these patients. Prospective trials of primary refractory patients, espe-
cially those incorporating immune approaches, are clearly needed and will 
lead to improved outcomes.
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 2. Early relapse: Unlike the reduced incidence observed with primary refractory 
disease, over 20% of patients undergoing modern therapies relapse early, some-
times within a year, and the outcomes of these patients are very poor with overall 
survival of less than 2 years from the time of relapse [33–35]. These patients 
undergo multiple regimens with rapid development of resistance to all the cur-
rent drugs, eventually succumbing to the disease. This group of patients along 
with those with primary refractory disease should be the focus of prospective 
clinical trials of novel regimens incorporating drugs with new mechanisms of 
action. These studies should be coupled with carefully designed correlative stud-
ies aimed at understanding the biological underpinnings of this clinical behavior. 
This remains a big gap in our current understanding, and progress in this area is 
vital to maintain the continued improvement of myeloma survival.

 3. Depth of response and MRD status: Adapting treatment based on the observed 
response has not been a major focus a decade ago where a limited armamentar-
ium of drugs and most treatment approaches prescribed a limited duration of 
therapy followed by observation. Recent improvements in measurement of the 
depth of response (aka residual tumor burden), deeper responses with the newer 
regimens, increasing adoption of the concept of continued response, increasing 
drug options, and the rising cost of the new drugs all have brought the concept of 
response-adapted therapy into the limelight. Recent efforts at developing con-
sensus criteria for defining MRD status in MM have also propelled this area to 
the forefront of current investigations [36]. Studies, so far, including meta- 
analysis of prospective trials, clearly show improved overall survival among 
patients achieving an MRD negative status with various therapies, clearly dem-
onstrating its role as a surrogate endpoint for assessment of therapeutic efficacy 
[37, 38]. However, the clinical utility of this marker remains to be validated in 
prospective clinical trials. The opportunities for potential clinical applications 
are many. The most important areas for MRD application include decisions on 
changing therapy for lack of MRD negativity and limiting duration of therapy 
based on MRD status. The former is particularly relevant in the context of high- 
risk MM, where failure to achieve MRD negativity appears to be a harbinger of 
early relapse. The ability to stop therapy based on MRD assessment also has 
implications on the overall cost of myeloma therapy as well as the potential long- 
term toxicity of the currently used drugs. Another important aspect of future 
investigation will be the development of less invasive and more sensitive tech-
niques of residual disease assessment such as those based on circulating cell-free 
DNA and or circulating cells.

9.2.1  Challenges to Individualizing Therapy in MM

Individualized or personalized medicine is clearly the buzz word for the twenty-first 
century, and may mean different things to different people. The ability to customize 
therapy to provide the maximum duration of disease control with the least toxicity, 
based on factors that drive disease heterogeneity, remains the bedrock of this 
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concept. By definition it is dynamic, as customization to successfully account for 
certain disease characteristics will make those features less relevant and will lead to 
identification of other disease characteristics which then will account for disease 
heterogeneity (Fig. 9.2). This in turn will require further customization based on 
studies into disease biology and prospective treatment trials. Rather than consider-
ing this negatively, it should be the incentive for continued work aimed at improving 
the disease outcomes, which at some point will translate to a cure for this disease.
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