
Introduction
Immediately before the 2009 annual meeting of the American 

Society of Clinical Oncology (ASCO), a group of multiple 
myeloma (MM) key opinion leaders (KOLs) gathered to discuss the 

current status of myeloma therapy, define areas of controversy, and 
identify gaps in knowledge among community oncologists. This 
article highlights the key issues discussed by the participants* and 
does not attempt to provide an exhaustive review of the literature.

Monoclonal Gammopathy of 
Undetermined Significance/
Smoldering Myeloma/Solitary 
Plasmacytoma: Where Are We 
Moving in 2009?
Monoclonal Gammopathy of Undetermined Significance 

The premalignant condition of monoclonal gammopathy of 
undetermined significance (MGUS) is diagnosed in asymptomatic 
patients, and accordingly, most remain undiagnosed for considerable 
periods of time (Table 1).1-3 At the Mayo Clinic, the median dura-
tion of MGUS before its recognition is 11 years, and some 28% of 
those patients diagnosed at age 70 have had MGUS for ≥ 20 years. 
Prevalence is higher in men versus women (approximately 30%) and 
increases with age (≥ 50 years, 3.2%; ≥ 85 years, 8.9%).1,3,4 

The implication of MGUS diagnosis is a life-long higher risk 
of progression to MM or other plasma cell disorders (Table 2).5 It 
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It is now recognized that all cases of multiple myeloma (MM) are preceded by the premalignant condition of monoclonal 
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is most important to recognize that virtually all cases of MM are 
preceded by MGUS: cumulative probability for progression ranges 
from 10% to 17% at 10 years and 25% to 34% at 20 years.6,7 

However, other competing factors for death such as heart attacks, 
stroke, and non–plasma cell malignancy also increase with age such 
that the risk for development of MM is modest. On a caution-
ary note, careful interpretation of elevated M-protein is required 
because transient elevations can be associated with normal humoral 
immunity, and polyclonal gammopathies could be observed follow-
ing viral infection. 

The conventional approach to the management of MGUS is to 
watch and wait. However, patients with MGUS can often pres-
ent with other disease manifestations, including clinical periph-
eral neuropathy (PN), associated skin conditions, or amyloidosis.8 
Correct diagnostic classification is crucial in these cases to ensure 
that patients qualify for appropriate therapy. Screening for osteo-
sclerotic lesions is necessary to exclude POEMS (polyneuropathy, 
organomegaly, endocrinopathy, monoclonal gammopathy, and skin 
defects) syndrome, and examination of bone marrow and subcu-
taneous fat aspirates for amyloid will identify 90% of systemic AL 
amyloidosis (light-chain amyloidosis) cases, a condition that confers 
poor prognosis.9 Standard approaches to treating sensorimotor 
PN associated with these conditions have yielded limited success, 
although a number of new agents are currently under evaluation.10 
For patients with MGUS and a diagnosis of chronic inflammatory 
demyelinating polyneuropathy, intervention might not be necessary 
in the absence of progressive neuropathy. Of note, progressive demy-
elination is a complication associated with immunoglobulin (Ig)M 
MGUS.10 Increased risk for a number of other morbidities, includ-

ing osteopenia/osteoporosis, bone fractures, and thromboembolic 
complications, is associated with MGUS.1 To preserve quality of life 
(QOL), further research is needed to determine whether the level or 
type of M-protein predicts for progression to these events. 

There is a need to closely follow patients with high-risk MGUS 
so that diagnosis of MM or development of MGUS-related symp-
toms can be recognized in a timely manner. High-risk MGUS 
is associated with an abnormal serum free light-chain (sFLC) 
ratio, non-IgG type, and elevated serum M-protein ≥ 1.5 g/dL 
(Table 3).11 In community clinics where accessibility to sFLC mea-
surement might be limited, the levels of M-component and serum 
albumin can serve as independent predictors of progression of non-
IgG MGUS.12 Currently, the lack of curative treatment and the fact 
that most patients with MGUS do not experience progression to 
myeloma precludes early treatment with currently available agents. 

A lower incidence of t(4;14) and deletion of chromosome 
(del[13]) cytogenetic abnormalities that confer high risk have 
been noted in MGUS compared to MM.13,14 However, definitive 
correlation between any particular chromosomal abnormality and 
the evolution of MM has yet to be discerned and likely involves 
additional and subsequent events. Moreover, because the majority 
of patients with MM have standard-risk cytogenetics, transition to 
high-risk chromosomal abnormalities alone cannot be the deter-
mining factor for progression. Most recently, global mapping of 
single-nucleotide polymorphisms has identified candidate genes 
implicated in this process,15 and monosomy 18 has been identified 
as a possible predictive factor.16

There is currently a lack of consensus regarding the role, timing, 
and benefit of performing testing other than the routine procedures 
carried out at diagnosis and follow-up.1 In MGUS, some physicians 
delay bone marrow analysis and metastatic bone survey, only pro-
ceeding when M-protein levels reach 1.5-2 g/dL. In contrast, other 
physicians routinely perform these tests at diagnosis for all patients. 
However, because mature B-cell lymphoma can be associated 
with MGUS, it is prudent to determine the cellular source of the 
M-protein before ordering bone marrow analysis. The other extreme 
is not to further work up or follow patients with a small M-protein 
component in the absence of other risks factors or symptoms, signs, 
or laboratory findings suggestive of a more serious B-cell disorder. 
The application of these tests to MGUS remains questionable 

aLow level of M-protein may be present.
Abbreviation: CRAB = hypercalcemia, renal insufficiency, anemia, or bone lesions

Disorder M-Protein

< 3 g/dL

≥ 3 g/dL

   0a

Bone Marrow
Plasma Cells

< 10%

≥ 10%

Solitary lytic
bone lesion

CRAB/
End-Organ

Damage

None evident

None evident

None evident

Monoclonal Gammopathy
of Undetermined 
Significance

Smoldering Multiple
Myeloma

Solitary Plasmacytoma

Plasma Cell DisordersTable 1

(and)

(and/or)

Abbreviation: MGUS = monoclonal gammopathy of undetermined significance

MGUS → Risk Ratio (95% CI)

32.6 (18.1-58.7)

96.2 (11.0-836.5)

28 (11.4-68.7)

P Value

P < .001

P < .001

P < .001

 Multiple Myeloma

 Macroglobulinemia

 Plasma Cell
 Proliferative Disorder

Association of Monoclonal Gammopathy of
Undetermined Significance With Development
of Plasma Cell Disorders: A Geographically
Defined US Population-Based Study (N = 605)

Table 2

aRisk factors: M-protein ≥ 1.5 g/dL; abnormal serum free light-chain ratio (< 0.26 or > 1.65); 
M-component (IgA and/or IgM). 

Risk
Factorsa

Number
of Patients

449

420

426

53

Relative
Risk Ratio

1

5.4

10.1

20.8

Absolute
Risk, %

5

21

37

58

Adjusted
Risk, %

Progression at 20 Years

2

10

18

27

 None

1 

2

3

Prognostic Factors Associated With High-Risk
Monoclonal Gammopathy of Undetermined
Significance

Table 3



because, regardless of results, the current management approach 
would not change. On a related note, considerable variance in bone 
marrow biopsy data between institutional core laboratories and those 
in the community has been observed, making it difficult to accurate-
ly diagnose MGUS or asymptomatic MM in the clinic. Indeed, the 
bone marrow milieu is not homogeneous, and serial sampling would 
be expected to yield somewhat different results. One should always 
diagnose based on the sample that yields the highest proportion of 
plasma cells, and it might be preferable to perform a bone biopsy in 
addition to needle aspiration to more accurately determine the per-
centage of plasma cells. Other suggested tests included assessment of 
creatinine levels to circumvent development of renal complications 
and 24-hour urine protein analysis to check for light-chain–only 
MGUS; these patients will ultimately develop light-chain–only MM 
and are rarely recognized in the clinic.3 

Diagnosis of MGUS can be associated with osteopenia or osteo-
porosis with increased risk for bone fractures, including vertebral 
compression fractures (VCFs)1; these patients might need treatment 
for the underlying osteopenia or osteoporosis. Bisphosphonates 
have significantly improved bone mineral density among patients 
with MGUS with osteopenia or osteoporosis.17,18 Although these 
drugs have decreased skeletal complications for patients with breast 
cancer with bone metastases and patients with myeloma with lytic 
disease,17,19-22 similar data on the impact of these drugs on actual 
skeletal events is lacking in MGUS. Long-term preventative care 
cost issues need to be weighed against the costs of management of 
fractures and impact of these events on patient QOL. Similarly, 
although M-protein levels should be assessed among patients with 
osteopenia or osteoporosis without other obvious risk factors (eg, 
premenopausal women), it is unclear whether patients with MGUS 
should be routinely assessed for osteoporosis/osteopenia; this could 
be feasibly addressed by a prospective cooperative group trial.

Smoldering Multiple Myeloma
Patients with smoldering MM (SMM) have substantial risk for 

progression to MM (relative risk [RR], 522) and primary amyloi-
dosis (RR, 50).23 A study from the Mayo Clinic reported a median 
time to progression (TTP) to symptomatic disease requiring 
therapy of 5 years (Table 4).23 For all patients, the greatest risk of 
progression occurs in the first 5 years after diagnosis. Although the 

risk in subsequent years diminishes, it is still significant, and most 
patients eventually develop symptomatic myeloma. Patients with 
SMM can be risk stratified based on serum M-protein levels and the 
percentage of bone marrow plasma cells (BMPCs). In the highest-
risk groups with BMPCs of ≥ 10%, detection of an abnormal sFLC 
ratio increases the RR of progression to symptomatic MM 2-fold 
(serum M-protein ≥ 3 g/dL: RR, 2.06; < 3 g/dL: RR, 1.72). 

An individualized approach to the management of SMM is pre-
ferred based on differential prognosis and TTP for discrete clinical 
subsets as well as patient compliance for follow-up. As a practical 
approach, the doubling time of the M component should be fac-
tored into the physician’s decision-making process. However, there 
is currently no evidence that supports early intervention. In patients 
with high-risk features despite absence of CRAB (hypercalcemia, 
renal insufficiency, anemia, or bone lesions), it can be hypothesized 
that early treatment might delay development of late-stage poor-
prognostic genetic abnormalities, such as the p53 mutation, that 
evolve over time.24 A number of ongoing clinical trials are evaluat-
ing targeted agents in this setting, and emerging early phase III data 
with lenalidomide/dexamethasone are promising.25 However, the 
economics and safety of long-term treatment in this patient popu-
lation will need to be considered when making future decisions 
regarding timing of initial therapy in high-risk SMM. 

Solitary Plasmacytoma 
Although inconsistent with current classification, M protein can 

be detected in approximately 50% of patients with solitary plas-
macytoma of the bone.26 To avoid understaging, patients should 
undergo magnetic resonance imaging (MRI) to determine whether 
there are additional sites of skeletal involvement,27 but whether 
these results truly change the outcome for patients has not been 
demonstrated in any large studies. Although there is insufficient 
information to formalize a role for positron emission tomog-
raphy (PET)/computed tomography (CT), this modality has 
been reported to detect additional bone disease beyond that seen 
with MRI.27 Furthermore, PET/CT facilitates the detection of 
unsuspected sites of extramedullary plasmacytoma. Unfortunately, 
a diagnostic trial evaluating MRI and whole-body fluorine-18 
fluorodeoxyglucose PET as a supplement to imaging with skeletal 
survey to determine how many patients with solitary plasmacyto-
mas were misdiagnosed was closed because of lack of enrollment.28 
Because patients with solitary plasmacytoma comprise a small sub-
set and might go underdiagnosed, additional screening with these 
radiologic tests to look for MM could be worthwhile. 

Abbreviation: BMPC = bone marrow plasma cells 

Clinical
Characteristics

≥ 3 g/dL

≥ 10%

< 3 g/dL

≥ 10%

≥ 3 g/dL

< 10%

–

Median,
Months

27

93

228

58

Percent,
15 Years

87

70

39

73

Time to Progression

Serum M-Protein

BMPCs

Serum M-Protein

BMPCs

Serum M-Protein

BMPCs

–

Smoldering Multiple Myeloma: Risk GroupsTable 4

Group 1 
(n = 106)

Group 2
(n = 143)

Group 3
(n = 27)

Total (N = 276)

Prognostic
Group

aAt 1-2 years following diagnosis.
Abbreviation: sFLC = serum free light-chain 

Number of
Patients

sFLC Ratio Abnormal
at Diagnosis

No

No

Yes

Yes

M-Protein,
≥ 0.5 g/dLa

Normal

Abnormal

Normal

Abnormal

5-Year
Progression, %

13

26

62

31

26

18

Solitary Plasmacytoma of the Bone: Risk GroupsTable 5
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Methods to determine the overall risk and factors that predict 
development of MM among patients with solitary plasmacytoma 
of the bone have been published. In a cohort of 116 patients with 
solitary plasmacytoma, 37% progressed to MM, with a median 
TTP of 1.8 years.29 Risk groups for progression could be delineated 
based on abnormal sFLC ratio at diagnosis and M-protein levels 
of ≥ 0.5 g/dL at 1-2 years (Table 5). Patients at highest risk for 
progression exhibited both abnormal features. Radiation therapy 
can achieve local control of both solitary bone plasmacytoma and 
solitary extramedullary plasmacytoma, although progression to 
myeloma is considerably more frequent in patients with bone 
disease.30 For solitary bone plasmacytoma with a low proportion 
of plasma cells in the bone marrow, treatment with irradiation and 
subsequent observation is sufficient; however, patients with a higher 
level of plasmacytosis need to be monitored more closely.3

Treatment Options for Previously 
Untreated Myeloma 

With the advent of novel targeted agents, improved survival out-
comes have been realized by the majority of patients with MM.31 

The immunomodulatory agents thalidomide and lenalidomide and 
the proteasome inhibitor bortezomib are now routine components 
of first-line therapy.24,32 For transplantation-ineligible patients, 
melphalan/prednisone plus thalidomide, or plus bortezomib, has 
prolonged overall survival (OS) and/or progression-free survival 
(PFS) in randomized trials. For younger patients, an array of tar-
geted agent combinations have yielded high overall response rates 
and complete response (CR) rates as induction therapy before 
autologous stem cell transplantation (ASCT), although increased 
follow-up is required to determine OS benefit.

Three drug combinations (VTD [bortezomib/thalidomide/
dexamethasone], VCD [bortezomib/cyclophosphamide/dexa-
methasone], VRD [bortezomib/lenalidomide/dexamethasone]) are 
superior to 2-drug combinations (TD [thalidomide/dexametha-
sone], VD [bortezomib/dexamethasone], RD [lenalidomide/dexa-
methasone]). For patients proceeding to ASCT, it is important to 
bear in mind that prolonged lenalidomide can negatively affect 
stem cell collection, and this might possibly hinder the success of 
ASCT if stem cells are not harvested early.33,34 However, plerixafor 
and cyclophosphamide chemomobilization can provide alternative 

mobilization strategies for these patients. Emerging preclinical data 
show that lenalidomide (and pomalidomide) are, in fact, not toxic 
to stem cells but rather, they effect reversible changes in transcrip-
tional status with differential impact on discrete clonal popula-
tions: myeloid clones are stimulated while granulocyte populations 
are suppressed.33

Considerable crossover on clinical trials often complicates analy-
sis of OS.35 As a result, PFS has become a more feasible endpoint, 
though it might not be an accurate surrogate for a true survival 
benefit. Many studies use CR as a surrogate for OS, but its trans-
lation into prolonged OS can vary (Table 6).32,36-39 Underlying 
reasons for different outcomes are multifactorial and include a bal-
ance between toxicity and efficacy of different regimens in addition 
to patient risk.35 Because novel therapies and combinations thereof 
continue to yield increasingly higher CR rates, other posttreat-
ment prognostic factors require consideration, including durabil-
ity of CR and attainment of minimal residual disease (MRD).32 
Recent data have shown that patients with MRD-negative versus 
MRD-positive status at day 100 after ASCT have superior PFS 
and OS; remarkably, MRD-negative/immunofixation (IF)-positive 
MM was associated with prolonged PFS compared with MRD-
positive/IF-negative MM.40 Despite these new developments, it is 
unclear whether a primary goal of CR can be effectively translated 
to, or is indeed practical at, the bedside. Accordingly, the goals for 
first-line treatment in the clinic can be confounding.

Diverging management approaches were revealed when attend-
ing KOLs were probed for their primary treatment goals (CR, TTP, 
OS) in newly diagnosed MM, and differing opinions on criteria 
dictating change of therapy were uncovered (Table 7). Although 
prolonged OS was the ultimate goal for all patients, QOL and 
prevention of end-organ damage were particularly sought in elderly 
patients. There was disagreement on the use of CR as a surrogate 
for improved OS; CR might be prognostic only in high-risk MM.41 
For transplantation-eligible MM, there was a lack of consensus 
regarding the optimal number of induction cycles and the necessity 
to change induction therapy based on suboptimal response. In sup-
port of limited cycles, high-dose melphalan/ASCT yields efficacy 
independent of response to induction and also benefits patients 
with progressive disease.42-44 However, because many targeted 
agents induce incremental increases in response over a number 

aResponse to induction; 2-year median follow-up on PFS and OS data. 
bResponse in 4 cycles; median follow-up, 35.8 months.
cMedian follow-up, 38.1 months.
dInternational Uniform Response Criteria.
Abbreviations: CR = complete response; MP = melphalan/prednisone; MPT = melphalan/prednisone/thalidomide; ORR = overall response rate; OS = overall survival; PFS = progression-free 
survival; RD = lenalidomide/high-dose dexamethasone; Rd = lenalidomide/low-dose dexamethasone; TTP = time to progression; VAD = vincristine/doxorubicin/dexamethasone; 
VD = bortezomib/dexamethasone; VGPR = very good partial response; VMP = bortezomib/melphalan/prednisone

Outcome Measure VD vs. VADa

82 vs. 65

39 vs. 16

2-year rate: 69% vs. 60%
P = .0115

2-year rate: 90% vs. 88%

RD vs. Rdb

79 vs. 68

42 vs. 24

19.1 vs. 25.3 months (PFS)
P = .026

3-year rate: 75%, both arms

MPT vs. MPc

68.9 vs. 47.6

29.3 vs. 11

21.8 vs. 14.5 months (PFS)
P = .004

45 vs. 47.6 months
P = .79

VMP vs. MPd

71 vs. 35

CR: 33 vs. 4

24 vs. 16.6 months (TTP)
P < .000001

3-year rate: 72% vs. 59%
P = .0032

ORR, %

≥ VGPR, %

Median PFS/TTP

OS 

Response and Survival Outcomes: Selected Phase III Data Table 6



of cycles, it might be preferable to prolong treatment until best 
response. Several KOLs explored all avenues to attain CR before 
ASCT, including change of therapy. 

Patients with suboptimal response to ASCT may receive consoli-
dation/maintenance therapy or a second transplantation, although 
this latter approach is associated with increased treatment-related 
mortality (TRM).35,45 Furthermore, an OS advantage with tan-
dem versus single transplantation has been variably reported 
despite superior CR rates and event-free survival.46 This could be 
accounted for in large part by effective salvage with novel agents 
in the single-transplantation arms.47 Attainment of ≥ very good 
partial response (VGPR) to induction/single ASCT in the IFM 
2005-01 trial evaluating bortezomib/dexamethasone versus stan-
dard vincristine/doxorubicin/dexamethasone (VAD) has reduced 
the need for a second transplantation and has significantly pro-
longed PFS.48 A 3-armed prospective trial will evaluate single 
transplantation versus single transplantation plus consolidation 
with novel agents versus tandem transplantation to determine the 
most beneficial approach.47 

For transplantation-ineligible MM, there is less eagerness to 
change therapy if ≥ PR has been reached, and preservation of 
QOL takes on greater significance. Importantly, treatment choices 
should be based on phase III data. Risk-adapted goals may also be 
applied in this setting, and stable disease (SD) could be a laudable 
goal for elderly patients without aggressive disease in the clinic. 
Chasing depth of response, including CR, for elderly patients can 
prove problematic.35 In a phase III study by Ludwig et al, although 
response rates were higher among elderly patients receiving thalido-
mide/dexamethasone versus standard oral melphalan/prednisone, 
OS was inferior because of higher TRM in the thalidomide-treated 
group.49 However, it should also be noted that in this study mel-
phalan/prednisone yielded remarkable survival outcomes compared 
with other recent trials using melphalan/prednisone as a control 
arm50; this likely reflects the availability of newer agents in the sal-
vage setting. In another phase III trial evaluating melphalan/predni-
sone/thalidomide versus melphalan/prednisone, salvage of patients 
with < PR led to inferior outcomes.51 Nonetheless, a subset analysis 
of the VISTA (Velcade as Initial Standard Therapy) study reported 
that superior depth of response is associated with prolonged TTP 
in transplantation-ineligible patients.37 

Approaches to reach best response vary. The aggressive total-ther-
apy regimens that combine a multitude of conventional and targeted 
agents in a schedule of induction, transplantation, and maintenance 

have yielded provocative OS data.52,53 In support of this approach, 
it is generally observed that the first remission is usually the longest; 
thus, maximizing response to initial therapy could be predicted to be 
the most beneficial strategy. However, combination of the currently 
available novel agents has been shown to yield CR and VGPR rates 
comparable with those attained with total-therapy regimens.35

For younger patients, the role of ASCT is being readdressed 
because prolonged responses have been reached in clinical trials by 
the application of synergistic combinations, 3- and 4-drug multia-
gent regimens, prolonged induction, and/or first-line therapy plus 
maintenance.24 A number of clinical trials are evaluating newer 
combinations of immunomodulatory agents and/or bortezomib 
with or without transplantation in order to help resolve whether 
ASCT should remain the default position.54,55 These studies build 
upon the landmark analysis of the E4A03 trial, which reported 
that patients choosing to continue primary therapy had similar OS 
to the intent-to-treat population scheduled for ASCT (Table 8).38 
However, it should be stressed that patients were not randomized 
to receive ASCT or prolonged primary therapy in the E4A03 trial; 
thus, until prospective trial data are available, ASCT should be 
viewed as a therapeutic modality associated with durable responses, 
a low mortality rate, and cost-effectiveness compared with targeted 
agents. Furthermore, current limited experience with 4-drug com-
binations shows that all patients eventually relapse; thus, ASCT 
remains another approach to consolidate responses. 

Risk Stratification 
Cytogenetic abnormalities associated with high-risk MM have 

been clearly defined, although these data have been derived in the 
most part from studies conducted before the widespread use of 
immunomodulators and bortezomib.24 However, despite this era 
of multitargeted agent combinations, transplantation/consolida-
tion, and maintenance approaches, patients with high-risk MM 
inevitably experience relapse, and optimal management of this 
patient subset remains unknown. Bortezomib-based regimens have 
yielded favorable ≥ VGPR rates for patients with MM and high-risk 
cytogenetics (Table 9),36,48 and similar TTP and OS for high-risk 
compared with standard-risk MM (Table 10).53,56 Although this 
evidence suggests use of bortezomib over lenalidomide- or thalid-
omide-based regimens among patients with high-risk cytogenetics, 
conclusions have primarily been drawn from small patient num-
bers. A recent report on MM treated with first-line lenalidomide/
dexamethasone showed that patients with high-risk versus low-risk 

a3-year overall survival rate in intent-to-treat population, 75%.
Abbreviations: RD = lenalidomide/high-dose dexamethasone; Rd = lenalidomide/low-dose 
dexamethasone

Treatment Group RD

n = 104

92% (n = 50)

55% (n = 54)

79% (n = 108)

Rd

n = 79

92% (n = 40)

55% (n = 39)

79% (n = 140)

Primary Therapy, 4 Cycles

 Transplantation

 No transplantation

Primary Therapy, > 4 Cycles 

Landmark Analysis of the Phase III E4A03 Trial:
3-Year Survivala

Table 8

Abbreviations: ASCT = autologous stem cell transplantation; CR = complete response; 
OS = overall survival; PR = partial response; VGPR = very good partial response

Should patients proceeding to ASCT receive a standard 4 cycles of
induction therapy or be treated to maximum response?

Should therapy be changed if ≤ PR or ≤ VGPR in younger patients?

Use of CR as a surrogate for OS

Separation of patients with higher-risk cytogenetics up front for clinical trials

Different goals of therapy according to age and transplantation eligibility

Benefits of maintenance therapy in different patient subsets

1

2

3

4

5

6

Areas of Discord in Newly Diagnosed MyelomaTable 7
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disease attained similar ≥ VGPR rates, but TTP was significantly 
inferior in those with high-risk MM.57 Conflicting data have been 
reported with this doublet in relapsed/refractory MM: although a 
French study reports an inferior overall response rate, PFS, and OS 
in patients with del(13q) and t(4;14) compared with patients with-
out these abnormalities, the Canadian MM-016 study found only 
patients with del(17p) to have significantly poorer outcomes.58,59 
This highlights the need to study high-risk MM more systemati-
cally in prospective trials.60

Low-risk MM is characterized by hyperdiploid features and 
t(11;14). One strategy to treat patients with low-risk MM involves 
the application of an immunomodulatory agent or bortezomib 
with steroids to avoid overtreatment, with reservation of more 
aggressive 3- or 4-drug combination regimens for salvage treat-
ment. Any patients with high-risk MM would be expected to 
experience relapse early, and sequencing of targeted therapies could 
then be applied; however, early mortality might affect the ability to 
sequence. Another strategy involves up-front application of 3- and 
4-drug combinations in order to treat disease when it is most sensi-
tive to therapy and avoid undertreatment of patients with high-risk 
disease. Ultimately, it is not known which approach is most benefi-
cial. However, among patients with more aggressive disease associ-
ated with plasma cells in the blood, significant renal impairment, 
or marked cytopenias felt to be due to myeloma, a rapid response 
is important to achieve, which is more likely to occur with more 
drugs combined together.

First-line Multiple Myeloma With Comorbid Disease
Renal Impairment. With regard to myeloma kidney, a bortezo-

mib/thalidomide/dexamethasone–based regimen is the current 
therapy of choice in order to attain rapid tumor cytoreduction, 
which is important to prevent patients from developing irreversible 
kidney damage.61 The schedule and dose of lenalidomide needs 
further optimization for patients with renal impairment.62 Patients 
need to be grouped according to dialysis dependency, and the role 
of plasmapheresis needs to be further defined. Although phase III 
data support no role for plasmapheresis,63 it could prove beneficial 
as adjunct therapy in biopsy-proven myeloma cast nephropathy.64 

A current study is evaluating high cutoff filters in newly diagnosed 
MM and acute kidney failure to define their efficacy in achieving 
rapid reduction of sFLC load.65 

Cardiac Disease. Infrequently, patients receiving lenalidomide or 
thalidomide have been observed to develop unexplained ischemia 
or atrial fibulation.38,66 Full anticoagulation prophylaxis should 
be instituted in at-risk patients according to guidelines.67 Caution 
is required when using dexamethasone in these patients because 
of fluid retention and its possible role in flash pulmonary edema. 
Prolonged use of doxorubicin and its newer pegylated liposomal 
formulation could also be associated with the development of con-
gestive heart failure.24 As a result, all patients receiving these drugs 
should have a baseline assessment of ejection fraction (EF), and 
patients showing a reduced EF should not be given these drugs. 
Cyclophosphamide might also be associated with cardiac toxicity 
when administered at high doses.

Neuropathy. Patients with MM can present with baseline PN, 
and both thalidomide and bortezomib—and to a lesser extent, 
lenalidomide—are associated with treatment-emergent PN.24 This 
side effect is rarely observed with lenalidomide.68 Unlike thalido-
mide, symptoms are reversible in the majority of patients who expe-
rience PN after treatment with bortezomib.69 Moreover, weekly 
administration of bortezomib rather than the standard twice-weekly 
schedule has reduced the occurrence/severity of PN in several 
ongoing trials in first-line treatment.70,71 The CREST (Clinical 
Response and Efficacy Study of Bortezomib in the Treatment of 
Relapsing Multiple Myeloma) trial also showed that a reduction 
in the dose from 1.3 mg/m2 to 1 mg/m2 was associated with a 
reduced risk of PN.72 Thalidomide-associated PN is most often 
irreversible.68 It is both dose- and duration-dependent. Therefore, 
close monitoring of patients for emergence of neuropathy is required 
to ensure timely modification of dose and/or treatment discon-
tinuation before neuropathy worsens.73 Early studies report that the 
novel proteasome inhibitor carfilzomib might be associated with 
less neurotoxicity,74 but larger studies will have to be completed 
to assess both its efficacy and overall safety. Finally, modification 
of prophylactic strategies might also be required in these patients, 
such as avoidance of voriconazole, an antifungal agent that could be 
associated with neuropathy. 

Other Comorbidities. Obesity is important to consider in relation 
to the incidence of deep vein thrombosis (DVT).75 Indeed, recom-
mendations from an international panel on optimal thrombopro-
phylaxis include obesity as a risk factor contributing to change 
of prophylactic agent.67 For MM with cytopenia, lenalidomide, 
bortezomib, or thalidomide remain possible options. 

Abbreviations: TD = thalidomide/dexamethasone; VAD = vincristine/doxorubicin/dexamethasone; 
VD = bortezomib/dexamethasone; VGPR = very good partial response; VTD = bortezomib/ 
thalidomide/dexamethasone

High-Risk
Cytogenetic

Factor VD

≥ VGPR Response Rate

n = 103
47%

n = 40
40%

VAD

n = 101
15%

n = 29
17%

VTD

n = 47
73%

n = 19
81%

n = 7
73%

TD

n = 46
25%

n = 20
25.5%

n = 8
6%

P Value

< .0001

.04

P Value

< .001

< .001

< .001

Del(13q) 

t(4;14)

Del(17p)

Impact of Bortezomib on Post-Induction ≥ Very Good
Partial Response Rates in High-Risk Multiple Myeloma 

Table 9

Abbreviations: HR = hazard ratio; OS = overall survival; TTP = time to progression

Outcome Measure Standard-Risk
(n = 142)

23.1 months

Not reached

High-Risk
(n = 26)

19.8 months

Not reached

HR, 1.297 (95% CI, 0.55-3.06; P = .55)

HR, 1.104 (95% CI, 0.444-2.743; P = .8311)

TTP

OS

Impact of Bortezomib/Melphalan/Prednisone on
Outcomes in High-Risk Multiple Myeloma 

Table 10



Maintenance
Maintenance therapy can be used to prolong the duration and 

improve the quality of response.24 Definitions for prolonged 
primary therapy and maintenance therapy are unclear, and it can 
be difficult to determine when maintenance actually begins. For 
example, should it be defined when induction therapy continues 
beyond a standard number of cycles or upon dose reduction and/
or discontinuation of certain components of a multiagent regimen? 

A randomized phase III study has shown that prednisone 50 mg 
administered every other day is effective as maintenance therapy 
among patients whose disease is responding to a VAD-like regi-
men as initial therapy.76 For transplantation-ineligible MM, 1 
year of induction therapy with bortezomib/melphalan/predni-
sone appears to be appropriate, although a rapid response to 
bortezomib should allow progressive dose reduction over the 
course of therapy. In this study group’s experience, lenalidomide/
dexamethasone is generally given indefinitely until disease pro-
gression based on single-institution studies77 as well as on the 
E4A03 trial.38 Whether there is a need to continuously expose the 
myeloma clone to lenalidomide in order to maintain suppression, 
even in the presence of CR, is unknown. The IFM 07-01 trial 
will answer the question of whether patients should get a fixed 
or indefinite number of cycles of lenalidomide.78 Nevertheless, 
regardless of the clinician’s choice, the patient ultimately dictates 
how long and at what doses first-line therapy is administered 
based on whether the therapy remains effective, is tolerable, 
and is affordable. On a cautionary note, there is potential for 
the development of long-term toxicities with prolonged novel-
agent therapy, although use of novel combinations that allow for 
reduced dosing based on synergy could prove to be more feasible 
in the future. 

The benefit of maintenance after high-dose therapy/ASCT 
in patients reaching CR, VGPR, or an MGUS-like disease state 
was discussed at the roundtable.35,79 Although outcomes in 
trials evaluating thalidomide maintenance have shown improve-
ment in OS, its precise use after transplantation is still under 
investigation. Most recently, a significant OS advantage with 1 
year of thalidomide/prednisolone consolidation has been seen in 
patients attaining < VGPR to transplantation, with a trend toward 
improved OS in those achieving ≥ VGPR.80 This attests to the 
notion that consolidation/maintenance might be most beneficial 
for patients achieving less than an optimal response and that 
synergistic therapies might be more beneficial than monotherapy 
treatment.81 However, this latter trial was not a crossover design, 
and many patients randomized to only the steroid never received 
thalidomide, so it is impossible to know whether these patients’ 
outcomes would have been similar to those in the group who 
received the immunomodulator if they were given thalidomide 
at the time of progression. Phase II data show that consolida-
tion with lenalidomide/prednisone and maintenance lenalido-
mide after reduced-intensity ASCT provides considerable benefit 
among patients with VGPR.82 However, in the absence of more 
data, it is unclear whether maintenance therapy should be for 
a finite length of time. It is also unclear whether maintenance 
should be restricted to patients not having ≥ VGPR and patients 
at high risk for early relapse.

Relapsed/Refractory Disease: 
Where Are We in 2009?

The 3 key agents used in first-line MM, namely bortezomib, 
lenalidomide, and thalidomide, are also therapies of choice in 
relapsed/refractory MM (Table 11).73,83-85 Treatment choice is 
dependent on response and tolerability of previous therapy, comor-
bid status, and preferred mode of administration, among other 
factors. The timing of intervention in relapsed/refractory MM can 
vary, and precise values of serum/urinary M-protein or sFLC that 
dictate initiation of therapy in this setting have not been clearly 
defined. It is advisable to observe patients whose disease relapses 
solely on criteria of immunofixation positivity with a low (0.5 g/dL) 
M-protein spike or patients slowly emerging from plateau phase 
unless other signs, symptoms, or laboratory findings suggest inter-
vention. Intervention is indicated for patients with more rapid 
progressive M-protein increments or obvious symptoms or signs of 
relapse, such as worsening renal function or cytopenias. Whether 
the doubling time of the M-protein might serve as a predictor of 
progression is unknown. Disease history needs to be considered 
in order to ensure prompt treatment for patients with previously 
aggressive MM. Moreover, although patients with high-risk MM 
might comprise only a small subset of the MM population, cytoge-
netic abnormalities evolve over time, and risk increases with disease 
duration and at each relapse. Patients who experience relapse after an 
extended remission might do so in a focal manner, and radiographic 
imaging will help determine the potential existence of a solitary 
site amenable to therapy.27 For patients in biochemical relapse, a 
metastatic bone survey is sufficient. However, if specific sites of bone 
involvement are suspected, other imaging modalities are indicated. 
Neurologic relapse can be subtle, and the clinician needs to be sensi-
tive to lower-extremity weakness or paresthesias, which could be due 
to spinal cord compression, and use MRI when appropriate. 

Currently, the majority of patients experiencing first relapse have 
been exposed only to doublet regimens, and accordingly, alterna-
tive salvage strategies are feasible. However, optimal sequencing of 
targeted agents in relapsed/refractory MM is not adequately defined 
and tends to be at the discretion of the treating clinician. Of note, 
in some studies, previous thalidomide treatment has been reported 
to negatively affect salvage with other therapies.24,86 Although 
previous treatments can limit therapeutic options, they can also 
be informative, with salvage therapies chosen often by combin-
ing drugs from classes that previously yielded a durable response. 
Retreatment of patients who have shown long remission from their 
initial therapeutic regimen remains a reasonable option.87 Current 
data demonstrate that retreatment with bortezomib is effective and 
tolerable, and in high-risk disease, novel combinations may be used 
to capitalize on synergy.88,89 Similarly, retreatment with thalido-
mide is often also effective but limited by neuropathic effects from 
long-term exposure to this drug.24 

For patients experiencing aggressive relapse, quantity of life 
might have to take precedent over QOL, and aggressive multiagent 
regimens should be considered. An interesting observation with 
multiagent combinations is that some patients can become resen-
sitized to drugs given in previous regimens despite initial poor 
response or relapse. For example, patients experiencing relapse 
sequentially with melphalan/bortezomib and then with thalido-
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mide/steroid might respond subsequently to all 4 agents in combi-
nation. Likewise, patients experiencing relapse with lenalidomide/
dexamethasone and then bortezomib/dexamethasone/doxorubicin 
have been noted to attain subsequent durable responses when 
all agents are combined together. Thus, decisions to omit drugs 
based on previous exposure might not be warranted. However, 
this resensitization phenomenon needs to be studied in prospective 
clinical trials before the formulation of any recommendations. It is 
also important to bear in mind that older regimens such as DCEP 
(dexamethasone/cyclophosphamide/etoposide/cisplatin), or even 
single-agent cyclophosphamide or melphalan, can yield durable 
responses in patients experiencing relapse with targeted therapies. 
Oral cyclophosphamide, although used widely by physicians spe-
cializing in MM, is used less frequently in the community and has 
not been well studied in the relapsed setting. 

Goals of Therapy 
Depth of response has been correlated with improved outcome 

in relapsed MM.90 However, application of depth of response as 
a treatment goal can depend on a patient’s age and whether he or 
she is in first relapse or in subsequent relapses. In an older patient 
ineligible for transplantation and in first relapse, attainment of SD 
without treatment intensification might be satisfactory as long as 
it is tied in with other factors such as adequate hemoglobin and 
lack of deterioration in renal function or occurrence of new bone-
related problems. Conversely, in a younger patient experiencing 
relapse after ASCT, a more aggressive approach might be war-
ranted, including a change of regimen to induce deeper response. 
Ultimately, satisfaction with SD is dependent upon the patient’s 
symptoms, side effects from treatment, previous history of aggres-
sive disease, presence of high-risk features, and comorbid status. 
For patients pursuing a second ASCT after suboptimal response 
to their first ASCT, application of a limited number of cycles (2 
cycles) of interim therapy can determine if the patient is responsive 
and if a particular drug can be used as maintenance. 

In relapsed/refractory MM, it is difficult to apply OS as a goal 
of therapy because effective salvage complicates analysis. However, 
time to next treatment (TTNT) can provide a valuable measure 
of how well the patient is doing compared with his or her last 
treatment.90 Increased use of TTNT as an endpoint in clinical 
trials could enable the physician to gauge how different regimens 

might perform at the bedside. However, TTNT is a poorly defined 
variable that is rather subjective and dependent on the clinicians’/
investigators’ threshold for implementation of next therapy, among 
other factors. Furthermore, it can be very difficult to determine 
TTNT for patients receiving continuous primary therapy or main-
tenance therapy. Additionally, it is unclear whether prolonging the 
first TTNT would negatively affect subsequent TTNTs, ultimately 
yielding little benefit. 

With each subsequent relapse, treatment options become more 
limited, and patients might be more willing to continue current 
treatment despite treatment-related toxicities. At some point, after 
≥ 3 relapses, both clinician and patient need to consider QOL as 
the primary treatment goal while remaining receptive to newer and 
potentially efficacious agents that could provide continued hope in 
the clinical trial setting.

Relapsed/Refractory Multiple Myeloma 
With Comorbidity

Peripheral Neuropathy. In patients with relapsed MM with ongo-
ing significant neuropathic symptoms from previous exposure to 
thalidomide, it might be preferable to avoid the use of this agent 
and instead try a lenalidomide-based regimen. Clinical trials have 
demonstrated bortezomib-induced PN to be reversible upon dose 
reduction/interruption in the majority of patients, and these data 
translate well into the clinic.63 However, despite improvement, low-
grade PN can persist. Most importantly, PN is not cumulative with 
bortezomib, and previous PN with bortezomib might not predict 
subsequent emergence with retreatment, although this could be 
partly due to physician awareness and a more aggressive and timely 
dose reduction. Trials evaluating the safety and efficacy of bortezo-
mib retreatment have reported a low incidence of grade ≥ 3 PN and/
or decreased discontinuation because of PN.88,89,91 The guidelines 
for bortezomib dose reduction need to be followed carefully in order 
to maintain patients on therapy.69 Current phase III trials evaluating 
first-line weekly versus standard biweekly bortezomib in MM report 
reduced neurotoxicity without apparent loss of efficacy.70,92  

Renal Impairment. Bortezomib is safe and effective in patients 
experiencing relapse with creatinine clearance ≤ 50 mL/min.63 
However, although there are pharmacokinetic data suggesting 
that reduced-dose lenalidomide is feasible in patients with MM 

Abbreviations: APEX = Assessment of Proteasome Inhibition for Extending Remissions; D = dexamethasone; OS = overall survival; PLD = pegylated doxorubicin; RD = lenalidomide/ 
dexamethasone; TTP = time to progression; V = bortezomib

Outcome Measure
RD (n = 353)

MM-009/MM-010 APEX DOXIL-MMY-3001

60.6%

15%

13.4 months

38 months

P < .001

P = .045

P < .001

P = .027

P < .000004

P = .03

D (n = 351)

21.9%

2%

4.6 months

31.6 months

V (n = 333)

43%

9%

6.2 months

29.8 months

D (n = 336)

18%

< 1%

3.5 months

23.7 months

V/PLD (n = 324)

44%

4%

9.3 months

76% (15-month)

V (n = 322)

41%

2%

6.5 months

65% (15-month)

ORR

CR

Median TTP

Median OS

Phase III Trials in Relapsed/Refractory Multiple Myeloma Table 11



with renal impairment, these data were derived from a study 
population devoid of malignant disease, with no previous expo-
sure to MM therapies associated with treatment-emergent PN.62 
Furthermore, application of this algorithm might be difficult in 
practice. Nevertheless, implementation of lenalidomide therapy 
for patients with relapsed MM with renal impairment is feasible. 
Optimal thromboprophylaxis during lenalidomide/dexamethasone 
therapy in patients requiring dialysis is not established: MM-009 
and MM-010 excluded patients with creatinine ≥ 2.5 mg/dL from 
enrollment.83 

Other Toxicity Considerations. Caution is required when using 
concurrent radiation therapy with anthracyclines and perhaps 
bortezomib because they are both known radiosensitizers.93 In 
recent years, cytopenias have become much more prominent 
and are difficult to manage in the heavily pretreated patient. 
Thalidomide and steroids are generally nonmyelosuppressive. 
Steroids should be used with caution in patients with MM with 
coexistent diabetes mellitus, with dose adjustment based on tox-
icity, and omission of anthracyclines is prudent in patients with 
congestive heart failure. Thromboprophylaxis with warfarin or 
low-molecular-weight heparin (LMWH) is indicated with high-
dose dexamethasone when combined with immunomodulatory 
molecules thalidomide or lenalidomide, particularly if there is a 
previous history of thromboembolism.67

Maintenance. There are diverging opinions on the relative ben-
efit afforded by maintenance in the relapsed/refractory setting. One 
view is that all patients with relapsed/refractory MM should receive 
maintenance or the disease will return rapidly. However, there are 
few data, if any, to support this approach. Generally, immuno-
modulatory molecules are given until progression. 

Considerations for Clinical Trials. There is a need to educate 
patients regarding ongoing clinical trials in order to prepare 
them for potential enrollment as their disease progresses. Indeed, 
although reimbursement for ≤ third-line therapies is generally 
expected to continue, in the future clinical trials might be the only 
option available for heavily pretreated patients. Unfortunately, tri-
als often disqualify patients with cytopenias or other comorbidities; 
thus, a considerable number remain ineligible. In recent years, there 
has been a shift toward accepting minimal response (MR), SD, 
duration of response, and PFS as clinically relevant endpoints in tri-
als for relapsed/refractory MM. Although some novel drugs might 
not yield the deepest responses, prolonged response duration and 
minimal toxicity could allow patients to remain on study with posi-
tive impact on disease control. Treatment of patients with refractory 
MM can be challenging, and lowering the response bar to incorpo-
rate MR could identify additional agents that can be evaluated later 
for synergy in multiagent regimens. Moreover, the phase III APEX 
(Assessment of Proteasome Inhibition for Extending Remissions) 
trial demonstrated that patients attaining MR have prolonged 
TTP and OS compared with nonresponding patients.90 There is a 
need to design risk-adapted trials for relapsed MM and to further 
investigate optimal sequencing of targeted agents. For asymptom-
atic patients whose disease is in biochemical relapse, suitable trials 

would include those evaluating agents associated with minimal 
toxicity, such as humanized monoclonal antibodies (MoAbs). 
Finally, clinical trials often require considerable time commitments 
from the patient in relation to associated clinic visits, follow-up, 
pharmacokinetic studies, and so forth. In moving forward with 
drug development and clinical trial design, these issues need to be 
considered up front in order to decrease rates of discontinuation.

Managing Complications of 
Myeloma and Treatment Toxicities
Bone Complications: Nonsurgical Intervention 

There has been a remarkable decline in the annual frequency 
of skeletal events in patients with MM over the past decade. With 
the integration of bisphosphonates and novel targeted agents into 
the routine treatment of patients with MM, the skeletal event 
rate has improved from about 2 events per year before the use of 
bisphosphonates in the mid-1990s to a current rate of about once 
every 10 years.20,94 A number of guidelines for use of bisphospho-
nates in MM all recommend continued monthly treatment with 
pamidronate or zoledronic acid for 2 years.21,22 Prolongation of 
therapy beyond this period is not recommended, although it is 
possible that some patients with continued active bone disease 
could benefit from this approach.22 Every-3-month dosing after 
2 years of bisphosphonates or after optimal response to MM 
therapy is exploratory only, but a number of ongoing studies are 
evaluating alternative bisphosphonate dosing schedules.95,96 In 
order to maximize bone strength, it is important to monitor vita-
min D levels during bisphosphonate therapy and supplement as 
appropriate. Although a number of studies have recently reported 
beneficial effects of proteasome inhibitors and immunomodula-
tory agents on bone health, these data have been based on analysis 
of bone resorption markers/bone density and not skeletal-related 
events (SREs); accordingly, their impact on SREs and clinical 
benefit is currently unknown.97,98 Several novel MoAbs are being 
evaluated for positive effects on bone health in MM. Denosumab 
(anti–receptor activator of nuclear factor-κB ligand) has yielded 
rapid and prolonged reduction in bone resorption markers,98 and 
an anti-DKK1 MoAb is currently being evaluated with SRE rate 
as the primary outcome measure.99

Although pamidronate and zoledronic acid reduce bone compli-
cations with similar efficacy, zoledronic acid has a more convenient 
15-minute infusion schedule.100 Although there have been several 
reports suggesting that zoledronic acid could induce a higher inci-
dence of osteonecrosis of the jaw (ONJ) compared with pamidro-
nate, evidence is weak in the absence of prospective studies.22,101 
Furthermore, emerging data indicate that antiangiogenic drugs 
might also be risk factors for development of ONJ102; thus, use 
of immunomodulatory drugs or other novel agents in recent years 
could be a contributing factor to the increased reporting of ONJ in 
patients with MM receiving bisphosphonates. Regardless, patients 
beginning intravenous (I.V.) bisphosphonates should have an oral 
examination, and the increased risk associated with use of dentures 
and a history of dental extractions should be noted.22 Unless oth-
erwise dictated by disease progression, it is currently recommended 
that bisphosphonates be halted if ONJ develops while patients 
are receiving therapy.22 Upon withdrawal, ONJ does heal over a 
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protracted period of time. Bisphosphonate drug holidays have been 
recommended for patients planning to have either dental extrac-
tions or implants, despite lack of evidence showing benefit from 
this approach.103 It might be wise to delay bisphosphonate therapy 
in previously naive patients requiring dental surgery. In general, the 
occurrence of ONJ has diminished recently with increased aware-
ness of these possible ways to reduce the risk.22 

The nephrotoxic effects of bisphosphonates are well described, 
and monitoring and dosing guidelines have been instituted.21 

Clinicians should collect 24-hour urine samples to monitor 
Bence-Jones protein if present. In the absence of this protein, 
ASCO guidelines advise measurement of serum creatinine before 
each bisphosphonate infusion.21 Cost issues, convenience, renal 
impairment, and differing opinions on the efficacy of pamidronate 
versus zoledronic acid and the risk for ONJ make the choice of 
bisphosphonate an individual one. At this time, the only random-
ized study involving both drugs showed no significant difference in 
the primary endpoint, although some secondary endpoints favored 
zoledronic acid.100 

Bone Complications: Surgical Intervention 
The majority of patients with MM present with some level of 

comorbid bone disease, and VCFs are common.98 Although frac-
tionated radiation has been used effectively for the management of 
localized bone pain, long-term use can affect the bone marrow and 
complicate bone healing; accordingly, radiation therapy needs to be 
limited.104 Minimally invasive procedures, including vertebroplasty 
and balloon kyphoplasty to stabilize fractures and improve dis-
ability, are currently available treatments. Emerging data from the 
randomized Fracture Reduction Evaluation (FREE) trial demon-
strate that early intervention with balloon kyphoplasty is superior 
to nonsurgical care in patients with MM and other cancers with 
VCFs (Table 12).105 Nevertheless, these procedures can increase 
risk for adjacent VCFs.106 

Although there are no randomized trials directly comparing bal-
loon kyphoplasty to vertebroplasty in MM, both methods appear to 
provide comparable and sustained pain management.94 However, 2 
recent studies showed that vertebroplasty provided no benefit over 
sham surgery for non-oncology patients with VCFs.107,108 Both 
vertebroplasty and kyphoplasty can be performed on an outpatient 
basis, allowing little impact on scheduling of myeloma therapy. 
Kyphoplasty is also effective on older fractures, yielding clinical 
responses and pain improvement despite bisphosphonate therapy. 
This highlights unresolved mechanisms of action that could be 
partly explained by local heating in the area during poly(methyl 
methacrylate) cement application with possible nerve ablation. 
Nonetheless, complications can occur. Vertebroplasty is associated 
with a higher rate of cement extravasation compared with kypho-
plasty, and this can result in pulmonary embolism or neurologic 
symptoms.106 This needs to be weighed against balloon kypho-
plasty being a slightly longer and more costly procedure. These 
procedures may be performed on patients with VCF with limited 
retropulsion of the vertebral body, dependent upon the experience 
of the attending surgeon. Finally, the utility of braces in these 
patients is unclear because the majority report extreme discomfort 
with these supports, new fractures are rare while patients are receiv-

ing active MM therapy, and braces often lead to increased osteo-
penia. It might be more prudent to refer the patient to a physical 
therapist with initiation of weight-bearing exercises.

Renal Problems 
The application of sFLC to the management of MM with renal 

impairment is not well established.109 However, a renal reference 
range for the sFLC ratio has recently been published for patients 
with renal impairment, with modification of the upper limit of 
normal from 1.65 to 3.1.110 Patients with Bence-Jones protein-
uria should be monitored by 24-hour urine collections. Among 
patients with extensive light-chain–only MM, 24-hour urine tests 
with determination of paraprotein levels will aid in the detection 
of an early response. For patients responding to MM therapy with 
improved glomerular filtration rate, a decreased sFLC ratio might 
not be accompanied with a change in urinary protein. Furthermore, 
because of the inherent user-to-user variability in 24-hour urine 
tests/urinary protein electrophoresis and their interpretation, it is 
important to refrain from hasty treatment decisions based on the 
results of a single test. Other considerations in MM with renal 
impairment are appropriate hydration and dose adjustment of 
drugs that are cleared primarily through the kidney. Nephrotoxic 
agents/procedures should be avoided, including I.V. contrast media, 
nonsteroidal agents, and antibiotics. 

Neuropathy 
Dose reduction of bortezomib and thalidomide in treatment-

emergent PN has already been discussed.69,70,73 Prophylactic 
alpha-lipoic acid (ALA) improves diabetic neuropathy symp-
toms,111 and it could also be useful in treating PN associated with 
MM; however, ALA has the potential to antagonize bortezomib in 
vitro, but the underlying mechanisms of action are unknown.112 
Antioxidants, vitamin C, and green tea polyphenols have also been 
reported to inhibit bortezomib response.113-115 A number of com-
mon chemotherapeutic agents are associated with central nervous 
system (CNS) toxicity,116 and diminished cognitive function and 
personality disorders have been observed with immunomodulatory 
agents.117 Reversibility of thalidomide-emergent CNS toxicity has 
been seen in the clinic among patients discontinuing therapy within 
2 years of thalidomide initiation, but the cumulative effects of 
longer-term treatment have not been well studied. Central nervous 
system stimulants might provide benefit, including amphetamines 
and duloxetine, and low doses of modafinil could be useful for 
fatigue and somnolence. Prospective trials with modafinil and 

aScale, 0-100.
Abbreviation: PCS = physical component summary score

Mean SF-36 PCS,
Pointsa

Kyphoplasty
(n = 149)

26

33.4

7.2 (95% CI, 5.7-8.8)

Nonsurgical Care
(n = 151)

25.5

27.4

2.0 (95% CI, 0.4-3.6)

5.2 points; 95% CI, 2.9-7.4 points; P < .0001

Baseline

1 Month

Change

Difference

The Fracture Reduction Evaluation (FREE) Trial Table 12



armodafinil in MM are in the planning stages. On an anecdotal 
note, a “natural remedy” currently used by athletes for cramping is 
pickle juice,118 and this might be beneficial in MM. 

Thromboembolism 
There is an increased incidence of venous thrombotic events 

(VTE) when immunomodulators are combined with steroids or 
anthracyclines, and recommendations for optimal thromboprophy-
laxis have been published.67 Less well-recognized is the potential 
for arterial thromboembolic events with immunomodulatory 
agents.119 If a patient develops a clot while receiving an immuno-
modulator despite prophylaxis, therapy needs to be stopped until 
the clot has resolved. For patients with comorbid obesity and high 
risk for VTE, LMWH or warfarin is advised. 

Cytopenias
Anemia is commonly observed among patients with MM as a 

disease manifestation at presentation. It is also seen in patients with 
renal impairment, and use of erythropoiesis-stimulating agents 
(ESAs) as replacement therapy is currently recommended for these 
patients as well as those with chemotherapy-induced anemia.120 
However, the use of ESAs should be approached cautiously in 
patients receiving immunomodulatory agents combined with 
dexamethasone because both of these treatment strategies are asso-
ciated with increased thromboembolic complications. Generally, 
ESAs should be used only to boost hemoglobin levels to 10 g/dL. 
In patients receiving ESAs, parenteral iron should also be given 
as indicated in order to effectively stimulate erythropoiesis.120 
Caution needs to be practiced with regard to use of growth fac-
tors for patients with MM and cytopenias because disease-related 
cytopenias might be transient if the patient’s disease responds to 
MM therapy. Most importantly, myeloma regimens should not 
be discontinued because of moderate cytopenias. Neutropenia can 
be counteracted with filgrastim or pegfilgrastim. However, throm-
bocytopenia is still a great challenge, especially in the setting of 
relapsed/refractory MM. 

Infection 
Both humoral and cell-mediated immunity are compromised 

in MM, and therapy can further exacerbate the risk of infection, 
particularly during initial treatment cycles.121 Attention is required 
because bacterial infections are a common cause of death in patients 
with MM. However, in most cases, infections occur during times 
of neutropenia or as part of the patient’s terminal event with 
progressive myeloma. Bortezomib and arsenic trioxide have both 
been associated with reactivation of herpes zoster, and prophylactic 
acyclovir should be administered concurrently and continued for 
4 weeks after discontinuation of therapy.122 Importantly, the live 
herpes zoster vaccine needs to be avoided until studies confirm 
both its efficacy and safety for patients with myeloma. The benefits 
of vaccination against such agents as influenza and pneumococci 
are unclear because the majority of these patients are immuno-
suppressed and will not be able to mount a sufficient immune 
response.120 However, it is advisable to give both influenza and 
pneumococcal vaccines to patients with MM. Unpublished obser-
vations from the Eastern Cooperative Oncology Group U1099 

trial report no benefit of prophylactic antibiotics during the initial 
3 months of chemotherapy.123

Which New Agents Might Add to 
the Treatment Armamentarium?

There is an expanding number of novel agents belonging to 
discrete drug classes in clinical trials for MM. Inhibitors are 
being developed that target the cell cycle, cell surface molecules, 
signaling pathways, the unfolded protein response, and epigen-
etic pathways.124 Preclinical research has provided the rationale 
for evaluation of synergistic activity between novel agents and 
established partner drugs, and some combinations induce resen-
sitization to previous therapies to which the disease has become 
refractory (Table 13). 

Newer immunomodulatory agents and proteasome inhibitors 
have yielded improved safety profiles compared with their pro-
totypes, and promising activity in relapsed/refractory MM has 
been noted.125-127 Single-agent carfilzomib has induced responses 
in heavily pretreated patients, including those with bortezomib-
naive and bortezomib-refractory MM.125,126 Peripheral neuropa-
thy is less common and milder with carfilzomib, whereas safety in 
patients with severe renal impairment has yet to be demonstrated. 
The combination of carfilzomib with lenalidomide/low-dose 
dexamethasone has yielded promising activity including VGPRs 
(ORR, 50%), and a phase III trial with this triplet is in the 
planning stage.126,128 The third-generation immunomodulatory 
agent pomalidomide plus weekly dexamethasone has also shown 
efficacy, including in lenalidomide-refractory MM.127 However, 
there is potential for cross-resistance between older and newer 
drugs; thus, dose optimization needs be carefully addressed.24

The histone deacetylase (HDAC) inhibitor (HDACI) vorinostat 
is approved in the United States for cutaneous T-cell lymphoma, 
but evaluation as a single agent in relapsed/refractory MM resulted 
in early termination of a phase I study.129 The safety and efficacy 
of vorinostat in MM is currently being explored in combination 
with lenalidomide and dexamethasone130 and with bortezomib 
with or without dexamethasone.131 In this latter study, objective 
responses have been noted in bortezomib-refractory patients. A 
phase III evaluating vorinostat plus bortezomib is currently enroll-
ing patients with relapsed/refractory MM.132 Phase I analysis of 
single-agent panobinostat showed insufficient efficacy to move for-
ward,133 but combinations with lenalidomide/dexamethasone134 

or bortezomib135 have yielded objective responses. When low-dose 
panobinostat is combined with melphalan, responses have been 
observed, but this combination is also associated with cytopenias.94 
On a cautionary note, prolonged QTc interval has been reported in 
a number of patients receiving HDACIs.82 

The heat shock protein 90 inhibitor tanespimycin has shown 
encouraging data in a phase I trial, and preclinical research has 
revealed a potentially neuroprotective effect and synergy with 
bortezomib.136 Bortezomib plus tanespimycin has yielded a 
durable response in a phase I/II trial, with no grade 3/4 PN; this 
combination is currently under phase III study.137 The Akt inhibi-
tor perifosine is also in early trials with bortezomib and has yielded 
high response rates in combination with lenalidomide/dexametha-
sone.138,139 Among humanized MoAbs in early trials, elotuzumab 
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targeting the CS1 antigen has yielded SD as monotherapy140 and 
is currently being evaluated with lenalidomide/dexamethasone and 
with bortezomib.141-143 Other promising MoAbs include CNTO 
328, which targets interleukin-6, and the anti-CD138 MoAb 
nBT062 drug conjugate.144 There is also renewed interest in the 
alkylator bendamustine, which is approved for chronic lympho-
cytic leukemia and non-Hodgkin lymphoma in the United States 
and approved for MM in Germany.145 Bendamustine is associated 
with decreased myelosuppression compared with melphalan, and 
it is currently under evaluation in MM as a conditioning regimen 
before ASCT and in combination with bortezomib in relapsed/
refractory MM.146,147 

Despite this impressive development, a number of current tri-
als evaluating novel-agent combinations are poorly designed and 
might not be addressing the correct questions.124 In many cases, 
enrollment of undefined patient populations has made it very dif-

ficult to determine the benefit of the investigational agent over the 
partner drug and predict the future success of the combination in 
phase III trials. One approach to improving trial designs would 
be to enroll only patients whose disease is currently progressing 
on the intended partner drug, in order to more easily determine 
novel-agent efficacy, synergy, and/or partner drug resensitization. 
For novel agents that lack single-agent activity, the rationale and 
optimal approach for further development might not be immedi-
ately apparent. Moreover, key decision points that drive the devel-
opment of new drugs from preclinical to clinical evaluation and 
from early- to late-phase trials are not clearly defined.148 Finally, 
although the development of “me too” drugs can offer differing 
pharmacology with improved scheduling, toxicity, and/or efficacy, 
careful dose optimization for each new drug in the preclinical 
setting is required in order to avoid unnecessary and costly adjust-
ments in clinical trials.

an = 39 evaluable for response.
bn = 23 evaluable for safety; n = 20 evaluable for response.
cA total of 28 patients evaluable for response.
dn = 67 evaluable.
eA total of 73 patients were evaluable for response.
Abbreviations: AST = aspartate aminotransferase; CR = complete response; DVT = deep-vein thrombosis; GI = gastrointestinal; MR = minimal response; nCR = near-complete response; 
PN = peripheral neuropathy; PR = partial response; sCR = stringent complete response; VGPR = very good partial response 

Agents in Early Trials Responses

PR, 7; MR, 3

PR, 2; MR, 3

ORR, 57%; CR, 7%; VGPR, 14%

≥ PR, 18%

ORR, 63%; CR, 5%; VGPR, 28%

ORR, 40%; VGPR, 5%

≥ PR, 58%; CR, 10%; VGPR, 5%

PR, 4; sCR/CR, 2; VGPR, 5; MR, 1

PR, 7; VGPR, 2

PR, 3

PR, 11; CR, 2; MR, 5

≥ MR, 27%

≥ MR, 13%

≥ PR, 22%; ≥ CR, 4%; MR, 19%

≥ PR, 50%; nCR, 7%; VGPR, 10%

Selected Toxicities

Grade 3/4: anemia, 37%; thrombocytopenia, 26%;
neutropenia, 4%; PN, 2%; renal, 15%

Grade ≥ 3: anemia, 16%; thrombocytopenia,
10%; neutropenia, 10%; PN, 3% (grade 3)

Grade 3/4: neutropenia, 32%; pneumonia, 8%
thrombosis, 1.6%

Grade 3/4: thrombocytopenia, n = 30; neutropenia, 
n < 25; asthenia, n < 10

Grade 3/4: neutropenia, n = 5; thrombocytopenia, n = 5

Grade > 3: myelosuppression, n = 13; fatigue, n = 11;
diarrhea, n = 5

Grade 3/4: neutropenia, n = 8; thrombocytopenia, n = 5;
DVT, n = 2 (grade 3 only)

Grade 3/4: thrombocytopenia, 25%;
neutropenia, 3%; AST elevation, 4%

Grade 3/4: thrombocytopenia, 23%; pneumonia, 12%;
neutropenia, 15%; PN, n = 2 (no grade 4)

Grade 3/4: neutropenia, 20%; hypophosphatemia, 17%;
thrombocytopenia, 13%

Novel Proteasome Inhibitors

 Carfilzomib: PR-171-003, Relapsed/Refractory Multiple Myeloma

  All patients (N = 46)a

  Bortezomib refractory (n = 26)

 Carfilzomib: PR-172-004, Relapsed Multiple Myeloma

  Bortezomib naive (n = 14)

  Bortezomib exposed (n = 17)

Novel Immunomodulators

 Pomalidomide/Low-Dose Dexamethasone

  All patients (N = 60)

  Lenalidomide refractory (n = 20)

Histone Deacetylase Inhibitors

 Panobinostat/Bortezomib With or Without Dexamethasone (n = 38)

 Panobinostat/Lenalidomide/Dexamethasone (n = 27)b 

 Vorinostat/Bortezomib With or Without Dexamethasone (n = 23)

 Bortezomib Refractory (n = 9)

 Vorinostat/Lenalidomide/Dexamethasone (n = 31)c

Signaling Inhibitors

 Tanespimycin/Bortezomib (n = 72)d

  Bortezomib refractory (n = 23)

 Perifosine/Bortezomib With or Without Dexamethasone (n = 84)e

 Perifosine/Lenalidomide With or Without Dexamethasone (n = 30)

Selected Novel Agents in Early Clinical Trials for Multiple MyelomaTable 13



Despite all the clinical options available today, current therapies 
are not curative. Patients face repeated relapses with ever-increasing 
challenges to achieve control of their disease and avoid side effects 
that are often cumulative. Moreover, higher-risk disease develops 
over time in nearly all patients as the MM becomes more resistant, 
and accordingly, there is a need to identify regimens that differen-
tially affect high-risk MM. One approach is to limit eligibility of 
some trials to patients with high-risk MM and, in so doing, facili-
tate a primary endpoint of OS. Caveats to this approach include 
the possibility of inadvertently classifying a regimen as poor when 
excellent responses might have been attained in good-risk patients. 
Furthermore, there is no provision for the differential impact of 
underlying pathobiology/cytogenetics on drug efficacy. 

Conclusion
The Clinical Lymphoma & Myeloma Panel: Focus on Myeloma 

provided a platform for KOLs to express their opinions and discuss 
controversies in the field of MM. It was generally agreed that for 
patients with MGUS, the approach of “watch and wait” would 
remain the mainstay, though patients presenting with MGUS-
related manifestations might require a different management 
approach. In first-line treatment of patients with MM, more data 
are needed concerning the relative long-term benefits of novel 
doublet regimens versus those incorporating multiple targeted 
agents before optimal therapies and management approaches can be 
selected. Current data still support the inclusion of transplantation 
for eligible patients as part of the treatment paradigm. For patients 
with relapsed/refractory MM, novel chemistries and targeted-agent 
combinations that provide for synergy are continually being evalu-
ated, and a number of these strategies have yielded promising data. 
In the clinic, the ratio of good-risk to poor-risk patients return-
ing for additional treatment has not changed with targeted-agent 
therapy; thus, continued new drug development for all MM risk 
categories is required. Finally, there is a need to more carefully 
design clinical trials in MM in order to propel development of those 
new drugs with the most potential.
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