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Abstract
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Multiple myeloma remains an incurable neoplasm of plasma cells that affects more than 20,000 people
annually in the United States. There has been a veritable revolution in this disease during the past decade,
with dramatic improvements in our understanding of its pathogenesis, the development of several novel
agents, and a concomitant doubling in overall survival. Because multiple myeloma is a complex and wide-
ranging disorder, its management must be guided by disease- and patient-related factors; emerging as one
of the most influential factors is risk stratification, primarily based on cytogenetic features. A risk-adapted
approach provides optimal therapy to patients, ensuring intense therapy for aggressive disease and
minimizing toxic effects, providing sufficient but less intense therapy for low-risk disease. This consensus
statement reflects recommendations from more than 20 Mayo Clinic myeloma physicians, providing a

practical approach for newly diagnosed patients with myeloma who are not enrolled in a clinical trial.
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ultiple myeloma (MM) accounts for

approximately 1% of all cancers and

10% of hematologic malignancies.'
The disease is slightly more common in men
and in African Americans. Multiple myeloma
is at the end of a spectrum of plasma cell disor-
ders, several of which do not require therapy.”
Indeed, monoclonal gammopathy of undeter-
mined significance (MGUS) is a generally
benign condition, with a transformation rate to
symptomatic plasma cell disorders of approxi-
mately 1% to 2% annually, and is common,
with an incidence of 5% in individuals older
than 70 years.>* Between MGUS and MM is
asymptomatic MM (formerly known as smol-
dering MM), which represents a progression

from MGUS with a greater burden of plasma
cells in the bone marrow (>10%) and a higher
annual risk of transformation to MM (10% for
the first 5 years with subsequent reduction).”°

Hallmark features of MM are highlighted by
the acronym CRAB—Calcium elevation, Renal
insufficiency, Anemia, and Bone disease—with
these clinical manifestations attributable to the
plasma cell clone.” Treatment, although not
curative, is intended to control the disease
and minimize its end-organ effects. Although
the disease remains incurable, with the intro-
duction of autologous stem cell transplant
(ASCT) and newer agents, such as thalidomide,
bortezomib, lenalidomide, and carfilzomib,
median overall survival (OS) has increased
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from 2 to 3 years a decade ago to greater than 8
years currently.®

These advances are a product of a much
better understanding of the disease. This has
included features of the clone itself, primarily
in genetic and genomic studies, revealing mul-
tiple genes involved in the development and
proliferation of the malignant plasma cells.
This has been matched by an appreciation of
the importance of the bone marrow microen-
vironment and its role in supporting and
maintaining the malignancy.”">

These advances have allowed a stratification
of the disease that distinguishes patients who
will have an aggressive course from those whose
disease will be indolent and slow to relapse.***°
When combined with other factors, such as age,
renal insufficiency, comorbid status, and patient
preference, risk status is another step toward
genuinely individualized therapy for patients
with myeloma. This is perhaps more important
than previously because with many new thera-
peutic options available, dangers of overtreat-
ment or undertreatment abound; indeed, not
providing sufficient therapy for a high-risk pa-
tient can lead to poor outcomes, and giving too
many drugs (be it in combination or in sequence)
to a patient with indolent disease will likely result
in excess short- and long-term toxic effects.

MAYO STRATIFICATION OF MYELOMA AND
RISK-ADAPTED THERAPY GUIDELINES

Our group has previously published 2 sets of
consensus guidelines for newly diagnosed MM
known as the Mayo Stratification of Myeloma
and Risk-Adapted Therapy (mSMART) in 2007
and 2009.'®'" These guidelines are updated
more regularly online (http://mSMART.org) and
reflect the expert opinion of more than 20
myeloma physicians at Mayo Clinic (Minnesota,
Arizona, and Florida). The overall purpose is
to guide clinicians in the complex world of
myeloma by providing practical, easy-to-
follow recommendations for initial therapy,
transplant, and maintenance therapy. Major
updates included in this review are as follows:

1. Risk stratification into 3 groups: high risk,
intermediate risk, and standard risk (pre-
viously only high risk and standard risk).
This update reflects increasing evidence for
the therapeutic advantage of bortezomib for
patients with the t(4;14) abnormality.

2. Inclusion of more factors in risk stratifi-
cation. With enhanced evaluation tech-
niques, we have included gene expression
profiling (GEP) as a tool to identify high-
risk patients.

3. Greater emphasis on delayed ASCT. With
improved induction therapies resulting in
deeper responses, coupled with enhanced
stem cell collection strategies, many patients
are now opting to collect their stem cells but
not immediately move on to ASCT. Recent
evidence has supported this strategy, dem-
onstrating the ongoing benefit of ASCT even
when delayed.

4. Maintenance therapy. Several studies have
recently been published evaluating the
benefit of maintenance therapy (primarily
with lenalidomide but also with bortezomib).
Although some have advocated its use uni-
versally, we retain a risk-adapted approach
that balances its benefit with short- and long-
term toxic effects.

5. Extended therapy for high- and intermediate-
risk patients. Increasing evidence supports
the use of more consolidation therapy in
patients in higher-risk categories, and this is
reflected in longer periods of recommended
treatment in these groups.

6. A description of ongoing trends in MM.
The treatment of MM is evolving rapidly,
with substantial changes in previously held
concepts. We summarize some of the major
trends that are affecting the field.

For all stages and phases of MM, we
strongly recommend clinical trials as the first
option for therapy or supportive care. Howev-
er, when these are not available or when pa-
tients may not be eligible, we recommend
the strategy set forth in these guidelines. Our
approach remains evidence based. As far as
possible, we do not consider data from surro-
gate end points as “evidence of benefit.” In the
absence of clear evidence (OS or validated
quality-of-life improvement) favoring one
approach over another, we generally prefer
the least toxic, least expensive option (keeping
in line with the first-do-no-harm principle).
Our level of caution is highest in standard-
risk patients, who have the most to lose in
terms of serious toxic effects or quality of life
early in the disease course. The grading strat-
egy for these guidelines is outlined in Table 1.
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TABLE 1. Classification System for Levels of Evidence and Grades of Recommendations

Level
|

%
\

Grade
A

B
C
D

362

Type of evidence

Evidence obtained from meta-analysis of multiple, well-designed, controlled studies. Randomized trials with low false-positive and low

false-negative errors (high power)

Evidence obtained from >1| well-designed experimental study. Randomized trials with high false-positive or false-negative errors

(low power)

Evidence obtained from well-designed, quasi-experimental studies, such as nonrandomized, controlled single-group, pre-post, cohort, time, or

matched case-control series

Evidence from well-designed, nonexperimental studies, such as comparative and correlational descriptive and case studies
Evidence from case reports and clinical examples

Grade for recommendation

There is evidence of type | or consistent findings from multiple studies of type I, lll, or IV
There is evidence of type I, lll, or IV and findings are generally consistent
There is evidence of type II, lll, or IV but findings are inconsistent

There is little or no systematic empirical evidence

DIAGNOSIS AND INITIATION OF THERAPY

We previously reported in detail the indica-
tions to treat myeloma.'” Unlike patients
with many other malignancies, many patients
with indolent or “asymptomatic” MM do not
require immediate therapy. It is generally rec-
ommended not to commence therapy until
there is evidence of end-organ damage, as
manifest in the acronym CRAB.'® There are a
few other contexts in which therapy may be
indicated before the development of CRAB:

1. Asymptomatic or smoldering MM with bone
marrow plasmacytosis greater than 60%.
Although the percentage of plasmacytosis is
not generally used as a repeated marker of the
disease to guide therapy (except for the rarely
present nonsecretory myeloma), increasing
evidence suggests that at a critical point it is
reasonable to initiate treatment as patients
will inevitably develop CRAB."” Indeed, it is
common to inaccurately predict progression
to symptomatic MM, and this may result in
the patient experiencing a pathologic fracture
or other sentinel event that may have been
prevented.

2. Markedly abnormal serum free light chain
ratio. In contrast to intact immunoglobulin,
light chains have a greater propensity to
induce renal dysfunction. As a result, it is
incumbent on the treating physician to
monitor light chains closely in patients with
asymptomatic MM; once the involved/un-
involved free light chain ratio is 100 or
more, the risk of progression in the next 2
years approaches 80%, and, hence, initia-
tion of therapy should be considered.*

3. Positron emission tomography (PET) or
magnetic resonance imaging (MRI) positivity
as evidence of early bony involvement or
extramedullary disease. Historically, the plain
radiograph approach of skeletal surveys has
been used to assess the nature of bone disease
in MM. However, this modality may detect
only late-stage disease, and newer tools may
help determine whether there is early active
disease that may warrant therapy.*' The most
commonly used modalities are MRI and PET.
Although it is still not routine for all patients
to undergo this testing, in patients in whom it
is unclear whether active disease is present,
MRI or PET may provide useful information
to guide therapy.

RISK STRATIFICATION
It is apparent that MM is a very heterogeneous
disease, and treating all patients in the same
way is too simplistic. Similar to other lympho-
proliferative diseases, such as lymphoma, a
stratified approach is appropriate to ensure
that patients are given therapy that is likely to
optimize outcomes and minimize toxic effects.
Although 2 historical staging systems exist for
myeloma, the Durie-Salmon sys.tem22 and the
International Staging System,” they are not
usually used to determine the need for therapy.
Numerous studies have validated multiple
biological factors that influence risk and prog-
nosis in myeloma and that may be used to influ-
ence the choice of therapy.**° These factors may
be classified into 3 groups: tumor biology,”” '
tumor burden,***>***> and patient-related
factors (Table 2).

Mayo Clin Proc. ® April 2013;88(4):360-376 ® http://dx.doi.org/10.1016/j.mayocp.2013.01.019

www mayoek e HTEIFve.cn


http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

MYELOMA MSMART 2013

These factors must be considered in the
choice of therapy in patients with MM. To treat
patients effectively, it is recommended that all
patients undergo cytogenetic evaluation at diag-
nosis. Although the most information is gained
when both conventional cytogenetic and fluo-
rescence in situ hybridization (FISH) testing
are performed, not all centers have access to
both. With the additional information gained
by FISH, it is the preferred modality if both
are not available. The incidences of abnormal-
ities of FISH are listed in Table 3.

Owing to cost and current lack of influ-
ence on therapy, gene expression profiling
(GEP) is neither routinely performed nor rec-
ommended in a nonresearch setting. However,
as commercial tests are being developed, GEP
will likely play a greater role in the manage-
ment of MM in the future.

By virtue of our experience at Mayo Clinic,
along with published results, we have combined
these prognostic factors into a risk-adapted
approach to patients with myeloma. It is
apparent that some patients have an aggressive
course with brief periods of disease-free status
between therapies, whereas others have a
much more indolent course. We termed these
categories high risk and standard risk, respec-
tively. In addition, approximately 10% to 15%
of patients carry the t(4;14) abnormality (associ-
ated with fibroblast growth factor receptor 3
expression) and have an intermediate risk status
and tend to be more responsive to bortezomib-
based therapy. As a result, these updated
mSMART guidelines include these 3 risk cate-
gories (Table 4).

It is recognized that many patients and
treating physicians will not have access to the
plasma cell labeling index or GEP. Although
included in mSMART if the data are available,
they are not routinely recommended.

Further rationale for a risk-adapted ap-
proach is reflected in the differing outcomes
in patients in all 3 risk groups (Table 5).
Indeed, median OS is different in each group
when measured during the past decade in
multiple centers. High-risk patients in several
contemporaneous studies have median OS of
only 3 years, whereas intermediate- and
standard-risk patients have OS of 4 to 5 years
and 8 to 10 years, respectively. "%

Accordingly, risk stratification has more than
academic or prognostic value but differentiates

TABLE 2. Prognostic Factors in Myeloma

Tumor biology factors
Ploidy status
|7p— (p53 deletion)
t(14;16)
(14:20)
t(4;14)
Deletion 13 on conventional cytogenetic testing
Alterations in chromosome |
t(11;14)
(6;14)
Lactate dehydrogenase
Plasma cell proliferative rate
Presentation as plasma cell leukemia
High-risk signature in gene expression profiling
Tumor burden factors
Durie-Salmon stage
Interational Staging System stage
Extramedullary disease
Patient-related factors
Eastern Cooperative Oncology Group performance
status
Age
Renal function

TABLE 3. Distribution of Various Abnormalities of FISH Testing and Number of

Patients With Overlapping Trisomies
FISH abnormality

Trisomies without IgH abnormality
lgH abnormality without trisomies

t(11;14)

t(4;14)

t(14:16)

(14;20)

Unknown partner/deletion of IgH region
lgH abnormality with trisomies

t(11;14)

t(414)

t(14;16)

(6;14)

Unknown partner/deletion of IgH region
Monosomy 4 in absence of IgH translocations

or trisomy(ies)
Other cytogenetic abnormalities in absence of

IgH translocations or trisomy(ies) or monosomy |4
Normal

FISH = fluorescence in situ hybridization.

Adapted from Kumar,"' © The American Society of Hematology.

treatment options. In general, more aggressive
and continuous therapies will characterize
the approach to high-risk patients. It is well-
known that these patients will have limited
progression-free survival (PES) if left un-
treated, and, therefore, we recommend more
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TABLE 4. Risk Stratification of Active Multiple Myeloma

High risk Intermediate risk Standard risk
FISH FISH All others including:
Del 17p t(4;14) FISH
t(14;16) Cytogenetic del 13 (1 1;14)
t(14;20) Hypodiploidy (6;14)
GEP PCLI >3%

High risk signature

FISH = fluorescence in situ hybridization; GEP = gene expression profiling; PCLI = plasma cell
labeling index.

TABLE 5. Incidence and Median Overall Survival by Risk Group

Factor High risk Intermediate risk Standard risk
Incidence (%) 20 20 60
Median overall survival (y) 3 4-5 8-10

continuous therapy approaches. In contrast,
standard-risk patients may often have an indo-
lent course and may benefit from the limited
toxic effects of being without therapy for periods
between treatments. Intermediate-risk patients
will benefit from bortezomib-based strategies,
which should, therefore, be included in the treat-
ment of these patients. It is too early to know
whether this benefit will be seen with other pro-
teasome inhibitors, but it is possible that the
newly approved carfilzomib could also be used
in this strategy.

Although these factors will “predict” a pa-
tient’s risk status and are clear justification to
guide therapy, there are some patients in whom
their true risk status will not be captured using
these tests. Although this review does not discuss
relapsed therapy (this is updated at http://
mSMART .org), patients may later acquire high-
risk features or simply behave in a high-risk
manner with multiple rapid relapses.

Recommendation: All patients should un-
dergo risk stratification to classify them into
standard-, intermediate-, and high-risk groups.

Level of evidence: 11

Grade: A

INITIAL THERAPY

Choosing the optimal initial therapy in MM
remains a challenge. There are currently at
least 5 classes of active agents available for
the treatment of myeloma: alkylating agents
(melphalan and cyclophosphamide), anthra-
cyclines (adriamycin and liposomal doxoru-
bicin), corticosteroids (dexamethasone and

MAYO CLINIC PROCEEDINGS

prednisone), immunomodulatory drugs (thalid-
omide and lenalidomide), and proteasome in-
hibitors (bortezomib and carfilzomib).

Other less commonly used agents include
platinum, vincristine, and etoposide, which are
generally used in aggressive combinations, such
as DT-PACE (dexamethasone, thalidomide,
platinum, adriamycin, cyclophosphamide, eto-
poside). This now translates to more than 10
agents available to treat MM and the possibility
of dozens of combinations. However, few ran-
domized phase 3 trials can genuinely guide
the clinician, and even those available mostly
report only response rates (RRs) and PFS, not
OS. The choice of therapy, therefore, is very
much guided by the availability of agents, the
comfort of the treating provider, and consensus
among experts. These factors are then consid-
ered in the context of each individual patient,
their age, and their comorbidities. We herein
recommend that risk stratification can provide
the framework to facilitate the optimal therapy
for patients to yield the best long-term out-
comes. The following recommendations are
summarized in Figures 1 and 2.

TRANSPLANT-ELIGIBLE PATIENTS
High-dose chemotherapy with autologous stem
cell support remains the standard of care in
eligible patients based on a series of randomized
trials that found improved PES and OS.°7°
However, this recommendation is now being
challenged with novel therapies that have signif-
icantly improved the depth and duration of
response in initial therapy of MM. However, un-
til it is proved that strategies excluding ASCT
are superior, it is likely that ASCT will remain
the mainstay of therapy for eligible patients
with MM. We, therefore, continue to divide pa-
tients into transplant eligible and ineligible. Our
general approach is to consider patients with
a physiologic age of 70 years or younger for
ASCT.

Patients who undergo ASCT generally
receive 4 cycles of therapy; although the intent
is usually to have achieved at least a partial
response (PR) before high-dose therapy, this
is not always necessary. We routinely do not
change initial therapies unless there is genuine
progressive disease or the therapy is not
tolerated by the patient. Most patients then
immediately go on to ASCT. Some patients,
however, prefer to have their stem cells collected
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High risk Intermediate risk

4 Cycles of VRd 4 Cycles of CyBorD

| |

Collect stem cells Collect stem cells

| |

Standard risk

4 Cycles of Rd or CyBorD

}

Collect stem cells

!

Autologous stem
cell transplant
(especially if not in CR)

Autologous stem
cell transplant

Autologous stem
cell transplant

Bortezomib-based
therapy for a minimum
of | year

VRd for a minimum of
| year

Consider lenalidomide

f Continue Rd
maintenance

FIGURE 1. Mayo Stratification of Myeloma and Risk-Adapted Therapy treatment algorithm for transplant-
eligible patients. CR = complete remission; CyBorD = cyclophosphamide-bortezomib-dexamethasone;
Rd = lenalidomide-dexamethasone; VRd = bortezomib-lenalidomidedexamethasone.

and to delay ASCT while continuing prolonged
induction therapy. This strategy has not recently
been evaluated prospectively, but it remains an
option for patients as delayed ASCT is feasible.””

Most current strategies for initial therapy
have been with 2 or 3 drug regimens. Most of
them will combine at least 1 “novel” agent,
including thalidomide, bortezomib, or lenalido-
mide. Three large (>400 patients each) recently
published phase 3 trials (Table 6) that have
heavily influenced up-front strategies include
the following:

1. Lenalidomide—low-dose dexamethasone vs
lenalidomide—high-dose dexamethasone.’®
This study was particularly remarkable not
only in validating the use of lenalidomide in
the frontline setting but also in setting a new
standard for weekly low-dose dexametha-
sone therapy; it has also facilitated the use of
delayed ASCT. The overall RR was 70% to
81%, with 3-year OS of 74% to 75%, and
80% of patients who underwent transplant
were alive at 5 years.”® Because transplant

critical study in the up-front use of bortez-
omib and contributed to the “death” of
vincristine-adriamycin-dexamethasone as
a standard of care in transplant-eligible
patients. The overall RR was 79% in
bortezomib-dexamethasone, with 3-year
OS of 81%. Transplant was also not part
of this trial, although many patients were
eventually enrolled in the Intergroupe Fran-
cophone du Myelome maintenance trial of
lenalidomide vs placebo.

. Thalidomide-dexamethasone vs bortezomib-

thalidomide-dexamethasone.®® This was one
of the first trials to combine both classes of

High risk Intermediate risk Standard risk
MP + weekly bortezomib
VRd or weekly CyBorD Rdor MPT
Bolr tezomib Observation
maintenance

was not part of this trial, there was no plan
for whether 1 or 2 ASCTs were to be per-
formed and whether posttransplant main-
tenance therapy would be administered.

2. Vincristine-adriamycin-dexamethasone  vs
bortezomib-dexamethasone.’® This was a

FIGURE 2. Mayo Stratification of Myeloma and Risk-Adapted Therapy treat-
ment algorithm for transplant-ineligible patients. CyBorD = cyclophosphamide-
bortezomib-dexamethasone; MP = melphalan-prednisone; MPT = melphalan-
prednisone-thalidomide; Rd = lenalidomide-dexamethasone; VRd = bortezo-
mib-lenalidomide-dexamethasone.
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TABLE 6. Phase 3 Trials in Newly Diagnosed Myeloma

No. of Overall response CR plus
Reference, year Regimen patients rate (%) VGPR (%)

Rajkumar et al,*® 2010 RD 223 8l 50
Rd 222 70 40

Harousseau et al,>> 2010 VAD 242 63 15
VD 240 79 38

Cavo et a,° 2010 D 238 79 28
VTD 236 93 62

MAYO CLINIC PROCEEDINGS

PFS (mo), P value 3-y OS (mo), P value
median for PFS  OS (%) median for OS

19.1 75 NR
253 026 74 NR 47
30 77 NR
36 06 8l NR 46
40 84 NR
NR 006 86 NR 3

CR = complete response; NR = not reported; OS = overall survival; PFS = progression-free survival; Rd = lenalidomide—low-dose dexamethasone; RD = lenalido-

mide—high-dose dexamethasone; TD = thalidomide-dexamethasone; VAD = vincristine-adriamycin-dexamethasone; VD = bortezomib-dexamethasone; VGPR =very

good partial response; VTD = bortezomib-thalidomide-dexamethasone.

novel agents, and despite great concerns
about combining 2 agents with known po-
tential for neuropathy, the combination was
well tolerated. The overall RR was 79% for
thalidomide-dexamethasone and 93% for
bortezomib-thalidomide-dexamethasone, but
with similar 3-year OS of 84% (thalidomide-
dexamethasone) and 86% (bortezomib-
thalidomide-dexamethasone). This trial
included double transplant, followed by two
35-day cycles of their assigned regimen
(bortezomib-thalidomide-dexamethasone or
thalidomide-dexamethasone) as consoli-
dation therapy. All the patients were sub-
sequently maintained on dexamethasone,
40 mg on days 1 to 4 every 28 days.

A more recent trial by Moreau et al®' evalu-
ated bortezomib-dexamethasone vs bortezomib-
thalidomide-dexamethasone; the overall RR after
2 cycles favored bortezomib-thalidomide-dexa-
methasone (90% vs 77%), but PFS and OS rates
are similar with less than 3 years of follow-up.

These trials provided a basis for using these
combinations as frontline therapy and, indeed, the
most commonly used regimens currently in the
United States include bortezomib-dexamethasone
and lenalidomide-dexamethasone. However, sev-
eral other phase 2 trials have followed that have
sought to improve outcomes with these agents
and have further enhanced frontline options.

1. Cyclophosphamide-bortezomib-dexameth-
asone.”” Seeking to enhance the activity of
bortezomib-dexamethasone by adding weekly
oral cylophosphamide, cyclophosphamide-
bortezomib-dexamethasone use resulted in
improved RRs. The conversion to weekly
bortezomib therapy produced similar RRs,
was more convenient, and resulted in fewer

* EfjE

toxic effects. Furthermore, it did not prevent
the collection of stem cells for transplant. This
combination has the added advantage of being
less costly than bortezomib-thalidomide-
dexamethasone or bortezomib-lenalidomide-
dexamethasone and allows for the use of
immunomodulatory drug (IMiD) therapy
later in the disease course. Importantly, this
trial was followed up by the EVOLUTION
study,”” which compared the addition of
cyclophosphamide, lenalidomide, and cyclo-
phosphamide pluslenalidomide to bortezomib-
dexamethasone in a randomized trial (cyclo-
phosphamide-bortezomib-dexamethasone vs
bortezomib-lenalidomide-dexamethasone vs
bortezomib- cyclophosphamide-lenalidomide-
dexamethasone). Response rates were similar
in all 3 arms; based on response, toxicity, and
cost, therefore, cyclophosphamide-bortezomib-
dexamethasone remains a very effective choice
before ASCT.

2. Bortezomib-lenalidomide-dexamethasone.
A rational approach was to combine the 2
most active agents in MM with the addition of
dexamethasone based on studies in the re-
lapsed setting. An ongoing Southwest On-
cology Group trial is evaluating this strategy in
a large study cohort, but only preliminary re-
sults are currently available. Furthermore, a
large phase 3 international trial evaluating the
use of bortezomib-lenalidomide-dexametha-
sone alone vs early ASCT is ongoing.

64

As a result of these trials and clinical expe-
rience, many patients are now being treated
with 3-drug regimens, often with cyclophos-
phamide-bortezomib-dexamethasone, bortez-
omib-thalidomide-dexamethasone, or bortez-
omib-lenalidomide-dexamethasone. Of these,
bortezomib-thalidomide-dexamethasone has so
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far not shown a survival benefit in phase 3 trials
compared with either bortezomib-dexametha-
sone or thalidomide-dexamethasone. There are
no phase 3 data with bortezomib-lenalidomide-
dexamethasone. Bortezomib-lenalidomide-dexa-
methasone and bortezomib-thalidomide-dexa-
methasone contain both a proteasome inhibi-
tor and an IMiD and are, therefore, signifi-
cantly more expensive than cyclophosphamide-
bortezomib-dexamethasone and carry the risk
of more toxicity. There is also a concern that
the use of bortezomib-lenalidomide-dexametha-
sone or bortezomib-thalidomide-dexamethasone
may limit further options later in the disease
course. Although cyclophosphamide-bortezo-
mib-dexamethasone also lacks phase 3 data,
in the EVOLUTION study there was no differ-
ence compared with bortezomib-lenalido-
mide-dexamethasone.®” Moreover, in our opin-
ion, cyclophosphamide-bortezomib-dexameth-
asone is a minor modification of the well-
studied bortezomib-melphalan-prednisone reg-
imen, in which cyclophosphamide is substituted
for the more toxic melphalan. These consider-
ations were taken into account when deciding
on the risk-adapted approach outlined later here-
in. Our goal is to allow clinicians and patients to
select the regimen best suited for their MM.

Standard Risk
As standard-risk patients tend to have a more
indolent course, a “sequential” approach to their
disease is more appropriate. This will reduce the
toxic effects of certain combinations and even
allow for treatment-free periods. We, therefore,
recommend that patients be treated with either
a lenalidomide- or bortezomib-based approach
but that combining lenalidomide and bortezo-
mib is not justified. Lenalidomide—low-dose
dexamethasone is preferred when using lena-
lidomide, and cyclophosphamide-bortezomib-
dexamethasone in a weekly regimen is preferred
when using bortezomib. A weekly approach has
been shown to be as efficacious as a twice-
weekly approach but with reduced neuropathy
and increased convenience.””> The suggested
dosing strategy consists of cyclophosphamide,
300 mg/m? orally; bortezomib, 1.5 mg/m? intra-
venously or subcutaneously; and dexametha-
sone, 40 mg orally.

Both strategies have excellent RRs, are well
tolerated, and can be used in advance of stem
cell collection. The selection of either regimen

depends on factors such as renal insufficiency
(cyclophosphamide-bortezomib-dexamethasone
is preferred at present until lenalidomide dos-
ing is clarified), patient convenience (oral lena-
lidomide requires less frequent physician visits),
and financial considerations. Indeed, in a com-
parison of 3 strategies at Mayo Clinic (lenalido-
mide-dexamethasone, cyclophosphamide-lena-
lidomide-dexamethasone, and cyclophospha-
mide-bortezomib-dexamethasone), cyclophos-
phamide-bortezomib-dexamethasone demon-
strated superior RRs but more neuropathy;
80% of patients in all 3 groups were alive at
4 years.*°

Recommendation: Patients with standard-
risk MM eligible for transplant should undergo
induction therapy with lenalidomide—low-
dose dexamethasone or cyclophosphamide-
bortezomib-dexamethasone followed by ASCT.

Level of evidence: 1-111

Grade: A

We recommend approximately 4 cycles of
therapy followed by ASCT, assuming there
has been a response to therapy, usually defined
by at least a minor response, although most
often a PR is achieved. If the patient is being
treated with lenalidomide—low-dose dexa-
methasone, he or she may opt to delay trans-
plant as discussed previously herein, but stem
cell collection should be performed before pro-
longed exposure to lenalidomide (preferably
<4 cycles).

Recommendation: Patients treated with
lenalidomide—low-dose dexamethasone with
at least a PR may have stem cells collected
but delay ASCT.

Level of evidence: 111

Grade: B

Intermediate Risk

One of the most common cytogenetic abnormal-
ities in MM 1is t(4;14). Historically considered a
high-risk feature, we now consider it intermedi-
ate risk by virtue of the longer-term outcomes of
patients treated with modern agents. Similarly,
deletion 13 has long been considered an adverse
prognostic marker. When detected on con-
ventional cytogenetic studies, it does, indeed,
portend a poorer prognosis, but if seen on
FISH, in the absence of hypodiploidy, it does
not retain its significance.”” Much work has
been done to understand the significance of these
cytogenetic findings, including discovery of
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the FGFR3 gene and its role in the cell cycle.®®
Importantly, repeated studies have found that
this adverse marker may be mostly overcome
with the use of bortezomib.**”"! We, therefore,
suggest a strategy that includes bortezomib in in-
duction therapy, preferably cyclophosphamide-
bortezomib-dexamethasone, followed by ASCT.
As discussed later herein, owing to the known
shortened PFS after ASCT,”?> we recommend
consolidation/maintenance therapy for a mini-
mum of 1 year after ASCT.

Recommendation: In intermediate-risk pa-
tients, use a bortezomib-based regimen as in-
duction therapy before ASCT.

Level of evidence: 11

Grade: B

Recommendation: In intermediate-risk pa-
tients, use a bortezomib-based therapy for 1
year after ASCT.

Level of evidence: 111

Grade: B

High Risk

Nearly 20% of patients with MM have high-risk
disease as defined in Table 4. These patients
have characteristically followed 2 major pat-
terns: poorly responsive or resistant disease at
first therapy or, in contrast, very responsive dis-
ease initially but with a very short disease-free
period before relapse. Furthermore, these pa-
tients often have remitting, aggressive relapses
with rapidly growing disease and features such
as extramedullary disease and plasma cell leuke-
mia. Itis apparent, therefore, that a more aggres-
sive approach to therapy, including more
chemotherapy and for longer periods, is indi-
cated in this group, with the intent of prolonging
survival and enhancing quality of life. Asaresult,
we recommend the combination of an IMiD and
a proteasome inhibitor as initial therapy with
bortezomib-lenalidomide-dexamethasone, fol-
lowed by consolidation with ASCT, especially
when a patient has not achieved a deep response
with induction therapy. This method will also
initially spare the patient exposure to the
toxic effects of more traditional combination
chemotherapy.

Recommendation: In high-risk patients, use
bortezomib-lenalidomide-dexamethasone as in-
duction therapy before ASCT.

Level of evidence: 11

Grade: B/C

MAYO CLINIC PROCEEDINGS

Owing to the known shortened PFS after
transplant in patients with high-risk disease, we
recommend the use of maintenance therapy.
Furthermore, relapse may be rapid, hard to pre-
dict, and difficult to control if not treated imme-
diately. Increasing evidence exists for bortezomib
and lenalidomide in this population. When bor-
tezomib was added to long-term therapy in pa-
tients with high-risk MM by virtue of the p53
deletion, PFS and OS rates were improved.”
This has been the only study specifically report-
ing OS improvement in high-risk patients with a
maintenance strategy. Furthermore, in the
recently published trials of lenalidomide mainte-
nance therapy reporting prolonged PFS’*" and
0S,” there seemed to be no less improvement in
patients with high-risk disease. Indeed, in the
Intergroupe Francophone du Myelome study,
all the patients were given lenalidomide consoli-
dation; perhaps this may have been a contrib-
uting factor to the lack of OS advantage, raising
the question that perhaps enhanced consolida-
tion therapy can be an option as opposed to pro-
longed maintenance therapy. This may also
reduce the long-term toxic effects of long-term
lenalidomide use. We, therefore, recommend
that in this highest-risk population, the agents
be combined as consolidation and longer-term
therapy. With shortened OS in this group, the
cost and risks of continuous therapy are likely
outweighed by the PFS and OS benefits.

Recommendation: In high-risk patients,
continue bortezomib-lenalidomide-dexametha-
sone maintenance therapy for a minimum of
1 year after ASCT.

Level of evidence: 111

Grade: B

Important Trends in Transplant-Eligible
Patients

In addition to the trials noted previously here-
in, certain trends are apparent in the care of
MM that may influence therapeutic selection:

1. A CRis not necessarily the primary goal. It is
generally accepted that depth of response is
important and may generally predict duration
of response. However, as noted previously
herein, in higher-risk patients in particular,
achievement of a CR is not sufficient. Indeed,
the Arkansas experience has found that a
shortened CR duration due to relapse may be
one of the strongest prognostic factors for
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poor long-term outcomes. Remember that
response is as much a function of disease
biology as it is a function of selected treatment
and that patients who have a bad-prognosis
disease and achieve a CR continue to relapse
quickly and do not fare well.”®

2. Increasing use of consolidation strategies.
With the introduction of less toxic and more
convenient agents in MM, the total volume
of therapy delivered to patients in general
has increased. This has taken the form of
longer induction, more consolidation, and
prolonged maintenance therapy. As noted
previously herein, with some of the toxicity
concerns related to indefinite maintenance
therapy, more attention has to be given to
increasing consolidation therapy. Its exact
effect on long-term outcomes and standard
of care is not yet known.

3. Limited use of allogeneic stem cell trans-
plant. Despite the reduction in treatment-
related mortality with this modality, short-
and long-term risks remain significant, and
outcomes remain disappointing. With en-
hanced and increased numbers of novel
agents available, allogeneic stem cell trans-
plant will likely play a small role in myeloma
therapy, likely only for younger patients
who have high-risk disease and demonstrate
rapidly relapsing disease. We do not
routinely recommend allogeneic stem cell
transplant in patients with MM unless they
meet the previous criteria.

4. The role of ASCT in all eligible patients.
Although ASCT remains the standard of care
in MM, as noted previously herein, this has
been questioned in light of newer, less toxic,
and possibly less costly therapies with novel
agents such as thalidomide, bortezomib,
lenalidomide, and carfilzomib. A prospective,
randomized, international trial is seeking to
answer this question, comparing prolonged
bortezomib-lenalidomide-dexamethasone
therapy with ASCT. Until there is clear evi-
dence to change practice, we continue to
recommend ASCT.

MAINTENANCE THERAPY

Maintenance therapy is perhaps the most
controversial topic in the care of patients with
MM. Historically, this has been attempted with
corticosteroids, interferon, and thalidomide.

The PFS, but not OS, was often prolonged and
was frequently accompanied by significant
morbidity and high discontinuation rates.”” "’
The recently published Medical Research Coun-
cil study reported differences in patients with
favorable (prolonged PFS but not OS) and unfa-
vorable (no prolongation of PFS and worse OS)
cytogenetic characteristics.®° A meta-analysis
performed with this study reported a potential
late OS benefit, but this has not been adopted
into practice owing to toxic effects and the mar-
ginal benefit.

With the use of lenalidomide as a more
tolerable IMiD, maintenance therapy with lena-
lidomide has been explored extensively. Three
important studies evaluating the role of mainte-
nance therapy were recently published.”*">5!
Two studies evaluated the role of maintenance
lenalidomide therapy in patients after ASCT
compared with placebo, and the third evaluated
extended-use lenalidomide in older patients
initially treated with melphalan-based regimens.
The 2 ASCT studies found, as expected, pro-
longed PFS after ASCT of approximately 20
months in favor of lenalidomide over placebo.
The French trial, which provided 2 months of
consolidation lenalidomide for all patients
before randomization to receive lenalidomide
vs placebo, did not report an OS advantage,
but a modest OS rate was seen in the US trial.
This has led to more widespread use of mainte-
nance therapy, including a National Compre-
hensive Cancer Network recommendation for
its use in certain patients after ASCT.®*

However, caution must be exerted in light
of several considerations:

1. Increased risk of secondary primary ma-
lignancies (SPMs). Both posttransplant
studies report an increased risk of SPMs in
patients treated with lenalidomide. This is
not an unknown phenomenon in MM, as it
has been reported previously with thalido-
mide and after ASCT. Although the abso-
lute risk remains low, SPMs remain a
concern and should be considered when
selecting maintenance therapy.

2. Patients who were not responding to lena-
lidomide therapy, or those who had not at
least achieved stable disease after ASCT,
would not have been eligible for the trial.
There are few data on these patients re-
garding maintenance therapy.
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3. Other toxic effects may be apparent, although
lenalidomide is generally well tolerated and its
use led to only a 16% discontinuation rate;
myelosuppresion, fatigue, and chronic diar-
rhea may occur with prolonged use.

4. Attention to cost will inevitably be a greater
consideration in cancer care in the years to
come. This is a rather expensive strategy,
and the cost to the patient and the health
care system should be considered.

5. Patients may have been undertreated in
the placebo arm in the US study.”” When
there was a recommended unblinding and
crossover at a median of 18 months of
follow-up, patients were administered the
maintenance dose of lenalidomide, which
is half the normal dose. The fact that this
dose did not maintain the status of these
patients who were getting close to relapse
(median time to relapse after ASCT is 18-
22 months) would not be surprising.

6. Prolonged PES is seen in many patients with
MM; 50% of patients with myeloma stay free
of progression for up to 2 years or more.
Paradoxically, many of these patients have
not even achieved a complete response (CR),
albeit often a very good PR, and they may
have been “restored to an MGUS state.”®
These patients may benefit most from a
“watch-and-wait” strategy, with institution
of therapy at the time of relapse, with a
preserved quality of life without therapy.

With these and other caveats (such as select-
ing for a more resistant disease by prolonged
exposure) in mind, we recommend that mainte-
nance therapy be discussed as an option in
standard-risk patients but not mandated for
all. Future studies may further elucidate which
groups may and may not benefit from lenalido-
mide maintenance therapy. Furthermore, with
the risks of SPMs, it has been generally recom-
mended that maintenance therapy be discon-
tinued at 2 years.®*

Many studies are now evaluating the po-
tential role of bortezomib maintenance ther-
apy in patients after ASCT.®> Early data seem
to show some benefit, but it is too early to
conclude whether bortezomib has a definitive
role in standard-risk patients, and, therefore, it
cannot yet be routinely recommended.

Although thalidomide maintenance ther-
apy clearly results in worsening quality-of-life

MAYO CLINIC PROCEEDINGS

variables, little work has been completed on
the impact of lenalidomide and bortezomib
on a patient’s quality of life, but this kind of
evaluation is more commonly being included
in prospective clinical trials.

Recommendation: Consider lenalidomide
maintenance therapy in patients after ASCT
for a maximum of 2 years.

Level of evidence: 1

Grade: A

TRANSPLANT-INELIGIBLE PATIENTS

Most patients older than 70 years or with sig-
nificant comorbid illness will not be treated
with high-dose therapy and stem cell support.
Historically, patients in this category were
treated for up to 1 year with melphalan-
prednisone, with only a very small proportion
achieving a CR or a prolonged disease-free
state. With the introduction of new therapies,
however, each has been sequentially added
to melphalan-prednisone with increasing
benefit:

1. Melphalan-prednisone-thalidomide.  Six
randomized trials have now compared
melphalan-prednisone-thalidomide with
melphalan-prednisone *°! Al the trials
reported improved RRs, 4 found prolonga-
tion of PFS, and there was an OS advantage
in 2. These trials have been summarized in 2
meta-analyses, both concluding the superi-
ority of melphalan-prednisone-thalidomide
over melphalan-prednisone.”*> However,
there are increased toxic effects with this
regimen, especially in elderly patients, as
evidenced by grade 3 or 4 adverse events
occurring in 55% of patients compared with
22% with melphalan-prednisone. Despite
these caveats, and with careful attention
to adverse effects, melphalan-prednisone-
thalidomide can be delivered to most
transplant-ineligible patients and has be-
come an international standard of care.

2. Melphalan-prednisone-bortezomib. A large
phase 3 trial evaluated the efficacy of
melphalan-prednisone-bortezomib  over
melphalan-prednisone and found an OS
advantage in favor of the former.” This has
also become an international standard of
care, although less so in the United States,
partly owing to a trend toward reduced use
of melphalan in upfront therapy, resulting

Mayo Clin Proc. ® April 2013;88(4):360-376 ® http://dx.doi.org/10.1016/j.mayocp.2013.01.019

www mayoek e HTEIFve.cn

i

370 Cﬁm_


http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

MYELOMA MSMART 2013

in greater use of bortezomib and cortico-
steroids, often in a weekly manner.

3. Bortezomib-thalidomide-prednisone. Com-
pared with bortezomib-melphalan-predni-
sone, this regimen surprisingly did not show
an advantage in RRs or outcomes.”" This
combination may be more difficult to tolerate
in the elderly, yet using a similar strategy of
replacing prednisone with dexamethasone
(bortezomib-thalidomide-dexamethasone) is
highly effective in younger patients.”* Neither
regimen is recommended by our group as
primary therapy except perhaps in the case of
a presentation with renal failure.

4. Melphalan-prednisone-lenalidomide. A recent
3-armed randomized trial of melphalan-pred-
nisone vs melphalan-prednisone-lenalido-
mide vs melphalan-prednisone-lenalidomide
with prolonged lenalidomide was conduct-
ed.®" There was no advantage to melphalan-
prednisone-lenalidomide over melphalan-
prednisone, with PFS of 14 and 13 months,
respectively. This finding may be due to the
dose reductions required with competing
toxic effects, namely, myelosuppression, that
lead to subtherapeutic dosing. However,
there was prolonged PFS in patients in the
melphalan-prednisone-lenalidomide with
prolonged lenalidomide arm (23 months),
suggesting that longer-term therapy with
lena-lidomide in elderly patients is feasible
and effective.

5. Lenalidomide—low-dose  dexamethasone.
As discussed in the transplant-eligible sec-
tion, this is a commonly used, highly effec-
tive, and minimally toxic regimen as in-
duction before ASCT; it has also been
repeatedly validated in relapsed MM.”>° It
has now become more used in the elderly
population as initial therapy also. An analysis
of lenalidomide—low-dose dexamethasone
vs lenalidomide—high-dose dexamethasone
in patients older than 65 years validated its
safety and efficacy, confirming its use in
each age group.”” A randomized trial of
melphalan-prednisone-thalidomide vs lena-
lidomide—low-dose dexamethasone has been
completed, but the results are pending.

As with transplant-eligible patients, our rec-
ommendations later herein are based on careful
evaluation of the available data. In this patient
population, one factor we took into account

was that in the United States (and many other
countries), the upper age limit for transplant is
flexible, often up to age 73 to 75 years. Thus,
the type of patients studied in the melphalan-
prednisone-bortezomib and melphalan-pred-
nisone-thalidomide trials is not representative of
the type of nontransplant patients seen in the
United States. Second, when choosing a triple
drug regimen, we are faced with having to choose
between melphalan-prednisone-thalidomide and
melphalan-prednisone-bortezomib for a given
patient. In this regard, we considered the matu-
rity of the data for melphalan-prednisone-
thalidomide (6 randomized trials, including
3 reporting survival benefit, and 2 meta-
analyses), and the data available in one of the trials
were restricted to patients 75 years and older.”*>
Finally, for standard-risk elderly patients, we also
factored in the convenience of oral administration
and the safety of 2-drug combinations.

Standard Risk

Standard-risk patients represent most patients
with MM, and selecting the appropriate therapy
is critical. Owing to the risk of adverse events
in elderly patients, combined with the prolonged
survival now seen with newer therapies, balancing
efficacy and toxicity is particularly important in
this group. As with transplant-eligible standard-
risk patients, we recommend a sequential ap-
proach, using sufficient therapy initially but
recognizing that other options will be available
later in the disease course. We, therefore, recom-
mend lenalidomide—low-dose dexamethasone as
the preferred treatment combination owing to its
tolerability and efficacy in this population. If the
regimen is tolerated well, it can be continued
beyond a year, with either dose reduction or elim-
ination of the dexamethasone. Extended use of
lower-dose lenalidomide has been prospectively
successful in the melphalan-prednisone-lena-
lidomide with prolonged lenalidomide strategy.
However, awareness of and monitoring for
SPMs is recommended.

The other recommended combination in this
group is melphalan-prednisone-thalidomide.
Neuropathy remains a concern but has been
somewhat decreased with lower dosing of thalid-
omide to 100 mg daily. Thalidomide is also asso-
ciated with thrombosis (as are the other IMiDs
lenalidomide and pomalidomide). The risk of
deep venous thrombosis (20% without prophy-
laxis) can be reduced with thromboprophylaxis,
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usually with aspirin or full anticoagulation in
higher-risk patients.

The exception to the previously mentioned
recommendation is in patients with renal insuf-
ficiency, in whom bortezomib-containing regi-
mens are recommended. The dosing of
lenalidomide in patients with renal insuffi-
ciency remains unclear and may soon be avail-
able through the PrECOG prospective phase
172 trial. Although dose reductions are not
necessary with thalidomide, the combination
of melphalan-prednisone-thalidomide may be
more difficult to tolerate in patients with renal
insufficiency. However, bortezomib has proved
its safety and efficacy in this population, in-
cluding in patients undergoing dialysis.”®"”

Recommendation: In standard-risk patients
ineligible for transplant, use lenalidomide—
low-dose dexamethasone continuously as ini-
tial therapy.

Level of evidence: 11

Grade: A

Recommendation: In standard-risk patients
ineligible for transplant, use melphalan-pred-
nisone-thalidomide as initial therapy for 1
year.

Level of evidence: 1

Grade: A

Recommendation: In standard-risk patients
ineligible for transplant with renal insuffi-
ciency, use a bortezomib-containing regimen
as initial therapy.

Level of evidence: 1

Grade: B

Intermediate Risk

As with transplant-eligible patients, the adverse
prognostic markers of t(4;14) and hypodiploi-
dy may be somewhat overcome with the use of
bortezomib-containing regimens. We recom-
mend, therefore, that bortezomib be used in
this population in a combination that will
reduce the risk of neuropathy, especially
because we recommend extended use. The 2
most commonly used and validated regimens
are melphalan-prednisone-bortezomib’® and
weekly cyclophosphamide-bortezomib-dexa-
methasone.®” The latter has the added feature
of a less myelosuppressive alkylating agent
that is well tolerated, especially when given
orally.'®® We recommend weekly bortezomib
use for both regimens owing to reduced neu-
ropathy and increased convenience.

MAYO CLINIC PROCEEDINGS

We also recommend that bortezomib
maintenance therapy be continued indefinitely
owing to the risk of shortened PFS. The exact
strategy is not known, but continuing bortezo-
mib use weekly or every other week has been
feasible.®’

Recommendation: In intermediate-risk pa-
tients ineligible for transplant, treat with
melphalan-prednisone-bortezomib as initial
therapy.

Level of evidence: 1

Grade: A

Recommendation: In intermediate-risk pa-
tients ineligible for transplant, treat with cyclo-
phosphamide-bortezomib-dexamethasone as
initial therapy.

Level of evidence: 11

Grade: B

Recommendation: In intermediate-risk pa-
tients ineligible for transplant, treat with bortez-
omib as maintenance therapy.

Level of evidence: 111

Grade: B

High Risk
This may be the most difficult group of patients
with MM to treat by virtue of their aggressive dis-
ease and the proven limitations of combination
therapies. However, we have seen an improve-
ment in OS in patients in this group owing to
continuous combination therapy. In the absence
of long-term prospectively validated regimens,
we recommend the most aggressive but feasible
regimen of bortezomib-lenalidomide-dexameth-
asone. We recommend beginning at full-dose
therapy, with dose modifications and reductions
based on tolerability and the achievement of a
CR. However, we recommend long-term indefi-
nite therapy with this combination owing to
known shortened PES when any regimen is dis-
continued and patients are off all therapy.™

Recommendation: In high-risk patients in-
eligible for transplant, treat initially with
bortezomib-lenalidomide-dexamethasone un-
til progression.

Level of evidence: 111

Grade: B

Important Trends in Transplant-Ineligible
Patients

1. Reduced use of melphalan as frontline ther-
apy. With the prolongation of OS in MM, a
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longer-term strategy must be used when
treating patients. When limited options
such as melphalan-prednisone existed, it
was standard to use melphalan-prednisone
initially, despite its known risk of leukemo-
genicity and myelosuppression. With several
options available with increased efficacy and
reduced toxicity, it is likely that fewer regi-
mens will use melphalan early in the treat-
ment course of MM.

2. Weekly instead of twice weekly bortezomib
use. Several studies have now used this
strategy to reduce neuropathy and retain
efficacy.®!%! Indeed, in the Italian study
using bortezomib-melphalan-prednisone vs
bortezomib-melphalan-prednisone-thalido-
mide, the weekly regimen was as effective,
resulted in similar dose delivery, but had
significantly reduced neuropathy.'®>

3. Subcutaneous vs intravenous delivery of
bortezomib. A prospective trial of subcu-
taneous vs intravenous bortezomib admin-
istration reported similar efficacy but
reduced neuropathy and thrombocytopenia
when given subcutaneously.'®” This led to
Food and Drug Administration approval of
this approach. It has also reduced “chair
time” in chemotherapy units by providing
patients a more convenient modality of
chemotherapy delivery.

4. Longer initial therapy. Historically, with
limited efficacy of melphalan-prednisone and
its known marrow effects, most patients
received 6 to 8 months of therapy, and very
rarely more than 1 year. With current agents,
the length of initial therapy has been pro-
longed, with many patients being treated with
IMiDs or proteasome inhibitors (possibly at a
reduced dose or frequency) indefinitely.

THE FUTURE OF MM

The pace of progress in MM management is stag-
gering, with an innumerable list of agents being
tested in phase 1 and 2 trials. The novel irrevers-
ible proteasome antagonist carfilzomib was
recently Food and Drug Administration ap-
proved for use in relapsed MM'®* and with
increasing evidence will likely be used as upfront
therapy in the near future.'%>'% Other therapies
being evaluated include the novel IMiD pomali-
domide'’” and the oral proteasome inhibitor
MILN 9708.'%® Other mechanisms of therapy
are also being explored, such as monoclonal

antibodies, AKT inhibitors, aurora kinase inhib-
itors, vaccines, and many others. These are very
much likely to further extend OS in MM and do
so with fewer toxic effects.

CONCLUSION

The treatment of MM remains complex, with
multiple conventional and novel therapies avail-
able to the clinician. However, this consensus
statement provides a risk-stratified, evidence-
based, and clinically practical approach to the
treatment of patients with this as yet incurable
disease.

Abbreviations and Acronyms: ASCT = autologous stem
cell transplantation; CR = complete response; CRAB = el-
evated calcium, renal insufficiency, anemia, bone disease;
FISH = fluorescence in situ hybridization; GEP = gene ex-
pression profiling IMiD = immunomodulatory drug; MGUS =
monoclonal gammopathy of undetermined significance;
MM = multiple myeloma; MRI = magnetic resonance imag-
ingg MSMART = Mayo Stratification of Myeloma and Risk-
Adapted Therapy; 0S = overall survival; PET = positron
emission tomography; PFS = progression-free survival, PR =
partial response; RR = response rate; SPM = secondary
primary malignancy

Affiliations (Continued from the first page of this
article.): Oncology, Immanuel St. Joseph’s Mayo Health Sys-
tem, Mankato, MN (R).D.).

Potential Competing Interests: Dr Mikhael has received
research funding from Onyx and Celgene. Dr Dispenzieri
has received research funding from Celgene, Millenium,
and Janssen. Dr Fonseca has received honoraria from Med-
tronic, Otsuka, Celgene, Genzyme, BMS, Lilly, Onyx, Binding
Site, Millennium, and Amgen and research funding from
Cylene and Onyx. Dr Kyle has received honoraria from
Binding Site. Dr Kumar has received research funding from
Celgene, Millennium, Abbott, Genzyme, Cephalon, and
Onyx. Dr Bergsagel has received honoraria from Onyx.
Dr Gertz has received honoraria from Celgene and Millen-
nium. Dr Stewart has received honoraria from Celgene and
Millennium and research funding from Onyx and Millenium.
Dr Lacy has received research funding from Celgene.

Correspondence: Address to Joseph R. Mikhael, MD, Divi-
sion of Hematology/Oncology, Mayo Clinic, 13400 E Shea
Blvd, Scottsdale, AZ 85259 (Mikhael,joseph@mayo.edu).

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics 2012. CA
Cancer | Clin. 2012;62(1):10-29.

2. Kyle RA, Rajkumar SV. Multiple myeloma. Blood. 2008;1 | | (6):
2962-2972.

3. Landgren O, Gridley G, Turesson |, et al. Risk of monoclonal
gammopathy of undetermined significance (MGUS) and sub-
sequent multiple myeloma among African American and
white veterans in the United States. Blood. 2006;107(3):
904-906.

Mz ) 2013;88(4):360-376 m http://dx.doi.org/10.1016/j.mayocp.2013.01.019
wy l ) ﬁ]ﬁ tﬁ 1gs.org

373
www.medlive.cn


mailto:Mikhael.joseph@mayo.edu
http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

374

20.

21.

22.

23.

24.

Kyle RA, Themeau TM, Rajkumar SV, et al. A long-term study
of prognosis in monoclonal gammopathy of undetermined
significance. N Engl | Med. 2002;346(8):564-569.

Kyle RA, Remstein ED, Themeau TM, et al. Clinical course
and prognosis of smoldering (asymptomatic) multiple
myeloma. N Engl | Med. 2007;356(25):2582-2590.

Kyle RA, Durie BG, Rajkumar SV, et al. Monoclonal gammop-
athy of undetermined significance (MGUS) and smoldering
(asymptomatic) multiple myeloma: IMWG consensus per-
spectives risk factors for progression and guidelines for moni-
toring and management. Leukemia. 2010;24(6):1121-1127.
International Myeloma Working Group. Criteria for the classi-
fication of monoclonal gammopathies, multiple myeloma and
related disorders: a report of the International Myeloma
Working Group. Br | Haematol. 2003;121(5):749-757.
Kumar SK, Rajkumar SV, Dispenzieri A, et al. Improved survival
in multiple myeloma and the impact of novel therapies. Blood.
2008;1 11(5):2516-2520.

Fonseca R. Many and multiple myeloma(s). Leukemia. 2003;
17(10):1943-1944.

Bergsagel PL, Kuehl WM. Molecular pathogenesis and a conse-
quent classification of multiple myeloma. | Clin Oncol. 2005;
23(26):6333-6338.

. Chapman MA, Lawrence MS, Keats JJ, et al. Initial genome

sequencing and analysis of multiple myeloma. Nature. 201 I;
471(7339):467-472.

Keats JJ, Fonseca R, Chesi M, et al. Promiscuous mutations acti-
vate the noncanonical NF-kB pathway in multiple myeloma.
Cancer Cell. 2007;12(2):131-144.

Tricot G. New insights into role of microenvironment in mul-
tiple myeloma. Lancet. 2000;355(9200):248-250.

Stewart AK, Bergsagel PL, Greipp PR, et al. A practical guide to
defining high-risk myeloma for clinical trials, patient counseling
and choice of therapy. Leukemia. 2007;21(3):529-534.
Fonseca R, Barlogie B, Bataille R, et al. Genetics and cytoge-
netics of multiple myeloma: a workshop report. Cancer Res.
2004,64(4):1546-1558.

Dispenzieri A, Rajkumar SV, Gertz MA, et al. Treatment of
newly diagnosed multiple myeloma based on Mayo Stratifica-
tion of Myeloma and Risk-adapted Therapy (mSMART):
consensus statement. Mayo Clin Proc. 2007,82(3):323-341.
Kumar SK, Mikhael JR, Buadi FK; et al. Management of newly
diagnosed symptomatic multiple myeloma: updated Mayo
Stratification of Myeloma and Risk-Adapted Therapy
(MSMART) Consensus Guidelines. Mayo Clin Proc. 2009;
84(12):1095-1110.

Bird JM, Owen RG, D'Sa S, et al. Guidelines for the diagnosis
and management of multiple myeloma 201 |. Br | Haematol.
2011;154(1):32-75.

Rajkumar SV, Larson D, Kyle RA. Diagnosis of smoldering mul-
tiple myeloma [letter]. N Engl | Med. 201 1;365(5):474-475.
Larsen JT, Kumar SK, Dispenzieri A, Kyle RA, Katzmann JA,
Rajkumar SV. Serum free light chain ratio as a biomarker for
high-risk smoldering multiple myeloma [published online
October 16, 2012]. Leukemia. http://dx.doi.org/10.1038/leu.
2012.296.

Dimopoulos M, Terpos E, Comenzo RL, et al. Intemational
Myeloma Working Group consensus statement and guide-
lines regarding the current role of imaging techniques in the
diagnosis and monitoring of multiple myeloma. Leukemia.
2009;23(9):1545-1556.

Durie BG, Salmon SE, Moon TE. Pretreatment tumor mass,
cell kinetics, and prognosis in multiple myeloma. Blood.
1980;,55(3):364-372.

Greipp PR, San Miguel ], Durie BG, et al. Intemational staging
system for multiple myeloma. J Clin Oncol. 2005;23(15):3412-
3420.

Fonseca R, Bergsagel PL, Drach J, et al. International Myeloma
Working Group molecular classification of multiple myeloma:
spotlight review. Leukemia. 2009;23(12):2210-2221.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41,

42,

MAYO CLINIC PROCEEDINGS

Munshi NC, Anderson KC, Bergsagel PL, et al. Consensus rec-
ommendations for risk stratification in multiple myeloma:
report of the International Myeloma Workshop Consensus
Panel 2. Blood. 201 1;117(18):4696-4700.

Avet-Loiseau H, Attal M, Moreau P, et al. Genetic abnormal-
ities and survival in multiple myeloma: the experience of the
Intergroupe Francophone du Myelome. Blood. 2007;109(8):
3489-3495.

Fonseca R, Blood E, Rue M, et al. Clinical and biologic implica-
tions of recurrent genomic aberrations in myeloma. Blood.
2003;101(11):4569-4575.

Keats JJ, Reiman T, Maxwell CA, et al. In multiple myeloma, t(4;
I14)(p16,q32) is an adverse prognostic factor irrespective of
FGFR3 expression. Blood. 2003;101(4):1520-1529.

Gertz MA, Lacy MQ, Dispenzieri A, et al. Clinical implications
of t(I11;14)(q13,932), t(4;14)(pl6 3 g32) and -17pI3 in
myeloma patients treated with high-dose therapy. Blood.
2005;106(8):2837-2840.

Chng W/, Kuehl WM, Bergsagel PL, Fonseca R. Transloca-
tion t(4;14) retains prognostic significance even in the
setting of high-risk molecular signature [published correction
appears in Leukemia. 2008;22(2):462]. Leukemia. 2008;
22(2):459-461.

Fonseca R, Debes-Marun CS, Picken EB, et al. The recurrent
IgH translocations are highly associated with nonhyperdiploid
variant multiple myeloma. Blood. 2003;102(7):2562-2567.
Chng W), Kumar S, Vanwier S, et al. Molecular dissection of
hyperdiploid multiple myeloma by gene expression profiling.
Cancer Res. 2007;67(7):2982-2989.

Chang H, Sloan S, Li D, et al. The t(4;14) is associated with
poor prognosis in myeloma patients undergoing autologous
stem cell transplant. Br | Haematol. 2004;125(1):64-68.
Avet-Loiseau H, Facon T, Grosbois B, et al. Oncogenesis of
multiple myeloma: 14932 and 13q chromosomal abnormal-
ities are not randomly distributed, but correlate with natural
history, immunological features, and clinical presentation.
Blood. 2002;99(6):2185-2191.

. Tricot G, Barlogie B, Jagannath S, et al. Poor prognosis in multiple

myeloma is associated only with partial or complete deletions of
chromosome |3 or abnormalities involving | Iq and not with
other karyotype abnormalities. Blood. 1995;86(1 1):4250-4256.
Chiecchio L, Protheroe RK, Ibrahim AH, et al. Deletion of
chromosome |3 detected by conventional cytogenetics is a
critical prognostic factor in myeloma. Leukemia. 2006;20(9):
1610-1617.

Chang H, Qi C, Yi QL, Reece D, Stewart AK. p53 Gene dele-
tion detected by fluorescence in situ hybridization is an
adverse prognostic factor for patients with multiple myeloma
following autologous stem cell transplantation. Blood. 2005;
105(1):358-360.

Tiedemann RE, Gonzalez-Paz N, Kyle RA, et al. Genetic aber-
rations and survival in plasma cell leukemia. Leukemia. 2008;
22(5):1044-1052.

Shaughnessy JD Jr, Zhan F, Burington BE, Huang Y, Colla S,
Hanamura |. A validated gene expression model of high-risk
multiple myeloma is defined by deregulated expression of
genes mapping to chromosome |. Blood. 2007;109(6):2276-
2284.

Fonseca R, Van Wier SA, Chng W], et al. Prognostic value of
chromosome 1q21 gain by fluorescent in situ hybridization
and increase CKSIB expression in myeloma. Leukemia.
2006;20(1 1):2034-2040.

Kumar S, Fonseca R, Ketterling RP, et al. Trisomies in multiple
myeloma: impact on survival in patients with high-risk cytoge-
netics. Blood. 2012;119(9):2100-2105.

Varettoni M, Corso A, Pica G, Mangiacavalli S, Pascutto C,
Lazzarino M. Incidence, presenting features and outcome of
extramedullary disease in multiple myeloma: a longitudinal
study on 1003 consecutive patients. Ann Oncol. 2009;21(2):
325-330.

Mayo Clin Proc. ® April 2013;88(4):360-376 ® http://dx.doi.org/10.1016/j.mayocp.2013.01.019

www.mEVOWWW?f‘?j{‘éﬁ dfive.cn


http://dx.doi.org/10.1038/leu.2012.296
http://dx.doi.org/10.1038/leu.2012.296
http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

MYELOMA MSMART 2013

45,

46.
47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

w CE R =

Detweiler Short K, Rajkumar SV, Larson D. Incidence of extra-
medullary disease in patients with multiple myeloma in the era
of novel therapy, and the activity of pomalidomide on extra-
medullary myeloma. Leukemia. 201 1;25(6):906-908.

. Avet-Loiseau H, Attal M, Campion L, et al. Long-term analysis

of the IFM 99 trials for myeloma: cytogenetic abnormalities
[t(4;14), del(17p), Iq gains] play a major role in defining
long-term survival. | Clin Oncol. 2012;30(16):1949-1952.
Mateos MV, Guiterrez NC, Martin-Ramos ML, et al. Outcome
according to cytogenetic abnormalities and DNA ploidy in
myeloma patients receiving short induction with weekly bor-
tezomib followed by maintenance. Blood. 201 |;118(17):4547-
4553.

Kumar J, Uno H, Jacobus S, et al. Impact of gene expression
profiling-based risk stratification in patients with myeloma
receiving initial therapy with lenalidomide and dexametha-
sone. Blood. 201 1;118(16):4359-4362.

Avet-Loiseau H, Leleu X, Roussel M, et al. Bortezomib plus
dexamethasone induction improves outcome of patients
with t(4;14) myeloma but not outcome of patients with
del(17p). J Clin Oncol. 2010;28(30):4630-4634.

Ross FM, Chiecchio L, Dagrada G, et al. The t(14;20) is a poor
prognostic factor in myeloma but is associated with long-term
stable disease in monoclonal gammopathies of undetermined
significance. Haematologia. 2010;95(7):1221-1225.

Badros A. In the age of novel therapies, what defines high-risk
muttiple myeloma? | Natl Compr Canc Netw. 2010;8(suppl! I):
$28-534.

Attal M, Harousseau JL, Stoppa AM, et al. A prospective, ran-
domized trial of autologous bone marrow transplantation and
chemotherapy in multiple myeloma: Intergroupe Francais du
Myelome. N Engl | Med. 1996,335(2):91-97.

Child JA, Morgan GJ, Davies FE, et al. High-dose chemo-
therapy with hematopoietic stem-cell rescue for multiple
myeloma. N Engl | Med. 2003;348(19):1875-1883.

Gertz MA, Ansell SM, Dingli D, et al. Autologous stem cell
transplant in 716 patients with multiple myeloma: low
treatment-related mortality, feasibility of outpatient transplant,
and effect of a multidisciplinary quality initiative. Mayo Clin Proc.
2008;83(10):1 131-1138.

Fermand JP, Katsahian S, Divine M, et al. High-dose therapy
and autologous blood stem-cell transplantation compared
with conventional treatment in myeloma patients aged 55
to 65 years: long-term results of a randomized control trial
from the Group Myelome-Autogreffe. | Clin Oncol. 2005;
23(36):9227-9233.

Fermand JP, Ravaud P, Chevret S, et al. High-dose therapy and
autologous peripheral blood stem cell transplantation in mul-
tiple myeloma: up-front or rescue treatment? results of a
multicenter sequential randomized clinical trial. Blood. 1998;
92(9):3131-3136.

Barlogie B, Kyle RA, Anderson KC, et al. Standard chemo-
therapy compared with high-dose chemoradiotherapy for
multiple myeloma: final results of phase Il US Intergroup Trial
$9321. J Clin Oncol. 2006;24(6):929-936.

Blade J, Rosinol L, Sureda A, et al. High-dose therapy intensi-
fication compared with continued standard chemotherapy in
multiple myeloma patients responding to the initial chemo-
therapy: long-term results from a prospective randomized trial
from the Spanish cooperative group PETHEMA. Blood. 2005;
106(12):3755-3759.

Kumar SK, Lacy MQ, Dispenzieri A, et al. Early versus delayed
autologous transplantation after immunomodulatory agents-
based induction therapy in patients with newly diagnosed mul-
tiple myeloma. Cancer. 2012;118(6):1585-1592.

Rajkumar SV, Jacobus S, Callander NS, et al. Lenalidomide plus
high-dose dexamethasone versus lenalidomide plus low-dose
dexamethasone as initial therapy for newly diagnosed multiple
myeloma: an open-label randomised controlled trial. Lancet
Oncol. 2010;11(1):29-37.

59.

60.

61.

62.

63.

64,

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Harousseau JL, Attal M, Avet-Loiseau H, et al. Bortezomib plus
dexamethasone is superior to vincristine plus doxorubicin plus
dexamethasone as induction treatment prior to autologous
stem-cell transplantation in newly diagnosed multiple
myeloma: results of the IFM 2005-01 phase lll trial. / Clin Oncol.
2010;28(30):4621-4629.

Cavo M, Tacchetti P, Patriarca F, et al. Bortezomib with thalid-
omide plus dexamethasone compared with thalidomide plus
dexamethasone as induction therapy before, and consolida-
tion therapy after, double autologous stem-cell transplantation
in newly diagnosed multiple myeloma: a randomised phase 3
study. Lancet. 2010;376(9758):2075-2085.

Moreau P, Avet-Loiseau H, Facon T, et al. Bortezomib plus
dexamethasone versus reduced-dose bortezomib, thalido-
mide plus dexamethasone as induction treatment before
autologous stem cell transplantation in newly diagnosed mul-
tiple myeloma. Blood. 201 I;118(22):5752-5758.

Reeder CB, Reece DE, Kukreti V, et al. Cyclophosphamide,
bortezomib and dexamethasone induction for newly diag-
nosed multiple myeloma: high response rates in a phase Il clin-
ical trial. Leukemia. 2009;23(7):1337-1341.

Kumar S, Flinn |, Richardson PG, et al. Randomized, multi-
center, phase 2 study (EVOLUTION) of combinations of
bortezomib, dexamethasone, cyclophosphamide, and lenalid-
omide in previously untreated multiple myeloma. Blood.
2012;119(19):4375-4382.

Richardson PG, Weller E, Lonial S, et al. Lenalidomide, bortez-
omib, and dexamethasone combination therapy in patients
with newly diagnosed multiple myeloma. Blood. 2010;116(5):
679-686.

Reeder CB, Reece DE, Kukreti V, et al. Once versus twice-
weekly bortezomib induction therapy with CyBorD in newly
diagnosed multiple myeloma. Blood. 2010;1 15(16):3416-3417.
Khan ML, Reeder CB, Kumar SK, et al. A comparison of lena-
lidomide/dexamethasone versus cyclophosphamide/lenalido-
mide/dexamethasone versus cyclophosphamide/bortezomib/
dexamethasone in newly diagnosed multiple myeloma. Br J
Haematol. 2012;156(3):326-333.

Chiecchio L, Protheroe RK, Ibrahim AH, et al. Deletion of
chromosome |3 detected by conventional cytogenetics is a
critical prognostic factor in myeloma. Leukemia. 2006;20(9):
1610-1617.

Bergsagel PL, Kuehl WM, Zhan F, et al. Cyclin D dysregulation:
an early and unifying pathogenic event in multiple myeloma.
Blood. 2005;106(1):296-303.

Jagannath S, Richardson PG, Sonneveld P, et al. Bortezomib
appears to overcome the poor prognosis conferred by chro-
mosome |3 deletion in phase 2 and 3 trials. Leukemia. 2007,
21(1):151-157.

San Miguel JF, Schlag R, Khuageva NK; et al. Bortezomib plus
melphalan and prednisone for initial treatment of multiple
myeloma. N Engl | Med. 2008;359(9):906-917.

MV, Oriol A, Martinez-Lopez ]. Bortezomib/
melphalan/prednisone  (VMP) versus Bortezomib/Thalido-
mide/Prednisone (VTP) as induction therapy followed by
maintenance treatment with Bortezomib/Thalidomide (VT)
versus Bortezomib/Prednisone (VP): a randomised trial in
elderly untreated patients with multiple myeloma older than
65 years. Lancet Oncol. 2010;11(10):934-941.

Jaksic W, Trudel S, Chang H, et al. Clinical outcomes in t(4;14)
multiple myeloma: a chemotherapy-sensitive disease charac-
terized by rapid relapse and alkylating agent resistance. | Clin
Oncol. 23(28):7069-7073.

Neben K, Lokhorst HM, Jauch A. Administration of bortezo-
mib before and after autologous stem-cell transplantation im-
proves outcome in multiple myeloma patients with deletion
I7p. Blood. 2012;119(4):940-948.

Attal M, lauwers-Cances V, Marit G, et al. Lenalidomide main-
tenance after stem-cell transplantation for multiple myeloma.
N Engl | Med. 2012;366(19):1782-1791.

Mateos

2013:88(4):360-376 m http://dx.doi.org/10.1016/j.mayocp.2013.01.019

375
www.medlive.cn


http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

376

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

McCarthy P, Owzar K, Hofmeister C, et al. Lenalidomide after
stem-cell transplantation for multiple myeloma. N Engl | Med.
2012;366(19):1770-1781.

Hoering A, Crowley J, Shaughnessy JD Jr, et al. Complete
remission in multiple myeloma examined as time-dependent
variable in terms of both onset and duration in Total Therapy
protocols. Blood. 2009;1 14(7):1299-1305.

Cunningham D, Powles R, Malpas J, et al. A randomized trial of
maintenance interferon following high-dose chemotherapy in
multiple myeloma: long-term follow-up results. Br | Haematol.
1998:102(2):495-502.

Attal M, Harousseau L, Leyvraz S, et al. Maintenance therapy
with thalidomide improves survival in patients with multiple
myeloma. Blood. 2006;108(10):3289-3294.

Spencer A, Prince HM, Roberts AW, et al. Consolidation ther-
apy with low-dose thalidomide and prednisolone prolongs the
survival of multiple myeloma patients undergoing a single
autologous stem-cell transplantation procedure. | Clin Oncol.
2009;27(11):1788-1793.

Morgan GJ, Gregory WM, Davies FE, et al. The role of mainte-
nance thalidomide therapy in multiple myeloma: MRC
Myeloma IX results and meta-analysis. Blood. 201 2;1 19(1):4-15.
Palumbo A, Hajek R, Delforge M, et al. Continous lenalido-
mide treatment for newly diagnosed multiple myeloma.
N Engl | Med. 2012;366(19):1759-1769.

NCCN Multiple Myeloma Guidelines V.1. 2013. http://www.
ncen.org/professionals/drug_compendium/content/PDF/38_
5_22_2012.pdf. Accessed January 27, 2013.

Barlogie B, Crowley ). Could CR mean cure? Blood. 201 I;
118(3):483.

Rajkumar SV. Second to none. Blood. 2012;120(8):1537-1539.
Sonneveld P, Schmidt-Wolf IG, van der Holt B, et al. Bortezo-
mib induction and maintenance treatment in patients with
newly diagnosed multiple myeloma: results of the randomized
phase Il HOVON-65/GMMG-HD#4 trial. / Clin Oncol. 2012;
30(24):2946-2955.

Facon T, Mary JY, Hulin C, et al. Melphalan and prednisone
plus thalidomide versus melphalan and prednisone alone or
reduced-intensity autologous stem cell transplantation in
elderly patients with multiple myeloma (IFM 99-06): a ran-
domised trial. Lancet. 2007;370(9594):1209-1218.

Hulin C, Facon T, Rodon P, et al. Efficacy of melphalan and
prednisone plus thalidomide in patients older than 75 years
with newly diagnosed multiple myeloma: IFM 01/01 Trial.
J Clin Oncol. 2009;27(22):3664-3670.

Palumbo A, Bringhen S, Caravita T, et al. Oral melphalan and
prednisone chemotherapy plus thalidomide compared with
melphalan and prednisone alone in elderly patients with mul-
tiple myeloma: randomised controlled trial. Lancet. 2006;
367(9513):825-831.

Waage A, Gimsing P, Fayers P, et al. Melphalan and predni-
sone plus thalidomide or placebo in elderly patients with mul-
tiple myeloma. Blood. 2010;116(9):1405-1412.

Wijermans P, Schaafsma M, Termorshuizen F, etal. Phase ll study
of the value of thalidomide added to melphalan plus prednisone
in elderly patients with newly diagnosed multiple myeloma: the
HOVON 49 Study. | Clin Oncol. 2010;28(19):3160-3166.
Beksac M, Haznedar R, Firatli-Tuglular T, et al. Addition of
thalidomide to oral melphalan/prednisone in patients with
multiple myeloma not eligible for transplantation: results of
a randomized trial from the Turkish Myeloma Study Group.
Eur | Haematol. 201 1;86(1):16-22.

Kapoor P, Rajkumar SV, Dispenzieri A, et al. Melphalan and
prednisone versus melphalan, prednisone and thalidomide
for elderly and/or transplant ineligible patients with multiple
myeloma: a meta-analysis. Leukemia. 201 1;25(4):689-696.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

MAYO CLINIC PROCEEDINGS

Fayers PM, Palumbo A, Hulin C, et al. Thalidomide for previ-
ously untreated elderly patients with multiple myeloma: meta-
analysis of 1685 individual patient data from 6 randomized
clinical trials. Blood. 201 1;118(5):1239-1247.

Rosifiol L, Oriol A, Teruel Al. Superiority of bortezomib, thalid-
omide, and dexamethasone (VTD) as induction pretransplanta-
tion therapy in multiple myeloma: a randomized phase 3
PETHEMA/GEM study. Blood. 2012;120(8):1589-1596.
Weber DM, Chen C, Niesvizky R, et al; Multiple Myeloma
(009) Study Investigators. Lenalidomide plus dexamethasone
for relapsed multiple myeloma in North America. N Engl
Med. 2007;357(21):2133-2142.

Dimopoulos M, Spencer A, Attal M, et al. Lenalidomide plus
dexamethasone for relapsed or refractory multiple myeloma.
N Engl | Med. 2007,357(21):2123-2132.

Chanan-Khan AA, Lonial S, Weber D, etal. Lenalidomide in com-
bination with dexamethasone improves survival and time-to-
progression in patients >65 years old with relapsed or refractory
multiple myeloma. Int | Hematol. 2012;96(2):254-262.
Chanan-Khan AA, Kaufman JL, Mehta J, et al. Activity and
safety of bortezomib in multiple myeloma patients with
advanced renal failure: a multicenter retrospective study.
Blood. 2007;109(6):2604-2606.

Ludwig H, Drach J, Graf H, Lang A, Meran JG. Reversal of
acute renal failure by bortezomib-based chemotherapy in pa-
tients with multiple myeloma. Haematologica. 2007;92(10):
[411-1414.

Mikhael |R, Schuster SR, Jimenez-Zepeda VH, et al. Cyclo-
phosphamide-bortezomib-dexamethasone  (CyBorD) pro-
duces rapid and complete hematologic response in patients
with AL amyloidosis. Blood. 2012;1 19(19):4391-4394.
Bringhen S, Larocca A, Rossi D, et al. Efficacy and safety of
once-weekly bortezomib in multiple myeloma patients. Blood.
2010;116(23):4745-4753.

Palumbo A, Binghen S, Rossi D, et al. Bortezomib-melphalan-
prednisone-thalidomide  followed by maintenance with
bortezomib-thalidomide ~ compared ~ with  bortezomib-
melphalan-prednisone  for initial treatment of multiple
myeloma: a randomized controlled trial. | Clin Oncol. 2010;
28(34):5101-5109.

Moreau P, Pylypenko H, Grosicki S, et al. Subcutaneous versus
intravenous administration of bortezomib in patients with
relapsed multiple myeloma: a randomised, phase 3, non-
inferiority study. Lancet Oncol. 201 1;12(5):43 1-440.

Siegel D, Martin T, Wang M, et al. A phase 2 study of single-agent
carfilzomib (PX-171-003-Al) in patients with relapsed and re-
fractory multiple myeloma [published online July 25, 2012].
Blood. http://dx.doi.org/10.1182/blood-2012-05-425934.
Jakubowiak AJ, Dytfeld D, Griffith KA, et al. A phase 1/2 study
of carfilzomib in combination with lenalidomide and low-dose
dexamethasone as a frontline treatment for multiple
myeloma. Blood. 2012;120(9):1801-1809.

Mikhael J, Reeder C, Libby E, et al. A phase /Il trial of cyclo-
phosphamide, carfilzomib, thalidomide, and dexamethasone
(CYCLONE) in patients with newly diagnosed multiple
myeloma. | Clin Oncol. 2012;30(suppl):abstract 8010.

Lacy MQ, Allred B, Gertz, et al. Pomalidomide plus low-dose
dexamethasone in myeloma refractory to both bortezomib
and lenalidomide: comparison of 2 dosing strategies in dual-
refractory disease. Blood. 201 1;118(1 1):2970-2975.

Berdega LG, Richardson P, Lonial S, et al. Phase /2 study
of oral MLN9708, a novel, investigational proteasome
inhibitor,
methasone in patients with previously untreated mul-
tiple myeloma (MM) [abstract 479]. Blood. 2011;118(21):
223.

in combination with lenalidomide and dexa-

Mayo Clin Proc. ® April 2013;88(4):360-376 ® http://dx.doi.org/10.1016/j.mayocp.2013.01.019

www.mEVOWWW?f‘?j{‘éﬁ dfive.cn


http://www.nccn.org/professionals/drug_compendium/content/PDF/38_5_22_2012.pdf
http://www.nccn.org/professionals/drug_compendium/content/PDF/38_5_22_2012.pdf
http://www.nccn.org/professionals/drug_compendium/content/PDF/38_5_22_2012.pdf
http://dx.doi.org/10.1182/blood-2012-05-425934
http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.mayoclinicproceedings.org
www.medlive.cn

	Management of Newly Diagnosed Symptomatic Multiple Myeloma: Updated Mayo Stratification of Myeloma and Risk-Adapted Therapy ...
	Mayo Stratification of Myeloma and Risk-Adapted Therapy Guidelines
	Diagnosis and Initiation of Therapy
	Risk Stratification
	Initial Therapy
	Transplant-Eligible Patients
	Standard Risk
	Intermediate Risk
	High Risk
	Important Trends in Transplant-Eligible Patients

	Maintenance Therapy
	Transplant-Ineligible Patients
	Standard Risk
	Intermediate Risk
	High Risk
	Important Trends in Transplant-Ineligible Patients

	The Future of MM
	Conclusion
	References


