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ABSTRACT

The management of multiple myeloma has undergone pro-
found changes over the recent past as a result of advances
in our understanding of the disease biology as well as im-

provements in treatment and supportive care strategies.
Notably, recent years have seen a surge in studies incorpo-
rating the novel agents thalidomide, bortezomib, and lena-
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lidomide into treatment for different disease stages and
across different patient groups. This article presents an up-
date to a previous review of European treatment practices
and is based on discussions during an expert meeting that

was convened to review novel agent data published or pre-
sented at medical meetings until the end of 2011 and to as-
sess their impact on treatment strategies. The Oncologist
2012;17:592–606

INTRODUCTION
Multiple myeloma (MM) treatment practices have changed
substantially in the recent past, most notably with the introduc-
tion of several novel agents—thalidomide, bortezomib, and le-
nalidomide—that are increasingly being incorporated into
treatment strategies in everyday clinical practice. These highly
active agents are providing tangible benefits for patients with a
malignancy that remains incurable in the majority of cases.
Importantly, improvements in survival outcomes have been
noted, not only in young patients but also in the elderly patient
population, for whom the prognosis used to be generally poor
with conventional treatments [1–12].

This progress is being driven by intense research efforts
into the biology of the disease and into the optimal use of
novel agents in different treatment stages and across various
age and risk groups, reflected in the large number of studies
being reported as abstracts at hematology congresses and in
numerous publications dedicated to MM. These trials are
not only being conducted by national study groups but, in
addition, there are numerous international initiatives and
collaborations under the auspices of the European Myeloma
Network (EMN), the International Myeloma Working
Group (IMWG), and other groups, recognizing that through
cooperation in large clinical trials it is possible to translate
learnings from those trials more rapidly into clinical prac-
tice.

A European expert meeting was convened to discuss the
impact of recent data on treatment strategies, and the results of
those discussions are summarized in this article. During the
discussions, emphasis was placed on providing an update to
previously published treatment strategies [13, 14], with a par-
ticular focus on the management of frail elderly patients and
patients with high-risk disease. The objective is to provide
clear suggestions relevant for daily clinical practice based on
the best available current evidence. Newer agents currently un-
dergoing development were excluded from the discussions be-
cause access to these remains limited at the present time. For a
discussion of these investigational agents, the reader is referred
to a number of excellent review articles that have recently been
published [15–19].

FRONTLINE TREATMENT

Transplant Setting
For young patients, generally considered to be those aged �65
years, without significant comorbidity, high-dose therapy fol-
lowed by autologous stem cell transplantation (ASCT) re-
mains the standard of care [20, 21]. This treatment modality
offers the chance for a prolonged disease- and treatment-free
period, which is an important consideration for young patients

in terms of quality of life (QoL), enabling patients to pursue
normal activities of daily living.

Prior to high-dose melphalan (HDM), patients typically re-
ceive induction therapy to reduce the tumor burden. Based on
recent data, several effective induction regimens incorporating
novel agents can be recommended, as outlined in Figure 1.
Data from phase III randomized trials support the use of a com-
bination consisting of bortezomib plus dexamethasone plus an
immunomodulatory drug (IMiD) or alkylator or anthracycline
(e.g. bortezomib, thalidomide, and dexamethasone [VTD],
bortezomib, doxorubicin, and dexamethasone [PAD], bort-
ezomib, cyclophosphamide, and dexamethasone [VCD], lena-
lidomide, bortezomib, and dexamethasone [RVD]), as well as
the use of the combination of cyclophosphamide, thalidomide,
and dexamethasone (CTD) as an oral alternative to vincristine,
doxorubicin, and dexamethasone (VAD), which has as yet
only been tested against cyclophosphamide plus VAD, but not
compared with bortezomib- or lenalidomide-containing regi-
mens. Of note, no phase III trial data are available regarding
the VCD and RVD induction regimens; however, both are cur-
rently undergoing investigation and results from ongoing
phase III trials are awaited. Efficacy data for the different com-
binations are summarized in Table 1. Although the use of
three-drug regimens may be preferred because of the superior
efficacy in terms of response rates, particularly good re-
sponses, for example very good partial response (VGPR) or
better, as well as extended event-free (EFS), progression-free
(PFS) and overall survival (OS), the use of two-drug regimens,
such as bortezomib plus dexamethasone or lenalidomide plus
dexamethasone, could be additional options. Of note, although
bortezomib plus dexamethasone was found to be significantly
superior to VAD in terms of complete response (CR)/near CR
and VGPR rates, the PFS interval was not significantly longer
[22]. The combination of lenalidomide plus dexamethasone as
induction has not been examined in a randomized phase III
trial. However, data regarding this induction regimen are avail-
able from the phase III Eastern Cooperative Oncology Group
trial that compared lenalidomide plus high-dose dexametha-
sone (RD) with lenalidomide plus low-dose dexamethasone
(Rd) (Table 1). In addition, Palumbo et al. [32] employed le-
nalidomide plus low-dose dexamethasone as induction therapy
in a phase III trial designed to examine the role of transplanta-
tion by comparing a novel agent–containing regimen with tan-
dem ASCT. Following four cycles of lenalidomide plus low-
dose dexamethasone, patients were randomized to receive six
cycles of melphalan, prednisone, and lenalidomide (MPR) or
tandem ASCT followed by a second randomization to no
maintenance versus maintenance with lenalidomide. With a
median follow-up of 26 months, the 2-year PFS rate was sig-
nificantly higher in patients randomized to the transplant arm,
whereas the OS times were comparable in the two arms. Lon-
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ger follow-up of the trial is awaited, and these data together
with those from two further ongoing phase III trials—one a
collaborative effort by the Dana-Farber Cancer Institute
(DFCI) and the Intergroupe Francophone du Myélome (IFM)
(IFM/DFCI 2009 trial) and the other an initiative within the
EMN (EMN-02 trial)—will help to define the role of trans-
plant in the novel agent era. Induction therapy is typically ad-
ministered for a short period, three or four cycles, although
some trials have also investigated a longer induction period of
six cycles [25]. The choice of regimen is clearly influenced by
the availability of the agents in the different countries. Of note,
none of the novel agents is currently approved by the European
Medicines Agency (EMA) for use in the frontline transplant
setting, although in several countries their use prior to ASCT is
reimbursed by local governments on the basis of favorable re-
sults from phase III trials. In the U.S., thalidomide in combi-
nation with dexamethasone is indicated for the treatment of
patients with newly diagnosed MM [33]. Bortezomib has been
approved by the U.S. Food and Drug Administration (FDA)
for the treatment of MM without any limitation to treatment
setting, whereas lenalidomide is currently not approved for
frontline use but is indicated for the treatment of patients who
have received at least one prior therapy in combination with
dexamethasone [34].

Administration of a single dose of HDM of 200 mg/m2 is con-
sidered the standard conditioning regimen. Following the trans-
plant procedure, the application of consolidation or maintenance
therapy or both with the aim of decreasing the risk for relapse and
extending PFS and OS times is an attractive approach. Whereas
consolidation consists of the administration of a treatment for a
limited period of time with the intention of inducing a deeper re-
sponse following ASCT, maintenance therapy is administered for
a prolonged period with the objective of maintaining the response
achieved with the ASCT step. A number of options to consolidate
a response are available, including the application of a second
transplant and the administration of novel agents or novel agent
combinations (Fig. 1), and available data with novel agents in this
setting are summarized in Table 2A [31, 35–39]. These indicate
that the use of consolidation improves the depth of response and
might be considered as a reasonable treatment option following
ASCT. VTD consolidation was examined in a phase III trial and
found to be beneficial after high-dose therapy [37, 40]. However,
further data, particularly phase III evidence, are needed to define
the optimal strategy in this setting, that is, which agent, which reg-
imen, and for how long.

Similarly, the application of maintenance treatment us-
ing one of the effective novel agents is an attractive concept,
and a number of studies have investigated such an approach.

Figure 1. Multiple myeloma treatment tree outside clinical trials: frontline†.
*Data available from phase III randomized trial.
Abbreviations: CTDa, attenuated cyclophosphamide, thalidomide, and dexamethasone; EMA, European Medicines Agency; Dex,

dexamethasone; IMiD, immunomodulatory drug; MPR-R, melphalan, prednisone, and lenalidomide plus lenalidomide maintenance;
MPT, melphalan, prednisone, and thalidomide; RD, lenalidomide and high-dose dexamethasone; Rd, lenalidomide and low-dose dexa-
methasone; RVD, lenalidomide, bortezomib, and dexamethasone; VMP, bortezomib, melphalan, and prednisone; VMPT, VMP plus tha-
lidomide; VP, bortezomib plus prednisone; VT, bortezomib plus thalidomide; VTD, bortezomib, thalidomide, and dexamethasone.
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Thalidomide has been extensively investigated in the post-
ASCT setting and has a demonstrated PFS benefit in all tri-
als (Table 2B) [27, 39, 41–50]; however, concerns exist
about the shorter OS time following relapse as well as the
toxicity associated with long-term treatment and the inabil-
ity to overcome the poor prognosis related to high-risk cy-
togenetic abnormalities [51]. Lenalidomide may be a more
optimal maintenance agent because of the absence of neu-
rotoxicity, and convincing efficacy data in support of this
treatment are available from trials conducted by the IFM
and the Cancer and Leukemia Group B (CALGB), which
examined lenalidomide versus placebo post-ASCT [39, 49]
(Table 2B). In both trials, a highly significant longer PFS
interval was observed for patients in the lenalidomide arm
and, in addition, a survival benefit was evident in the
CALGB trial at the last data update [49]. Unexpectedly, a
higher incidence of secondary primary malignancies was
noted in patients receiving lenalidomide maintenance ther-
apy. Genotoxic chemotherapy appears to be a key cofactor,
and hence more data on the safety of this therapy are needed
before recommendations for routine practice can be made.

Bortezomib was also investigated in the maintenance set-
ting in the phase III HOVON/GMMG (Stichting Hemato-
Oncologie voor Volwassenen Nederland/German-Speaking

Myeloma Multicenter Group) trial. That trial compared bort-
ezomib as a backbone for the induction regimen (PAD) fol-
lowed by HDM and bortezomib maintenance therapy with
VAD followed by HDM and thalidomide maintenance treat-
ment. The PFS and OS times were significantly longer in the
bortezomib-containing arm, during both induction and main-
tenance, than in the control arm that employed thalidomide for
maintenance only [27]. However, no PFS benefit was seen
with bortezomib over thalidomide maintenance in a landmark
analysis performed from the start of maintenance, and the de-
sign of the study does not allow for a dissection of the role of
bortezomib maintenance therapy. Notably, a substudy re-
stricted to German centers found that the adverse impact of
del(17p13) on PFS and OS outcomes could be significantly re-
duced by bortezomib-based treatment [52]. The median PFS
intervals were 26.2 months in the bortezomib-containing
arm and 12 months in the control arm (p � .024), whereas
the 3-year OS rates were 69% and 17%, respectively (p �
.028). These results indicate that the long-term administra-
tion of bortezomib may be beneficial in patients carrying
del(17p13).

Although recent trials have provided important results re-
garding the utility and benefit of consolidation and mainte-
nance in the post-ASCT setting, further studies are needed to

Table 1. Summary of novel agent–based induction trials
Response postinduction Response post-ASCT

Regimen Follow-up n CR >VGPR CR >VGPR PFS/TTP OS Study

VD versus
VAD

32 mos 240 versus
242

�nCR, 15%a

versus 6%
38%a versus
15%

�nCR, 35%a

versus 18%
54%a versus
37%

PFS, 36 mosa

versus 30 mos
3-yr OS, 81% versus
77%

Harousseau et al.
[22]

Rd versus
RD

35.8 mos 222b versus
223b

4%c versus
5%c

40%a,c versus
50%c

NA NA 2-yr PFS,
65% versus
63%

3-yr OS, 92% (no significant
difference between arms)

Rajkumar et al.
[23]

VTD versus
TD

36 mos 236 versus
238

19%a versus
5%

62%a versus
28%

42%a versus
30%

82%a versus
64%

3-yr PFS,
68%a versus
56%

3-yr OS, 86% versus
84%

Cavo et al. [24]

VTD versus
TD

27 mos 130 versus
127

35%a versus
14%

60%a versus
29%

46%a versus
24%

65%a versus
40%

Not reacheda

versus 27 mos
Not reached Rosinol et al.

[25]

vtD versus
VD

32 mos 100 versus
99

13% versus
12%

49%a versus
36%

29% versus
31%

74%a versus
58%

26 mos versus
30 mos

No significant difference
between arms

Moreau et al.
[26]

PAD versus
VAD

39 mos 371 versus
373

11%a versus
5%

42%a versus
15%

30%a versus
15%

61%a versus
36%

36 mosa

versus 27 mos
HR, 0.73a versus
not reached

Sonneveld et al.
[27]

CTD versus
CVAD

47 mos 555 versus
556

13%a versus
8%

43%a versus
28%

50%a versus
37%

74% versus
62%

27 mos versus
25 mos

Not reached versus
63 mos

Morgan et al.
[28]

VCD Response on
study day 63

414 �nCR,
14.6%

36.6% Not reported Einsele et al.
[29]

RVD 21 mos 66 29% 67% Not reported 18-mo PFS,
75%

18-mo OS, 97% Richardson et al.
[30]

RVD NA 31 23% 62% 42% 68% Not reported Roussel et al.
[31]

aSignificant difference between arms.
bn � 40 in the Rd arm and n � 50 in the RD arm underwent ASCT.
cBest overall response to treatment.
Abbreviations: ASCT, autologous stem cell transplantation; CR, complete response; CTD, cyclophosphamide, thalidomide,
and dexamethasone; CVAD, cyclophosphamide, vincristine, doxorubicin, and dexamethasone; HR, hazard ratio; NA, not
available; nCR, near CR; OS, overall survival; PAD, bortezomib, doxorubicin, and dexamethasone; PFS, progression-free
survival; RD, lenalidomide and high-dose dexamethasone; Rd, lenalidomide and low-dose dexamethasone; RVD,
lenalidomide, bortezomib, and dexamethasone; TTP, time to progression; VAD, vincristine, doxorubicin, and
dexamethasone; VCD, bortezomib, cyclophosphamide, and dexamethasone; VD, bortezomib and dexamethasone; VGPR,
very good partial response; vtD, reduced dose bortezomib, reduced-dose thalidomide, and dexamethasone; VTD,
bortezomib, thalidomide, and dexamethasone.
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provide answers to the many open questions that remain, such
as the duration of treatment, the impact on subsequent thera-
pies, and who should receive post-ASCT treatment. In addi-
tion, the measurement of QoL data in the maintenance setting
is of importance in order to thoroughly assess the benefit of
long-term therapy. Only limited QoL data are currently avail-
able. Stewart et al. [48] could show that the use of thalidomide
maintenance was associated with a significant negative impact

on QoL across a range of domains examined, indicating that a
careful weighing of the anticipated benefit versus possible tox-
icities and impact on QoL is needed when considering long-
term therapy. It is important to note that lenalidomide has a
toxicity profile that is distinct from that of thalidomide, in par-
ticular regarding nonhematological toxicities, and in addition
to the substantial efficacy noted above, may therefore be supe-
rior as maintenance therapy. In addition, bortezomib was bet-

Table 2. Summary of novel agent data in the post-ASCT setting
A. Consolidation

Regimen n of cycles n Response preconsolidation Response postconsolidation Outcome Study

Bortezomib versus
observation

Two 3-wk �
four 4-wk
cycles

188 versus
182

�nCR, 20%
versus
21%

�VGPR, 39%
versus 39%

�nCR, 45% versus
35%

�VGPR, 71% versus
57%

27 mosa versus
20 mos

Mellqvist et al. [35]

VTD 4 cycles 39 (�VGPR
after ASCT)

IF� CR, 15% IF� CR, 49% Significantly superior 5-yr PFS and OS
for patients with standardized molecular
remission (by real time quantitative
PCR)

Ladetto et al. [36]

VTD versus TD Two 35-day
cycles

160 versus
161

CR, 42%a versus
30%

CR, 61%a versus
47%

�nCR, 73%a versus
61%

3-yr PFS, 62%a versus
46%

Cavo et al. [37]

vtD 2 cycles 46 (�PR after
ASCT)

CR, 23%; �nCR, 37%;
�VGPR, 84%

CR, 36%; �nCR, 68%; �VGPR, 91% NA Roussel et al. [38]

Lenalidomide 2 mos 572 CR (IF�), 14%; �VGPR,
58%

CR (IF�), 20%; �VGPR, 67% NA Attal et al. [39]

RVD 2 cycles 31 sCR, 36%; CR, 6%; �VGPR,
68%

sCR, 39%; CR, 9%; �VGPR, 84% NA Roussel et al. [31]

B. Maintenance

Regimen n Follow-up

Induction with
agent used in
maintenance n ASCT

Maintenance
duration PFS OS

Survival after
relapse Study

Thalidomide �
prednisolone versus
prednisolone

114 versus
129

3 yrs No Single ASCT 12 mos 3-yr PFS,
42%a versus
23%

3-yr OS,
86%a versus
75%

Similar in both
arms

Spencer et al.
[41]

Thalidomide �
pamidronate versus
pamidronate versus none

179 versus
172 versus
173

5.7 yrs No Double ASCT Until PD 5-yr EFS, 37%a

versus 29%
versus 23%

5-yr OS, 74%
versus 70%
versus 70%

Similar in all
arms

Attal et al. [42],
Barlogie et al.
[43]

Thalidomide versus none 323 versus
345

7.2 yrs Yes (TT2) Double ASCT Until PD 5-yr EFS,
57%a versus
44%

5-yr OS,
68%a versus
65%

Shorter OS after
thalidomide
exposure

Barlogie et al.
[43–45]

Thalidomide versus IFN 268 versus
268

52 mos Yes (TAD) Single or
double ASCT

Until PD 34 mosa versus
25 mos

73 mos versus
60 mos

Shorter OS after
thalidomide
exposure

Lokhorst et al.
[46]

Thalidomide versus none 408 versus
410

38 mos (from
maintenance
randomization)

Yes (CTD) Single ASCT Until PD p � .001 p � .40 Shorter OS after
thalidomide
exposure for
adverse
cytogenetics

Morgan et al.
[47]

Thalidomide �
prednisone versus none

160 versus
160

4 yrs NA Single ASCT Until PD 28 mosa versus
17 mos

4-yr OS,
68% versus
60%

Shorter OS after
thalidomide
exposure

Stewart et al.
[48]

Lenalidomide versus
placebo

307 versus
307

36 mos No Single or
double

Until PD PFS, 41 mosa

versus 24 mosa
5-yr OS, 79%
versus 73%

NA Attal et al. [39]

Lenalidomide versus
placebo

208 versus
197

28 mos Lenalidomide-
based induction,
22%

Single Until PD TTP, 48 mosa

versus
30.9 mos

Deaths, n �
23a versus n �
39

NA McCarthy et al.
[49]

Bortezomib versus
thalidomide

205 versus
239

39 mos Yes (PAD) Single or
double

2 yrs 36 mosa versus
27 mos

Median not
reached; HR,
0.73 (0.56–
0.96); p � .02

NA Sonneveld et al.
[27]

Bortezomib �
thalidomide versus
thalidomide versus IFN-
�2b

90 versus
89 versus
87

24 mos Yes (VTD, TD,
chemotherapy
� bortezomib)

Single 3 yrs 2-yr PFS, 78%a

versus 63%a

versus 49%a

NA NA Rosiñol et al.
[50]

aSignificant difference between arms.
Abbreviations: ASCT, autologous stem cell transplantation; CR, complete response; CTD, cyclophosphamide, thalidomide,
and dexamethasone; EFS, event-free survival; HR, hazard ratio; IF, immunofixation-negative; IFN, interferon; NA, not
available; nCR, near CR; OS, overall survival; PAD, bortezomib, doxorubicin, and dexamethasone; PCR, polymerase chain
reaction; PD, progressive disease; PFS, progression-free survival; RVD, lenalidomide, bortezomib, and dexamethasone;
sCR, stringent CR; TAD, thalidomide, doxorubicin, and dexamethasone; TD, thalidomide and dexamethasone; TT2, total
therapy 2; TTP, time to progression; VGPR, very good partial response; VTD, bortezomib, thalidomide, and
dexamethasone; vtD, reduced dose bortezomib, reduced-dose thalidomide, and dexamethasone.
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ter tolerated when used as maintenance therapy than
thalidomide in the HOVON/GMMG trial [27]. A recent
IMWG publication provides a comprehensive review and
analysis of the available data, as well as important consider-
ations for clinical practice [53].

Nontransplant Setting
As in the transplant setting, novel agents also form an inte-
gral part of treatment strategies for patients not eligible for
transplantation because of age or comorbidities. The fol-
lowing options are recommended based on data from ran-
domized phase III trials (Table 3A) [4 –9, 11, 54 –56]:
bortezomib plus melphalan plus prednisone (VMP) and the
combination of an alkylator plus a steroid plus an IMiD,
which includes the two regimens melphalan plus prednisone
plus thalidomide (MPT) and attenuated CTD (CTDa) (Fig.

1). Both VMP and MPT are approved in this setting by the
EMA and FDA. Bendamustine plus prednisone is another
effective regimen that is also approved by the EMA. Addi-
tional options for the treatment of patients in the nontrans-
plant setting include the following combinations:
lenalidomide plus dexamethasone, VMPT-VT, VMP-VT,
and MPR-R, and the available data for these are summarized
in Table 3A.

In the nontransplant setting, it seems beneficial to give
treatment for a prolonged period of time, with many investiga-
tors recommending the administration of no fewer than nine
cycles, although formal proof for this notion has not been gen-
erated as yet.

The use of maintenance treatment in the nontransplant set-
ting has been shown to lead to a longer PFS interval, and the
following options have been investigated in phase III clinical

Table 3. Summary of data for novel agent regimens in the nontransplant setting
A. Induction setting

Regimen Follow-up n >PR CR PFS/TTP OS Study

Meta-analysis

MPT versus
MP

NA 815 versus
870

59%a versus
37%

�VGPR, 25%a versus
9%

PFS, 20.3 mosa versus
14.9 mos

39.3 versus
32.7 mosa

Fayers et al. [11]

Randomized trials

VMP versus
MP

60.1 mos 337 versus
331

71%a versus
35%

30%a versus
4%

TTP, 24 mosa versus
16.6 mos

39.3 mosa versus
32.7 mos

San Miguel et al.
[4, 5]

CTDa versus
MP

44 mos 426 versus
423

63.8%a versus
32.6%

13.1%a versus
2.4%

No significant PFS difference No significant
difference

Morgan et al.
[54]

Bendamustine �
prednisone versus
MP

68 versus
63

75% versus
70%

32%a versus
13%

TTF, 14 mosa versus
10 mos

32 mos versus
33 mos

Pönisch et al.
[55]

RD versus
Rd

NA 119 versus
114

NA NA NA 2-yr OS, 72%
versus
85%

Vesole et al. [56]

MPR-R versus
MPR
versus
MP

All pts: 25
mos

Pts 65–75
yrs: 30
mos

All pts: 152
versus 153
versus 154

Pts 65–75
yrs: 116
versus 116
versus 116

All pts: 77%c

versus 68%
versus 50%

Pts 65–75 yrs:
79% versus
73% versus
47%

All pts; 16%
versus 11%
versus 4%

Pts 65–75 yrs:
35%d versus
35%d versus
11%d

PFS, all pts:
31 mosc

versus 14
mos versus
13 mos

PFS, pts 65–75
yrs: 31 mosa

versus 15 mosa

versus 12 mosa

No significant
difference

Palumbo et al.
[8, 9]

VMPT-VT versus
VMP

32 mos (overall) 254 versus
257

90%a versus
81%

42%a versus
24%

PFS, 37.2 mosa versus
27.4 mos

3-yr OS, 85%
versus 80%

Palumbo et al.
[7]

VMP-VT/VP
versus
VTP-VT/VP

22 mos (from second
randomization)

130 versus
130

80%b versus
81%b

20%b versus
28%b

PFS, 34 mosb versus
25 mosb

3-yr OS,
74% versus
65%

Mateos et al. [6]

B. Maintenance setting

Regimen Follow-up ORR CR TTP/PFS OS Study

MPT � T 38.1 mos 76% 16% 21.8 mosa 45 mos Palumbo et al. [57]

CTDa/MP � T 38 mos NA NA Thalidomide maintenance produced longer PFSa with no OS
advantage

Morgan et al. [54]

MPR � R 21 mos 77% 16% 31 mosa 2-yr OS, 80% Palumbo et al. [8]

VMP/VTP � VT versus
VMP/VTP � VP

46 mos 95% versus
97%

46% versus
39%

39 mos versus
32 mos

Not reached versus
60 mos

Mateos et al. [58]

VMPT � VT 32 mos 90% 42% 37.2 mosa 3-yr OS 85% Palumbo et al. [7]

aSignificant difference between arms.
bResults according to induction arm: VMP or VTP, respectively; no significant difference in PFS or OS between VT or VP
maintenance. PFS: VT, 32 mos; VP, 24 mos; p � .1. OS: HR, 1.2, 0.6–2.4.
cSignificant difference between MPR�R and MP arms.
d�VGPR.
Abbreviations: CR, complete response; CTDa, attenuated cyclophosphamide, thalidomide, and dexamethasone; OS, overall
survival; MP, melphalan and prednisone; MPR, melphalan, prednisone, and lenalidomide; MPR-R, MPR with lenalidomide
maintenance; MPT, melphalan, prednisone, thalidomide; ORR, objective response rate; PFS, progression-free survival; PR,
partial response; RD, lenalidomide and high-dose dexamethasone; Rd, lenalidomide and low-dose dexamethasone; T,
thalidomide; TTF, time to treatment failure; VGPR, very good partial response; VMP, bortezomib, melphalan, and
prednisone; VMPT, bortezomib, melphalan, prednisone, and thalidomide; VT, bortezomib and thalidomide; VTP,
bortezomib, thalidomide, and prednisone.
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trials: single-agent thalidomide, single-agent lenalidomide,
and bortezomib in the combinations VT and VP (Table 3B) [7,
8, 54, 57, 58]. Despite the substantial benefit observed, that is,
a median PFS time of up to 37 months [7], questions surround-
ing the use of maintenance therapy remain, such as the duration
of treatment, optimal regimen, and impact on QoL. In addition,
it is not clear if it is important to use different novel agent drug
classes in induction and in maintenance or if the same agent
should be used throughout when toxicity is not an issue.

Considerations in the Treatment of Frail Elderly
Patients
The nontransplant population constitutes a highly heteroge-
neous patient group, encompassing fit elderly patients as well
as those who are frail elderly, for whom treatment goals and
strategies differ vastly. In particular, frail elderly patients pres-
ent a significant challenge because of the physiological
changes associated with aging, which result in compromised
function, the presence of comorbidities, and a reduced ability
to tolerate treatment and any associated toxicity, which has a
significant impact on feasible treatment options. A summary of
important factors to be considered in the treatment of elderly
patients is as follows: lower functional capacity (performance
status, activities of daily living [ADL score], cognitive func-
tion); comorbidities (renal, pulmonary, hepatic, cardiac, bone
marrow); disability; frailty (weakness, poor endurance, weight
loss, low physical activity, slow gait speed); a higher preva-
lence of unfavorable prognostic factors (�2-microglobulin
�3.5 �g/mL, albumin �3.5 g/dL, hemoblobin �10 g/dL, In-
ternational Staging System [ISS] stage III) [59]; polyphar-
macy; and a lower capacity to tolerate toxicity.

In discussion, a number of factors were identified that
may be used to define the population of frail elderly pa-
tients. These include age, the presence and grade of comor-
bidities, compromised organ function (cardiac, pulmonary,
hepatic, renal, bone marrow), overall function or ability (to
pursue ADLs), and frailty.

A number of geriatric scales exist; however, there is limited

published experience on their use in MM patients, and no consen-
sus regarding a particular scale to be used was reached. The
“timed up-and-go” assessment was considered to be the most
straightforward method, highlighting the fact that the assessment
of frailty is typically based on clinical judgment. There is a need
for the validation of existing geriatric scales in MM patients.

Considering the treatment of elderly patients, it is rec-
ommended that therapy be adjusted according to risk groups
defined by age, comorbidity, disability, and frailty. As for
other diseases, patients may be divided into specific groups,
such as “full go,” “slow go,” and “very slow or no go,” and
treatment should be adjusted accordingly by applying dose re-
ductions and low-dose treatment [60]. There was consensus that
the presence of frailty should not lead to a compromise in the
choice of effective treatment as long as tolerability is acceptable
and that the best available option should be administered to all pa-
tients.

A dose-reduction algorithm based on the presence of the
risk factors contributing to frailty outlined above was recently
published and is summarized in Table 4 [61]. Careful monitor-
ing of patients and adherence to dose-reduction schema should
ensure that patients are treated with the optimal regimen, thus
maximizing beneficial outcomes.

There is substantial evidence from clinical trials demon-
strating the utility of dose reduction of novel agents in the treat-
ment of elderly patients. Hulin et al. [3] investigated
thalidomide at 100 mg/day instead of 200 mg/day in combina-
tion with MP and could show that the treatment was effective
with acceptable tolerability in patients aged �75 years. Nota-
bly, it was associated with both a significant PFS benefit and a
significant OS benefit over treatment with MP. The combina-
tion of lenalidomide and low-dose dexamethasone presents an-
other well-tolerated option for frail patients [56]. Two trials
investigated a reduced frequency of administration of bort-
ezomib, once weekly instead of twice weekly, at the usual dose
of 1.3 mg/m2 in combination with MP [6, 7]. In both trials, the
efficacy of once-weekly administration was found to be com-
parable with that of twice-weekly administration; however,

Table 4. Dose adjustment recommendations for the treatment of frail elderly patients

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

Bortezomib 1.3 mg/m2 twice/wk, days 1, 4,
8, and 11 every 3 wks

1.3 mg/m2 once/wk, days 1,
8, 15, and 22 every 5 wks

1.0 mg/m2 once/wk, days 1,
8, 15, and 22 every 5 wks

Thalidomide 100 mg/day 50 mg/day 50 mg every other day

Lenalidomide 25 mg/day, days 1–21 every 4
wks

15 mg/day, days 1–21 every
4 wks

10 mg/day, days 1–21 every
4 wks

Dexamethasone 40 mg/day, days 1, 8, 15, and 22
every 4 wks

20 mg/day, days 1, 8, 15, and
22 every 4 wks

10 mg/day, days 1, 8, 15, and
22 every 4 wks

Melphalan 0.25 mg/kg, days 1–4 every 4–6
wks

0.18 mg/kg, days 1–4 every
4–6 wks

0.13 mg/kg, days 1–4 every
4–6 wks

Prednisone 50 mg every other day 25 mg every other day 12.5 mg every other day

Cyclophosphamide 100 mg/day, days 1–21 every 4
wks

50 mg/day, days 1–21 every
4 wks

50 mg every other day, days
1–21 every 4 wks

Adapted from Palumbo A, Anderson K. Multiple myeloma. N Engl J Med 2011;364:1046–1060, with permission.
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tolerability was found to be markedly better. In particular, the
incidence of peripheral neuropathy (PN) was substantially
lower. Whereas in the Velcade� as Initial Standard Therapy in
Multiple Myeloma (VISTA) trial, which investigated twice-
weekly administration of bortezomib, the incidence of
grade 3 or 4 sensory PN was 13%, this was lower, at 2% and
7%, in the Gruppo Italiano Malattie EMatologiche
dell’Adulto (GIMEMA) and Programa para el Estudio y la
Terapéutica de las Hemopatías Malignas y Grupo Español
de Mieloma (PETHEMA/GEM) trials, respectively, inves-
tigating once-weekly administration of bortezomib [6, 7,
62]. In addition, once-weekly administration resulted in a
substantially lower rate of treatment discontinuation, indi-
cating that patients were able to remain on treatment for lon-
ger, thus maximizing the benefit of therapy.

Recently, another strategy to improve the tolerability of bort-
ezomib was suggested. The s.c. administration of bortezomib was
found to be similarly efficacious to i.v. administration (Table 5)
but was substantially better tolerated, with significantly fewer all-

grade, grade �2, and grade �3 PN events with s.c. administration
than with i.v. administration [63]. It should be noted that these re-
sults were obtained in the relapsed setting. The s.c. administration
of bortezomib was recently approved by the FDA [64] and is cur-
rently under evaluation by the EMA.

Taken together, there has been substantial progress in treat-
ment options for elderly patients, who should receive the most ef-
fective treatment possible considering individual patient factors,
for example, frailty, tolerability, and QoL aspects. Careful assess-
ment, close monitoring, and prompt dose adjustments are recom-
mended to maximize treatment benefits in this population.

RELAPSED SETTING
Figure 2 outlines decision points and possible treatment strat-
egies at first relapse.

The application of a second ASCT should be considered as a
feasible option for patients in remission for �2 years following
the first-line ASCT step. In addition, allogeneic transplantation
(alloSCT) may be an option for specific patients, for example,

Table 5. Summary of phase III trials of novel agent regimens in the relapse setting

Treatment n
Median
follow-up

CR �
PR

CR �
nCR TTP OS Study

Thalidomide, 400 mg
versus

130 NA 21% NA 9.1 mos not reached Kropff et al. [66]

Thalidomide, 200 mg
versus

122 18% 7.6 mos 25.6 mos

Thalidomide, 100 mg
versus

121 21% 7.0 mos 30.0 mos

Dexamethasone 126 25% 6.1 mos not reached

Lenalidomide �
dexamethasone
versus

353 48 mos 60.6%a 15%a,b 13.4 mosa 38 mosa Dimopoulos et al. [67]

Dexamethasone 351 21.9% 2% 4.6 mos 31.6 mos

Bortezomib
versus

333 22 mos 43%a 16%a 6.2 mosa 29.8 mosa Richardson et al. [68]

Dexamethasone 336 18% 2% 3.5 mos 23.7 mos

Bortezomib � pegylated
liposomal doxorubicin
versus

318 NA 52%a 17% 9.3 mosa 15 mo OS, 76%a Orlowski et al. [69]

Bortezomib 318 44% 13% 6.5 mos 15 mo OS, 65%

Bortezomib � thalidomide �
dexamethasone
versus

135 30 mos 86% 45% 19.5 mosa 2-yr OS, 71% Garderet et al. [70]

Thalidomide �
dexamethasone

132 74% 25% 13.8 mos 2-yr OS, 65%

s.c. bortezomib with
or without dexamethasone
versus

145 11.8 mos 52%c 20%c 10.4 mos 1-yr OS, 72.6% Moreau et al. [63]

i.v. bortezomib with or
without Dexamethasone

73 12 mos 52%c 22%c 9.4 mos 1-yr OS, 76.7%

aSignificant difference between arms.
bCR only.
cResponse after 8 cycles.
Abbreviations: CR, complete response; nCR, near CR; OS, overall survival; PR, partial response; TTP, time to progression.
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those with high-risk factors. However, the use of alloSCT outside
clinical trials is not recommended [65].

Thalidomide, bortezomib, and lenalidomide are key com-
ponents in the treatment of relapsed disease as backbone
agents for highly effective combination regimens, and avail-
able phase III data for these agents in the relapsed setting are
summarized in Table 5. In addition, a range of other effective
regimens that use additive or synergistic activity obtained
through the combination of novel agents with each other and
with anthracyclines, alkylating agents, and/or steroids are
available. These combinations have been reviewed in a num-
ber of excellent articles and are therefore not discussed further
here [66–76]. In addition, clinical trials of experimental agents
also should be considered.

Retreatment Versus Switching Therapy
At relapse, the question of whether to repeat treatment with
the agent or combination used upfront or change to another
agent has to be considered, and this is influenced by the
quality and duration of response to the first-line treatment as
well as toxicity concerns. European experts concur that
switching drug class is the more frequent approach, even af-
ter a long remission, to reduce the risk for the generation of
resistant clones. Nevertheless, retreatment with compo-

nents of the initial therapy presents a feasible option follow-
ing a long treatment-free interval (�1 year) in the absence
of tolerability concerns and is supported by evidence from
studies [77]. In the MM009 and MM010 trials, treatment
with lenalidomide plus dexamethasone was found to be ef-
fective regardless of prior thalidomide treatment [78], and a
recent report suggested that treatment with thalidomide- or
lenalidomide-based regimens following upfront use of these
drugs is feasible [79]. Bortezomib retreatment was investi-
gated in a number of trials, including the phase III VISTA
trial and the phase II RETRIEVE (Retreatment after Initial
Response to Velcade) study as well as in a number of other
small prospective and retrospective studies, and results in-
dicate that the repeated use of bortezomib in later lines re-
sults in responses in a substantial proportion of patients
without concerns for cumulative toxicity or induction of re-
sistance to the agent [5, 80 – 83]. These data indicate that,
for patients who relapse following a durable response (i.e.,
longer than the median PFS time with the previous therapy),
the same treatment can be repeated, whereas for patients re-
lapsing following a short response (i.e., shorter than the me-
dian PFS time with the previous therapy), new regimens
should be sequentially administered.

Figure 2. Multiple myeloma treatment tree outside clinical trials: first relapse.
*Data available from phase III randomized trial.
Abbreviations: ASCT, allogeneic stem cell transplantation; autoSCT, autologous stem cell transplantation; CRD, cyclophosphamide,

lenalidomide, and dexamethasone; Dex, dexamethasone; CTD, cyclophosphamide, thalidomide, and dexamethasone; IMiD, immuno-
modulatory drug; Len, lenalidomide; MPT, melphalan, prednisone, and thalidomide; PLD, pegylated liposomal doxorubicin; RD, lena-
lidomide and high-dose dexamethasone; Rd, lenalidomide and low-dose dexamethasone; TFI, treatment-free interval; Thal, thalidomide;
VCD, bortezomib, cyclophosphamide, and dexamethasone; VD, bortezomib plus dexamethasone; VMP, bortezomib, melphalan, and
prednisone; VMPT, VMP plus thalidomide; VTD, bortezomib, thalidomide, and dexamethasone.
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Factors Influencing Treatment Decisions
Aside from the quality of the first response, the choice of treat-
ment at relapse is influenced by a host of patient- and disease-
related factors, such as age, performance status, comorbidity,
and toxicity associated with previous treatments. Treatment
has to be adapted to the individual patient situation, but a num-
ber of general strategies can be proposed.

Renal Impairment
Bortezomib-based treatments are effective in patients with re-
nal impairment, and the combination of bortezomib and high-
dose dexamethasone may be considered as the treatment of
choice, as recently recommended by the IMWG [84]. Reversal
of renal insufficiency is observed in a substantial proportion of
patients with bortezomib-based treatment. There is limited ex-
perience on the use of thalidomide in this setting. Nevertheless,
careful administration appears feasible [84]. Lenalidomide-
based treatment has been shown to be effective [85]; however,
dose modification based on renal function is mandatory be-
cause of the renal clearance of the agent [84, 85].

Current or Recent Thromboembolic Event
A bortezomib-based treatment may be the preferred approach
in patients with a recent thromboembolic event. However, le-
nalidomide-based treatment may also be feasible if prophy-
laxis guidelines are followed [86].

Treatment-Related PN
In the case of pre-existing PN, the use of a potentially neuro-
toxic agent should be approached with caution and with appro-
priate dose modification, route of administration adjustment,
and schedule change as clinically indicated. Ideally, a non-
neurotoxic regimen such as a lenalidomide-based combination
should be chosen if available.

Based on the positive results of a phase III trial, s.c. admin-
istration of bortezomib presents an attractive option to reduce
the incidence of PN. In addition, a number of excellent recent
publications provided a review of the incidence, pathophysiol-
ogy, and management of therapy-associated PN, and the reader
is referred to these for further detail [87–90].

Prolonged Treatment at Relapse
A further question in the relapsed setting concerns the duration
of treatment and whether or not there is a role for maintenance
therapy. Currently, no clear consensus regarding this matter
exists. The combination of lenalidomide and dexamethasone at
relapse is recommended until disease progression [91]. In ad-
dition, data from phase II studies demonstrated a benefit for
prolonged treatment in the relapsed setting [92, 93]. Of note,
patients with high-risk disease, for example, those with t(4,14),
may benefit from continued therapy to delay progression as
much as possible; however, a recent consensus statement by
the IMWG concluded that the current level of evidence does
not provide direction in deciding if patients in a specific risk
group will benefit from maintenance therapy [94].

Start of Treatment at Relapse
Additional considerations in the relapsed setting concern the
start of treatment. There is a need to distinguish between the
presence of a biochemical relapse, characterized by a rise in
M-component in the absence of symptoms, and a clinical re-
lapse, when symptoms are present. In general, the indication to
start treatment following progression is the presence of a clin-
ical relapse. However, if the doubling time of the monoclonal
protein is �2 months, treatment is indicated even in the ab-
sence of calcium elevation, renal insufficiency, anemia and
bone abnormalities (CRAB criteria). A number of options exist
to manage a biochemical relapse that can be guided by the rate
of increase in paraprotein. On the one hand, close monitoring
may be sufficient, whereas on the other hand, increasing the
dose of the current treatment, the addition of another agent, in-
terrupting treatment to allow the option of retreatment (for pa-
tients who return to a smoldering stage with upfront
maintenance treatment), or switching to a different agent may
be the appropriate choice of action.

MM is characterized by successive relapses interspaced
with decreasing durations of remission. Treatment for these
successive relapses requires a careful balance of efficacy and
tolerability considerations, with QoL factors becoming in-
creasingly crucial as the palliative component becomes the fo-
cus of disease management.

HIGH-RISK MM
MM is a highly heterogeneous disease, both at the phenotypic
and at the genotypic level. A number of patient- and disease-
specific factors have been identified that signify high-risk dis-
ease. Patient-specific factors include age, the presence of
comorbidities (e.g., renal failure, spinal cord compression),
and aspects related to socioeconomic class, occupation, life-
style, and family support. Disease-specific factors comprise
genetic abnormalities detected by conventional cytogenetics,
fluorescence in situ hybridization (FISH), or gene-expression
profiling (GEP), the presence of extramedullary disease, renal
failure resulting from MM, plasma cell leukemia, ISS stage,
level of lactate dehydrogenase (LDH), a high proliferation rate
or labeling index, the presence of anemia, and the phenotype of
the tumor cell [95]. In addition, response to treatment, that is,
the quality and duration of response, as well as the presence of
early toxicity can denote high-risk disease.

Cytogenetic Abnormalities
The development and progression of MM are characterized by
the occurrence of distinct cytogenetic abnormalities. For some
of these, consensus exists regarding their prognostic impact,
whereas for others data are controversial. The following cate-
gorization regarding the prognostic impact of the different ab-
normalities was agreed upon: (a) Abnormalities conferring a
poor prognosis include any abnormality detected by conven-
tional karyotyping or the presence of any of the following ab-
normalities detected by FISH: t(4,14), del17p, 1q gain. (b)
Abnormalities not conferring a poor prognosis, that is, those
that indicate standard-risk disease, include t(6,14), t(11,14), 5q
amplification, hyperdiploidy, del13 without t(4, 14) and/or
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without del17p. (c) No consensus regarding the prognostic im-
pact of the following abnormalities was reached: t(14,16),
t(14,20), and del12p. Further data are needed to characterize
these.

Assessment of Risk Factors
It is recommended that all patient- and disease-specific factors
except labeling index form part of the examination in clinical
trials, with the objective of obtaining important prognostic in-
formation and to inform future trial designs. Recommended
parameters for assessment as part of standard examinations in
routine practice are summarized as follows: age; the presence
of comorbidities; ISS stage; the presence of t(4,14), del17p, or
1q gain using FISH; extramedullary disease; plasma cell leu-
kemia; LDH level; the presence of anemia; bone survey; and
socioeconomic class (occupation, lifestyle factors, family sup-
port).

Is There a Role for Risk-Adapted Treatment?
The approach of offering treatment targeted to specific patient-
or disease-related factors is attractive based on positive expe-
riences with other malignancies and is one of the hotly debated
topics in MM treatment that has also been examined in a num-
ber of articles [17, 96–100].

A recent publication by the IMWG concluded that the cur-
rent data are not sufficient to implement risk-adapted treatment
approaches regarding cytogenetic abnormalities [94].

European experts recommend the assessment of risk fac-
tors to obtain important prognostic information but that these
should not necessarily determine treatment decisions, with the
exception of age as the only risk factor significantly impacting
treatment decisions. It is recommended that all patients receive
the most effective treatment regardless of risk status, meaning
that highly effective regimens should not be reserved for high-
risk disease because patients with standard-risk disease derive
significant benefit from receiving highly effective treatment.
For example, in the IFM 2005/01 trial, which compared bort-
ezomib plus dexamethasone with VAD induction, patients
with ISS stage 1 disease had a higher response rate than those
with ISS stage 2 or ISS stage 3 disease [22]. Similarly, in the
HOVON/GMMG-HD4 trial, which examined PAD versus
VAD induction followed by bortezomib and thalidomide
maintenance, respectively, patients with ISS stage 1 disease
had longer PFS and OS times than those with ISS stage 2 or ISS
stage 3 disease [27]. Notably, the total therapy approach pio-
neered by the Arkansas group was found to result in a 4-year
CR rate of 89% in patients defined as low risk by GEP, corre-
sponding to an estimated operational cure rate of 55% [101],
unambiguously demonstrating the benefit of the application of
highly effective combination regimens for patients with low-
risk disease. On the other hand, it is recognized that this ap-
proach may lead to the overtreatment of some patients and to a
limitation of treatment options in cases of relapse.

There are some data to suggest that bortezomib-containing
regimens retain efficacy in the presence of some high-risk cy-
togenetic abnormalities [24, 52, 102–104]. For example, bort-
ezomib plus dexamethasone, PAD, or VTD may be the

preferred approach for induction treatment in the presence of
t(4,14). In addition, the administration of bortezomib before
and after ASCT in the HOVON/GMMG-HD4 trial (PAD in-
duction, bortezomib maintenance) resulted in a significantly
better outcome for patients with del17p than treatment in the
control arm (VAD induction, thalidomide maintenance), sug-
gesting that long-term administration of bortezomib may be
beneficial for these patients [52]. The RVD combination is a
preferred approach by some investigators [30, 100, 105]. For
patients with del17p, an upfront alloSCT may be an option if
the patient has a donor and is in a good general condition [106].
Taken together, although patients with high-risk disease have a
better outcome with novel agent treatment than with conven-
tional treatments (e.g., VAD), their survival times remain
shorter than those seen for patients with standard-risk disease,
and therefore novel approaches are still required for these pa-
tients.

SUMMARY AND OUTLOOK
The management of MM has come a long way, and exciting
developments are ongoing, not only in terms of new treatment
options but also in our understanding of the biology of the ma-
lignancy, which is supported by the application of techniques
such as GEP and single nucleotide polymorphism (SNP) ar-
rays. The recent genome sequencing of myeloma samples is
shedding light on important mutations and will contribute to a
better understanding of the pathobiology of the malignancy as
well as potential treatment targets [107].

The genotypic heterogeneity of MM is a challenge, and in-
tense research efforts are ongoing to identify and characterize
molecular factors that provide relevant prognostic information
as well as to identify new targets for treatment [108, 109]. Us-
ing GEP, a number of signatures associated with a poor prog-
nosis have been identified [110–117]. However, GEP is not
only finding application in the molecular classification of pa-
tients but is also being investigated as a method to identify fac-
tors associated with toxicities seen with certain treatments
[118–122], which may in the future enable the identification of
patients likely to succumb to particular adverse events and may
therefore provide a way of personalizing treatment. Moreover,
molecular techniques may find application in guiding treat-
ment decisions by predicting response to treatment [123].

Highly effective novel agents are inducing responses
deeper than those previously obtained, and the use of tech-
niques to measure responses both at the bone marrow level and
outside the bone marrow will contribute to an accurate assess-
ment of the efficacy of therapies in order to devise appropriate
treatment strategies.

Patients resistant to novel agents present a particularly
challenging group, as shown in a recent IMWG analysis in
which patients who were refractory to novel agents had a me-
dian EFS duration of only 5 months and a median OS time of 9
months [124]. These patients require novel strategies, such as
treatment with newer antimyeloma agents and sophisticated
combinations [15]. A host of newer agents is currently under-
going investigation, including third-generation IMiDs (poma-
lidomide) and second-generation proteasome inhibitors
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(carfilzomib, marizomib), and also agents directed at novel tar-
gets that play an important role in myeloma disease biology,
for example, monoclonal antibodies for CS1 (elotuzumab) or
interleukin-6 (siltuximab [CNTO328]), histone deacetylase in-
hibitors (vorinostat, panobinostat), and mammalian target of
rapamycin (mTor) inhibitors (temsirolimus), and ongoing clin-
ical trials will define how these agents should be incorporated
into existing treatment strategies.

The prognosis of MM patients has improved substantially,
from a malignancy for which few treatment options were avail-
able and which was associated with a particularly bleak out-
look to a disorder that some will argue should no longer be
referred to as “incurable” [125, 126]. The substantial develop-
ments observed over the recent past are a result of the dedi-
cated commitment of patients, clinicians, and nurses
participating in national and international clinical trials. It is
hoped that future concerted efforts will continue to drive such
progress in the development of effective therapies to eradicate
the tumor clone and the use of appropriate tools to assess the
efficacy of treatment, with the ultimate aim of developing
treatment strategies that offer QoL and survival prolongation,
and that cure is no longer a dream [127].
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