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Laura Rosiñol,1 Albert Oriol,2 Ana Isabel Teruel,3 Dolores Hernández,4 Javier López-Jiménez,5 Javier de la Rubia,6
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The Spanish Myeloma Group conducted a
trial to compare bortezomib/thalidomide/
dexamethasone (VTD) versus thalido-
mide/dexamethasone (TD) versus
vincristine, BCNU, melphalan, cyclophos-
phamide, prednisone/vincristine, BCNU,
doxorubicin, dexamethasone/bortezomib
(VBMCP/VBAD/B) in patients aged 65 years
or younger with multiple myeloma. The pri-
mary endpoint was complete response (CR)
rate postinduction and post–autologous
stem cell transplantation (ASCT). Three
hundred eighty-six patients were allo-

cated to VTD (130), TD (127), or
VBMCP/VBAD/B (129). The CR rate was
significantly higher with VTD than with
TD (35% vs 14%, P � .001) or with VBMCP/
VBAD/B (35% vs 21%, P � .01). The me-
dian progression-free survival (PFS) was
significantly longer with VTD (56.2 vs
28.2 vs 35.5 months, P � .01). In an
intention-to-treat analysis, the post-ASCT
CR rate was higher with VTD than with TD
(46% vs 24%, P � .004) or with VBMCP/
VBAD/B (46% vs 38%, P � .1). Patients
with high-risk cytogenetics had a shorter

PFS and overall survival in the overall
series and in all treatment groups. In
conclusion, VTD resulted in a higher pre-
and posttransplantation CR rate and in a
significantly longer PFS although it was
not able to overcome the poor progno-
sis of high-risk cytogenetics. Our re-
sults support the use of VTD as a highly
effective induction regimen prior to
ASCT. The study was registered with
http://www.clinicaltrials.gov (NCT00461747)
and Eudra CT (no. 2005-001110-41).
(Blood. 2012;120(8):1589-1596)

Introduction

Autologous stem cell transplantation (ASCT) is an essential part of
the treatment of young patients with multiple myeloma (MM).1-4

Indeed, MM is the most frequent indication for ASCT in both
Europe and the United States.4 The level of tumor burden reduction
after ASCT, particularly the achievement of complete response
(CR) or at least very good partial response (VGPR), has emerged as
the most important factor associated with a prolonged progression-
free survival (PFS) and overall survival (OS).5-8 Furthermore, the
sensitivity to the initial chemotherapy, measured by the M-protein
reduction at the time of transplantation, is the most important
predictor of residual disease after ASCT.7,9,10 Regarding induction
therapy, both a meta-analysis on trials using induction with
conventional chemotherapy11 and a recent study using bort-
ezomib12 have shown a strong association between maximal
response at the time of transplantation and long-term outcome. As a
consequence, the choice of the induction therapy is crucial for survival
after transplantation. In this regard, the availability of novel antimy-

eloma drugs, particularly thalidomide and bortezomib, has provided the
frame for improving the results of the pretransplantation induction
therapy. Thus, the combination of thalidomide and dexamethasone (TD)
was superior to vicristine, adriamycin, dexamethasone (VAD)13,14 and
its use was approved by the US Food and DrugAdministration (FDA) as
a pretransplantation induction regimen. The association of bortezomib
and dexamethasone (VD) has also been superior to VAD15 and has
become a frequently used induction regimen before ASCT.1-4 However,
the improvement achieved with TD or with VD over VAD or other
chemotherapy regimens in terms of response rate and PFS has been
modest. In more recent trials, thalidomide and bortezomib are used in
the so-called triple combinations, the most common being thalidomide/
adriamycin/dexamethasone (TAD),16 cyclophosphamide/thalidomide/
dexamethasone (CTD),17 bortezomib/adriamycin/dexamethasone
(PAD),18,19 and bortezomib/thalidomide/dexamethasone (VTD).20 Impor-
tantly, it must also be considered that the greatest benefit should be
obtained at a reasonable toxicity cost.

Submitted February 6, 2012; accepted June 11, 2012. Prepublished online as
Blood First Edition paper, July 12, 2012; DOI 10.1182/blood-2012-02-408922.

The online version of this article contains a data supplement.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 USC section 1734.

© 2012 by The American Society of Hematology

1589BLOOD, 23 AUGUST 2012 � VOLUME 120, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/120/8/1589/1498997/zh803412001589.pdf by guest on 08 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2012-02-408922&domain=pdf&date_stamp=2012-08-23


In this evolving area of pretransplantation induction regimens for
MM, the Spanish Myeloma Group activated a 3-arm randomized
trial comparing the efficacy of triple combination VTD versus the
“standard” TD versus the alternating combination chemotherapy
vincristine, BCNU, melphalan, cyclophosphamide, prednisone/
vincristine, BCNU, doxorubicin, dexamethasone (VBMCP/VBAD)
used in the previous Spanish transplantation trials21 followed by
2 courses of bortezomib. The primary endpoint was aimed at
determining whether VTD could result in higher postinduction and
posttransplantation CR rates.

Methods

Patients

Patients with newly diagnosed and untreated symptomatic MM who were
65 years of age or younger with measurable serum and/or urine M protein
were eligible for entering the study. The main inclusion criteria required
performance status � 3, hemoglobin level � 8 g/dL, neutrophil count
� 1 � 109/L, platelet count � 50 � 109/L, liver enzymes � 100 IU/L,
serum bilirubin � 1.5 mg/dL, serum calcium � 14 mg/dL, and serum
creatinine � 2 mg/dL. The main exclusion criteria were peripheral neurop-
athy grade � 2, systemic amyloidosis, and a positive serology for HIV or
hepatitis B or C. From April 6, 2006 to August 5, 2009, the 390 planned
patients entered the study. Four patients failed the eligibility criteria: 3 had
monoclonal gammopathy of undetermined significance and 1 had primary
systemic amyloidosis. Thus, 386 patients from 66 institutions from Spain
were analyzed. The study was approved by the Spanish National Health
Service and by all the local institutional ethics committees and was
conducted in accordance with the principles of the Declaration of Helsinki.
All patients gave written informed consent.

Study design and endpoints

Patients were centrally randomly assigned to receive VBMCP/VBAD/B
versus TD versus VTD. Combination chemotherapy with VBMCP/VBAD
chemotherapy plus bortezomib consisted of a total of 4 cycles of alternating
VBMCP and VBAD at doses and schedules as previously described21

followed by 2 cycles of bortezomib (1.3 mg/m2 on days 1, 4, 8, and 11 at
3-week intervals). TD consisted of thalidomide 200 mg daily (escalating
doses in the first cycle: 50 mg on days 1 to 14, and 100 mg on days 15 to
28), and dexamethasone 40 mg orally on days 1-4 and 9-12 at 4-week
intervals for 6 cycles. The VTD arm was identical to TD plus bortezomib
1.3 mg/m2 on days 1, 4, 8, and 11 of each cycle. The duration of the
induction therapy was 24 weeks in all arms. Either low-molecular-weight
heparin or aspirin thromboprophylaxis was recommended for patients
receiving induction therapy with thalidomide. All patients were planned to
undergo ASCT with high-dose melphalan at 200 mg/m2 in a single dose or
in 2 divided doses of 100 mg/m2 on days �3 and �2 followed by stem cell
support. Peripheral blood progenitor cells were collected after mobilization
with granulocyte colony-stimulating factor (G-CSF) at a dose of 10 mcg/kg
subcutaneously every 12 hours for 5 days. In case of inadequate collection,
subsequent mobilizations with cyclophosphamide plus G-CSF, with chemo-
therapy or with perixaflor according to the local practice was allowed.
Patients failing to achieve sufficient stem cell collection to support the
ASCT procedure were removed from the study. Three months after ASCT,
patients were randomized to receive maintenance therapy with interferon
alfa-2b (3 MU subcutaneously 3 times per week) versus thalidomide
100 mg per day orally versus thalidomide 100 mg per day orally plus one
cycle of bortezomib on days 1, 4, 8, and 11 every 3 months. Maintenance
therapy was planned for 3 years. Treatment was discontinued at any time in
case of disease progression, undue toxicity/adverse events, or consent
withdrawal. Concomitant medication consisted of zoledronic acid 4 mg IV
every 4 weeks for up to 2 years. Antibiotic prophylaxis and/or post-ASCT
G-CSF were administered accordingly with local clinical practice. The
main endpoints were the CR rate after induction and after ASCT. Secondary
endpoints were PFS, OS, and safety.

Safety

Adverse events were graded according to the National Cancer Institute
Common Toxicity Criteria (Version 3.0). Bortezomib or combination
chemotherapy was withheld in cases of grade 4 hematologic toxicity or
grade � 3 nonhematologic toxicity until toxicity returned to at least grade
� 2. Concerning bortezomib, if the toxicity resolved, it was restarted at a
dose reduced by 25% (1.3-1 mg/m2 or 1.0-0.7 mg/m2). Bortezomib-induced
peripheral neuropathy or neuropathic pain was managed as previously
described.22,23 In the case of grade 2 thalidomide-related peripheral
neuropathy, the dose of thalidomide was reduced by 50%; in the case of
grade 3, thalidomide was discontinued until it became grade � 1 and then
restarted with a dose reduction of 50%. A subsequent 50% dose reduction
was permitted when necessary. For any grade 3 or 4 adverse event related to
dexamethasone, the drug was withheld until toxicity returned to grade 2 or
less. Dexamethasone was restarted at a dose reduced by 50%, and if toxicity
recurred, a second 50% reduction was allowed.

Response assessment

Response and progression were assessed according to the criteria of the
European Group for Blood and Marrow Transplantation (EBMT).24 In a
post-hoc analysis, the VGPR category, as defined in the Uniform Response
Criteria for MM, was also assessed.25 In short, CR required the disappear-
ance of the original myeloma protein in serum and urine immunofixation
and less than 5% bone marrow plasma cells (BMPCs). Partial response (PR)
required a serum M protein decrease of 50% or more and a urine M protein
decrease � 90% or more, and/or to � 200 mg/24 hours as well as a
reduction in 50% or more in the cross-sectional areas of extraosseous
plasmacytomas. VGPR required a decrease of the serum M protein � 90%
and a 24-hour urine M-protein excretion lower than 100 mg. Responses
were evaluated on an intention-to-treat basis. Responses reported by the
investigators were centrally reassessed. Transient responses with subse-
quent progression before or at the completion of the 6 cycles of the
induction therapy were considered as treatment failures.

FISH studies

BMPCs were isolated with anti-CD138–coated magnetic beads using the
AutoMACs automated separation system (Miltenyi Biotec). Interphase
fluorescence in situ hybridization (FISH) analysis was performed with
specific probes (Abbott Molecular/Vysis) for 13q and 17p deletions, and
immunoglobulin heavy chain (IGH) translocations including t(11;14),
t(4;14), and t(14;16), as previously described.26 All cytogenetic studies
were centrally performed at the laboratories of Hospital Clínico of
Salamanca and at the Hospital Doce de Octubre in Madrid.

Sample size and statistical analysis

A sample size of 390 patients (130 per arm), considering a loss of 10%, was
calculated to achieve 80% statistical power to detect a 15% difference
among groups in postinduction and posttransplantation CR rates with a type
I error of 0.05. The �2 test was used to assess the statistical significance of
multiple comparisons. The postinduction and post-ASCT CR rates were
calculated on an intention-to-treat basis including all randomized patients.
PFS was calculated from the date of randomization to the date of relapse,
progression, or death from any cause. Patients who were removed from the
study during the induction period because of toxicity and received
alternative therapy before progression were censored for PFS at the time
when the alternative treatment was initiated. OS was calculated from
randomization to the date of death or last visit. Survival curves were plotted
according to the method of Kaplan and Meier27 and statistically compared
by the log-rank test.28

Study monitoring

The study was monitored by an external contract research organization
(CRO). Both response to therapy and toxicity was centrally reassessed by the
principal investigators. Although the recruitment of patients was finished in
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August 2009 the study is still in a continuous updating process. The cutoff for this
report was August 13, 2011.

Results

Randomization and comparability of treatment groups

Four of the 390 randomized patients did not fulfill the diagnostic
criteria of MM (3 patients had monoclonal gammopathy of
undetermined significance and one had primary systemic amyloido-
sis) and were excluded from the analysis for violation of inclusion
criteria. The 386 eligible patients (median age: 56 years; male:
207, female: 179) were allocated to: VBMCP/VBAD/B (129 patients),
TD (127 patients), or VTD (130 patients). The M-protein type was:
IgG in 233 patients, IgA in 85, light chain: 57, IgD: 9, and IgM: 2).
The stage according to the International Staging System (ISS) was
I in 147 patients, II in 160, III in 75, and unknown in 4. Sixty-six
patients (17%) had extramedullary soft-tissue plasmacytomas
defined as soft-tissue masses resulting either from metastatic
spread or arising from lytic bone lesions. FISH cytogenetics were
performed in 330 of the patients included in the trial and 70 of them
(21%) had high-risk cytogenetics: t(4;14), t(14;16), and/or 17p deletion.
The pretreatment characteristics of patients according to treatment
arm are shown in Table 1. Prognostic factors, including ISS stage
and cytogenetic status, were well balanced among the 3 treatment
groups.

Response to the induction therapy

The response to induction therapy according to treatment arm is
shown in Table 2. The immunofixation electrophoresis (IFE)–
negative CR rate was significantly higher with VTD (35%)
compared with TD (14%) and VBMCP/VBAD/B (21%; P � .0001
and P � .01, respectively). Of interest, in the VBMCP/VBAD/B
arm, the CR rate increased from 8% after the 4 cycles of
VBMCP/VBAD to 21% after the completion of the 2 bortezomib
courses. The progressive disease (PD) rate during induction was
significantly lower with VTD than with TD (7% vs 23%, P � .0004).
In patients with extramedullary soft-tissue plasmacytomas, the CR
rate was significantly higher with VTD compared with TD (42% vs
14%, P � .02) and the PD rate was significantly lower with VTD
(12% vs 40%, P � .02; Table 3). In all these subanalyses, the
VBMCP/VBAD/B arm showed an intermediate efficacy between
VTD and TD. In the overall series, the PD rate was significantly
higher in patients with extramedullary plasmacytoma (EMP)
compared with patients without (24% vs 11%, P � .01). This
higher PD rate in patients with EMP was observed in the
3 treatment arms (12% vs 6% with VTD, 24% vs 9% with
VBMCP/VBAD/B, and 40% vs 19% with TD). In patients with
high-risk cytogenetics, the CR rate was significantly higher with
VTD compared with TD (35% vs 0%, P � .002) and with
VBMCP/VBAD/B (35% vs 22%, P � .02; Table 4). Among the
45 patients with t(4;14), the CR rate was significantly higher with
VTD than with VBMCP/VBAD/B (38% vs 25%, P � .05) or with
TD (38% vs 0%, P � .01). Similarly, among the 22 patients with
17p deletion, the CR rate with VTD was 58% while none of the
patients with this cytogenetic abnormality entered CR with VBMCP/
VBAD/B or with TD (P � .03 and P � .02, respectively).

Table 1. Characteristics of the patients according to treatment arm

QT � V, n � 129 TD, n � 127 VTD, n � 130

Median age, y 57 56 56

Sex, male/female, % 52/48 54/46 55/45

M-protein type, %

IgG 61 55 65

IgA 21 25 19

Light chain 15 17 12

IgD 2 3 3

IgM 1 0 1

Hb � 10 g/dL, % 37 32 27

EMP, % 13 18 20

Poor cytogenetics: t(4;14),

t(14;16), del(17p), %

18 17 18

QT � V indicates chemotherapy � bortezomib; TD, thalidomide/dexametha-
sone; VTD, bortezomib/thalidomide/dexamethasone; Hb, hemoglobin; and EMP:
extramedullary plasmacytomas

Table 2. Response rate to induction therapy according to treatment
arm

QT � V, n � 129 TD, n � 127 VTD, n � 130

CR, % 21* 14* 35*

VGPR, % 15 15 25

PR, % 39 33 25

SD, % 12 12 6

PD, % 12† 23 7‡

Early deaths, % 1 1 2

QT � V indicates chemotherapy � bortezomib; TD, thalidomide/dexametha-
sone; VTD, bortezomib/thalidomide/dexamethasone; CR, complete response; VGPR,
very good partial response; PR, partial response; SD, stable disease; and PD,
progressive disease.

*VTD vs QT � V, P � .01; VTD vs TD, P � .0001.
†QT � V vs TD, P � .02.
‡VTD vs TD, P � .0004.

Table 3. Response rate in patients with EMP

QT � V, n � 17 TD, n � 23 VTD, n � 26

CR, % 29 14* 42*

VGPR, % 12 8 12

PR, % 35 22 26

SD, % 0 12 4

PD, % 24 40† 12†

Early deaths, % 0 0 4

EMP indicates extramedullary plasmacytoma; CR, complete response; VGPR,
very good partial response; PR, partial response; SD, stable disease; and PD,
progressive disease.

*P � .02.
†P � .02.

Table 4. Response rate in patients with high-risk cytogenetics:
t(4;14), t(14;16), del 17p

QT � V, n � 23 TD, n � 22 VTD, n � 23

CR, % 22* 0* 35*

VGPR, % 9 27 22

PR, % 30 18 22

SD, % 13 14 9

PD, % 26† 41† 3†

Early deaths, % 0 0 9

QT � V indicates chemotherapy � bortezomib; TD, thalidomide/dexametha-
sone; VTD, bortezomib/thalidomide/dexamethasone; CR, complete response; VGPR,
very good partial response; PR, partial response; SD, stable disease; and PD,
progressive disease.

*VTD vs TD, P � .002; VTD vs QT � V, P � .02.
†VTD vs TD, P � .004; VTD vs QT � V, P � .04.
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Toxicity, adverse events, and discontinuations within the
induction period

Grade 3 and 4 toxicities as well as grade 3 and 4 adverse events
according to each treatment arm are shown in Table 5. The number
of patients who developed shingles during induction was 10, 5, and
5 in the VBMCP/VBAD/B, TD, and VTD arms, respectively.
Peripheral neuropathy grade � 3 with VTD (14%) was signifi-
cantly higher than with TD (5%; P � .01) and differences with
VBMCP/VBAD/B (9%) were not significant. An additional 46% of
patients in the VTD arm developed grade 2 peripheral neuropathy
compared with 8% and 15% in the TD and VBMCP/VBAD/B
arms, respectively (P � .001). In the VTD arm, bortezomib dose
reduction because of peripheral neuropathy was required in
33 (25%) of the 130 patients, the dose reductions being required in
19 (57%) of the 33 in cycles 5 and 6. The number of discontinua-
tions because of peripheral neuropathy in the VTD arm was 3 (2%);
2 of these discontinuations were required during cycles 5 and
6. Grade 3 and 4 neutropenia was significantly higher with
VBMCP/VBAD/B than with the remaining 2 arms (22% vs 14%
with TD, P � .05 and 22% vs 10% with VTD, P � .007). No
significant difference in grade � 3 adverse events was recorded
among the 3 treatment groups.

In the VBMCP/VBAD/B arm, 4 patients died and the other
4 were removed because of toxicity within the induction period. In
the TD arm, 2 patients withdrew their consent, 3 died, and 4 developed
severe toxicity precluding the continuation of treatment. Concern-
ing the VTD group, one patient withdrew her consent, 3 died, and
9 were removed because of toxicity. A total of 4 patients died
within the first 2 months from the initiation of therapy (early
deaths): one in the VBMCP/VBAD/B arm, one in the TD group,
and 2 in the VTD arm (Table 2). The number of patients
discontinued within the induction therapy period because of
disease progression was 15, 29, and 9 for the VBMCP/VBAD/B,
TD, and VTD arms, respectively.

Stem cell mobilization and response after ASCT

In the overall series, the median time between day 1 cycle 6 and
stem cell infusion was 12.1 weeks (95% confidence interval [CI]:
11.6-12.5) with no significant differences among the 3 arms:
11.3 vs 12.6 vs 12.3 weeks for the VBMCP/VBAD/B, TD, and
VTD, respectively. No significant differences in stem cell collec-
tion among the 3 treatment groups were observed. The median

number of CD34-positive cells was 3.1 106/kg in the VBMCP/
VBAD/B arm, 4.5 in the TD arm, and 3.8 in the VTD group. The
number of patients failing G-CSF mobilizations and requiring
cyclophosphamide plus G-CSF was 15 in the VBMCP/VBAD/B
arm, 9 in the TD group, and 4 in the VTD arm. One patient in the
VBMCP/VBAD/B arm failed cyclophosphamide plus G-CSF and
received plerixafor on a compassionate use. There were 2 mobiliza-
tion failures in the VBMCP/VBAD/B arm.

Apart from patients who died or were discontinued because of
toxicity, consent withdrawal, or progression during the active
induction period, the other 17 patients did not undergo the ASCT
(progression between the end of induction and the planned ASCT:
10; mobilization failure: 2; investigator decision: 2; patient re-
fusal:1; adenocarcinoma of the colon: 1; or death: 1). A total of
283 patients underwent ASCT (101 in the VBMCP/VBAD/B arm,
79 in the TD arm, and 103 in the VTD arm). The median duration
of neutropenia (� 0.5 � 109/L) after stem cell infusion was 11, 12, and
12 days for the VBMCP/VBAD/B, TD, and VTD arms, respec-
tively. The median duration of thrombocytopenia (� 50 � 109/L)
was 17, 14, and 17 days, respectively. There were 2 transplantation-
related deaths (1 in the VBMCP/VBAD/B and 1 in the VTD arm).
On an intention-to-treat basis, including all randomized patients,
the post-ASCT CR rate was significantly higher in the VTD arm
compared with TD (46% vs 24%, P � .004) and there was a trend
toward a higher CR rate compared with VBMCP/VBAD/B (46%
vs 38%, P � .2). The upgrade to CR with ASCT was from 21% to
38% in the VBMCP/VBAD/B arm, from 14% to 24% with TD, and
from 35% to 46% with VTD. When considering only the patients
who actually underwent the ASCT, the CR rate was 48%, 40%, and
57% for the VBMCP/VBAD/B, TD, and VTD arms, respectively.
The increase in CR rate was from 21% to 48% with the
VBMCP/VBAD/B, from 14% to 40% with TD, and from 35% to
57% in the VTD group.

PFS, OS, and survival after progression

After 2 years from the inclusion of the last patient and a median
follow-up of 35.2 months, the median PFS for the overall series
was 33.1 months, being significantly higher with VTD than with
VBMCP/VBAD/B or with TD (56.2 vs 35.3 vs 28.2 months,
respectively; P � .01, Figure 1). The estimated overall survival at
4 years from randomization was 74% for VTD, 70% for VBMCP/
VBAD/B, and 65% for TD (P � NS, Figure 2). There were no
significant differences in PFS among patients with and without
EMPs (median median 33 months vs 27.8 months, P � .25).
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Figure 1. PFS according to treatment arm (VTD vs TD vs VBMCP/VBAD/B).

Table 5. Grade 3 and 4 toxicities and adverse events according to
treatment arm

QT � V (%),
n � 129

TD (%),
n � 127

VTD (%),
n � 130

Neutropenia 29 (22) 18 (14) 13 (10)

Thrombocytopenia 8 (6) 6 (5) 10 (8)

DVT/PE 5 (4) 6 (5) 15 (12)

Infection 20 (15) 21 (16) 27 (21)

Gastrointestinal 11 (8) 3 (25) 11 (8)

Peripheral neuropathy

Grade 3 9 (7) 6 (5) 15 (12)

Grade 4 2 (2) 0 2 (2)

Discontinuations during induction

Toxicity 4 (3) 4 (3) 9 (7)

Disease progression 15 (12) 29 (23) 9 (7)

Death 4 (3) 3 (2) 3 (2)

Consent withdrawal 0 2 (2) 1 (1)

QT � V indicates chemotherapy � bortezomib; TD, thalidomide/dexametha-
sone; VTD, bortezomib/thalidomide/dexamethasone; DVT, deep vein thrombosis;
and PE, pulmonary embolism.
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However, the OS was significantly shorter in patients with extramed-
ullary disease (median not reached vs 46.7 months, P � .03). In the
overall series, patients with high-risk cytogenetics had a signifi-
cantly shorter PFS compared with the good-risk group (median
18.1 vs 35 months; P � .0017, Figure 3). In addition, patients with
poor-risk cytogenetics had a significantly shorter PFS when treated
with TD (median 8.9 vs 29.4 months, P � .04) and there was also a
trend toward a shorter PFS after induction with VTD (median
23.5 months vs not reached, P � .06) and with VBMCP/VBAD/B
(median 18 vs 35.3 months, P � .14; Figure 3). In the overall
series, patients with high-risk cytogenetics had a significantly
shorter OS (median 41 months vs not reached; P � .0001, Figure
4), irrespective of the treatment arm: VBMCP/VBAD/B (median
31 months vs not reached, P � .006), TD (median 41.5 months vs
not reached, P � .01), and VTD (median 56.6 months vs not
reached, P � .005). Finally, survival from progression (median
28.1 months) was significantly shorter in patients with high-risk cytoge-
netics compared with that of those with standard-risk cytogenetics
(median 12.3 months vs not reached; P � .00015, Figure 5). This

significantly shorter survival after progression for patients with
high-risk cytogenetics was observed in the 3 treatment arms
(Figure 5). In the overall series, the survival after relapse was not
significantly different among the 3 induction arms (median 28 months
vs 30.6 months vs 20.3 months, P � .4). After a median follow-up
of 24 months from the initiation of maintenance, the PFS was
significantly longer with thalidomide/bortezomib compared with
thalidomide alone and with alfa2-IFN (78% vs 63% vs 49% at
2 years, P � .01). However, the OS was not significantly different
among the 3 maintenance arms.

Discussion

The achievement of the lowest possible tumor burden with the
induction therapy is crucial because it is associated with the
enhancement in the quality of response reached after ASCT, which
in turn is the best surrogate for a prolonged PFS and OS. In the
present trial, we have compared the “standard” combination of TD
with VBMCP/VBAD chemotherapy plus 2 courses of bortezomib
and with the triple combination VTD. The rationale for using
VBMCP/VBAD plus bortezomib was the high response rate after
4 to 6 cycles of VBMCP/VBAD observed in our previous
PETHEMA studies5,21 which could be theoretically further en-
hanced before ASCT by bortezomib once the tumor burden has
been already reduced with the chemotherapy component. In our
study, VTD resulted in 35% CR and 60% at least VGPR rates,
which were significantly superior to those achieved with TD and
with VBMCP/VBAD/B. In fact, this 35% CR rate is the highest
reported so far with any induction pretransplantation regimen. This
efficacy is likely because of the dose intensity administered in our
trial (ie, 6 full-dose cycles). Thus, in the Italian study, the CR rate
with 3 cycles of VTD was 19%29 while in the Intergroupe
Francophone du Myelome (IFM) trial, using 4 cycles of VTD with
reduced doses of bortezomib and thalidomide, the CR rate was
13%.30 In addition, in the seminal study by the MD Anderson group
administering “no more than 3” cycles of VTD, the CR rate was

Figure 2. OS according to treatment arm. The estimated OS at 4 years was 74%
for VTD, 70% for VBMCP/VBAD/B, and 65% for TD (P � NS).

Figure 3. PFS in patients with low- and high-risk
cytogenetics.

SUPERIORITY OF VTD AS INDUCTION THERAPY IN MM 1593BLOOD, 23 AUGUST 2012 � VOLUME 120, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/120/8/1589/1498997/zh803412001589.pdf by guest on 08 June 2024



16%.20 The impact of dose intensity in triple induction regimens
containing bortezomib is further illustrated by the results reported
with PAD (24% CR rate with 4 full-dose cycles vs only 11% with the
bortezomib-reduced dose).31 In patients with high-risk cytogenetics
[t(4;14) and/or 17p deletion], the CR rate obtained with VTD was
as high as in the overall series and also significantly higher than
with the other 2 arms.

In contrast with other reports, a PD rate of approximately 13%
during the induction period was observed in the present series,
being the highest PD rate for patients in the TD arm and the lowest
in the VTD group. It is likely that our longer induction period
allowed the emergence and recognition of early progressions in
patients with dexamethasone-associated transient responses not
becoming apparent when shorter induction treatments were admin-
istered. It is of interest that a significantly increased rate of PD was
observed in patients with soft-tissue plasmacytomas. Thus, VTD
resulted in the highest CR and VGPR rates as well as in the lowest
PD rate, both in the overall series and in patients with high-risk
cytogenetics, while TD was suboptimal, particularly in patients
with high-risk cytogenetics as well and in those with extramedul-
lary involvement.

No relevant differences in adverse events, other than peripheral
neuropathy, were observed among the 3 treatment groups. Concern-
ing grade � 3 peripheral neuropathy, it was significantly higher
with VTD than with TD (14% vs 5%) and it was observed in 9% of
patients receiving VBMCP/VBAD plus 2 cycles of bortezomib.
Unfortunately, the 14% grade 3 and 4 peripheral neuropathy with
6 courses of VTD was higher than the 10% with 3 cycles reported
in the Italian study29 and the only 3% in the IFM trial with the
reduced dosing of bortezomib and thalidomide.30 In addition, the
46% of grade 2 peripheral neuropathy in our trial was significantly
higher than that observed in the Italian and in the IFM trials, using a
less-intensive VTD induction.29,30 However, it is also of note that
grade � 3 peripheral neuropathy after 4 cycles of bortezomib and
dexamethasone in 2 consecutive IFM trials was as high as 9% and
11%, respectively.15,30 Thus, peripheral neuropathy remains the
main issue of concern in all bortezomib-based combinations15,29,30

and the benefit in response rate of an intensive dose induction, as
the one in the present study administering 6 cycles of VTD, should
be weighed against the higher rate of peripheral neuropathy. In any
event, careful prevention, as well as an appropriate management
with dose and schedule adjustments, is crucial.22,23 The subcutane-
ous administration of bortezomib, which apparently results in a
significantly lower peripheral neuropathy rate while maintaining
the efficacy,32 may reduce current rates of bortezomib-induced
peripheral neuropathy. Other possible future alternatives could be
the use of the irreversible proteasome inhibitor carfilzomib, which
has a significantly lower risk of peripheral neuropathy and a high
antimyeloma activity,33 or oral protesome inhibitors.

No significant differences in either stem cell collection or
engraftment were observed among the 3 treatment groups. It is
worth mentioning that only 73% of our patients underwent the
planned ASCT as per protocol. A similar failure rate was reported
in the most recent Medical Research Council (MRC) trials.17

However, the proportion of patients receiving the ASCT in our trial
was lower than the 89% in the GIMEMA study and the 90% in the
IFM trial using VTD.29,30 The reason why 27% of our patients did
not receive the planned ASCT was early study discontinuation
mainly because of disease progression or toxicity as previously

Figure 4. OS in patients with low- and high-risk
cytogenetics.

Figure 5. OS from progression according to the cytogenetic risk.
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discussed. Despite this fact, in an intention-to-treat analysis on all
randomized patients, the posttransplantation CR rate was signifi-
cantly higher with VTD compared with TD (46% vs 24%) and
there was also a trend toward a higher CR rate than with
VBMCP/VBAD/B (46% vs 38%). When considering only patients
who actually underwent the ASCT, the CR rates were increased
from 35% to 57% in the VTD arm, from 21% to 48% in the
VBMCP/VBAD/B arm, and from 14% to 40% in the TD group.
This strongly supports the use of upfront ASCT for MM even in the
era of novel agents. The CR rate of 46% after ASCT in the VTD
arm is the highest reported so far in phase 3 trials, and it compares
favorably with the 38% achieved in the Italian study with 3 courses
of VTD and the first ASCT and approaches the 49% reached after
tandem ASCT and VTD consolidation in the same trial.29 Further
enforcing the impact of dose-intensity induction, the post-ASCT
CR rate in the IFM study using VTD at reduced doses of
bortezomib and thalidomide was only 29%.30 On the other hand,
the posttransplantation CR rate achieved with TD is similar to that
observed in large contemporary trials using VAD15,16,18 or cyclophos-
phamide, vincristine, adriamycin, dexamethasone (C-VAD)17 and,
as a consequence, all of these regimens should be considered
suboptimal, particularly in patients with high-risk cytogenetics or
EMP. In contrast, the 38% rate obtained with VBMCP/VBAD/B
plus 2 courses of bortezomib compares favorably to that recently
reported with triple thalidomide combinations such as TAD16 or
CTD,17 or with bortezomib plus dexamethasone,15,30 and therefore,
this combination could be considered as a reasonable pre-ASCT
induction option, although it is inferior to VTD.

The median PFS with VTD was significantly longer than with
the other 2 arms. However, as in all other studies15-18,29 and with the
current follow-up, this has not resulted in a significant OS
prolongation. The capacity of novel agents to overcome the poor
outcome of patients with high-risk cytogenetics remains an issue of
controversy.34 In our study, patients with high-risk cytogenetics had
a significantly shorter PFS than those with “standard” cytogenetic
risk. Importantly, the shorter PFS in patients with high-risk
cytogenetics was observed in all 3 treatment arms. Concerning OS,
it was significantly shorter in high-risk patients irrespective of the
treatment group. Thus, in our series, and in contrast with the results
of the Italian study,29 the VTD regimen was not able to overcome
the poor prognostic impact of high-risk cytogenetics. In fact, the
median PFS of 18 months in our patients is comparable with the
median PFS of 18 and 20 months recently reported in the MRC IX
trial using C-VAD and CTD, respectively.17 The short PFS in
patients with high-risk cytogenetics was also similar to that
reported in the HOVON-65/GMMG-HD4 trial comparing VAD
versus PAD [17.6 and 21.7 months for patients with deletion
17p and t(4;14), respectively].18 The Arkansas group also reported
that TP53 deletion was not an adverse prognostic feature in patients
with Total Therapy 3 including VTD in induction, consolidation,
and maintenance.35 Contrasting with the results of the previous
paragraph, the IFM group reported in a large number of patients
that induction with bortezomib plus dexamethasone versus VAD
improved the outcome of patients with t(4;14) while no improve-
ment for patients with deletion 17p was observed.36 However, in
the latter study, the 2 cytogenetic abnormalities had a negative
impact on both PFS and OS, despite the use of the induction
bortezomib-based regimen. In a recent PETHEMA/GEM trial in
elderly patients, induction with melphalan, prednisone, bortezomib
(MPV) or with bortezomib, thalidomide, prednisone (VTP) fol-
lowed by bortezomib maintenance was not able to overcome the
adverse prognosis of high-risk cytogenetics.37 When looking at the

results of the reported trials, it seems that, although some improve-
ment can be achieved in patients with high-risk cytogenetics with
the use of bortezomib-based regimens, this improvement is in
general quite modest and not enough to overcome the poor
prognosis of high-risk cytogenetics. In any event, pretransplanta-
tion induction therapy should be based on highly active triple
combinations. In our trial, the PFS was significantly longer with
thalidomide/bortezomib maintenance compared with thalidomide
alone, with no significant impact on OS. It is unlikely that the
maintenance component of this study has an impact on the PFS
observed between the different induction arms because the mainte-
nance groups were well balanced in terms of induction group and
response status at the time of maintenance randomization after
ASCT.38 One important finding of our study is that the survival
from progression in patients with high-risk cytogenetics was only
12 months, significantly shorter than that of patients with standard
cytogenetic risk. This significantly shorter survival after relapse was
noted in the 3 treatment arms and was likely because of the limited
efficacy of salvage therapies in this setting.

In summary, our study shows that induction with VTD results in
a higher CR rate in both the overall series and in patients with
high-risk cytogenetics. The post-ASCT CR rate is also higher with
VTD. The VTD regimen was associated with a longer PFS
although this regimen was not able to overcome the poor outcome
of patients with high-risk cytogenetics. Our findings extend the
results of the other 2 trials comparing VTD with TD29 or with
bortezomib plus dexamethasone,30 and support the use of VTD as
the best induction regimen reported so far for patients with MM
who are eligible for ASCT.
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21. Bladé J, Rosiñol L, Sureda A, et al. High-dose
therapy intensification compared with continued
standard chemotherapy in multiple myeloma pa-
tients responding to the initial chemotherapy:
long-term results from a prospective randomized
trial from the Spanish Coperative Croup PET-
HEMA. Blood. 2005;106(12):3755-3759.
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