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Background

High-dose therapy with melphalan can prolong survival among patients with mul-
tiple myeloma. We assessed whether the addition of thalidomide, which has activity 
against advanced and refractory myeloma, would further improve survival.

Methods

Between October 1998 and February 2004, 668 patients with newly diagnosed mul-
tiple myeloma received two cycles of intensive melphalan-based chemotherapy, each 
supported by autologous hematopoietic stem-cell transplantation. A total of 323 
were randomly assigned to receive thalidomide from the outset until disease pro-
gression or undue adverse effects, and 345 did not receive thalidomide. The primary 
end point was the five-year event-free survival rate. Secondary end points were com-
plete response and overall survival.

Results

After a median follow-up of 42 months among survivors, the thalidomide and con-
trol groups had rates of complete response of 62 percent and 43 percent, respec-
tively (P<0.001), and five-year event-free survival rates of 56 percent and 44 percent 
(P = 0.01). The five-year rate of overall survival was approximately 65 percent in both 
groups (P = 0.90). Median survival after relapse was 1.1 years in the thalidomide 
group and 2.7 years in the control group (P = 0.001). Severe peripheral neuropathy 
and deep-vein thrombosis occurred more frequently in the thalidomide group than 
in the control group.

Conclusions

When incorporated into high-dose therapy for myeloma, thalidomide increased the 
frequency of complete responses and extended event-free survival at the expense of 
added adverse effects without improving overall survival. (ClinicalTrials.gov num-
ber, NCT00083551.)
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The steep dose–response effect of 

melphalan in patients with multiple my-
eloma can be used to therapeutic advan-

tage when supported with infusions of autolo-
gous peripheral-blood stem cells.1,2 After a pilot 
trial of two transplantations in patients with 
multiple myeloma,3 a larger trial (the InterGroupe 
Francophone du Myélome) reported seven-year 
event-free and overall survival rates of 20 and 40 
percent, respectively — twice the rates obtained 
with single transplantations.4,5 Our phase 3 ran-
domized trial was prompted by the demonstra-
tion of the efficacy of thalidomide (Kevadon) in 
multiple myeloma that is refractory to post-trans-
plantation salvage therapies.6,7 We sought to deter-
mine whether the addition of thalidomide to in-
tensive chemotherapy would improve the outcome 
among patients with multiple myeloma.

Me thods

Patients

Between October 1998 and February 2004, we 
enrolled 668 patients who had newly diagnosed 
progressive or symptomatic multiple myeloma, 
were 75 years old or younger, and had received no 
more than one cycle of prior therapy. All patients 
provided written informed consent in keeping with 
the guidelines of the participating institution and 
the National Cancer Institute. The protocol was 
approved by the institutional review board and the 
Food and Drug Administration and was monitored 
by a data and safety monitoring board as required 
by the National Cancer Institute for phase 3 trials. 
Data on eligibility, dosing, response, and adverse 
effects were checked by a certified independent 
auditing team, usually every six months; each au-
dit involved at least 50 patients (a total of 350 were 
audited).

Prior local radiotherapy for pain control or cord 
compression was permitted. Patients had to have 
a Southwest Oncology Group performance status 
of less than 3, unless the score was based solely 
on bone pain. Cardiopulmonary function had to 
be adequate; renal failure, even that requiring he-
modialysis, was not an exclusion criterion.

Treatment

The study design (Fig. 1) required stratification 
of patients according to serum beta

2
-microglob-

ulin levels (less than 4 mg per liter vs. 4 mg per 
liter or more). Table 1 lists the four phases of the 
protocol and the regimens and doses used.8-10

At enrollment, patients were randomly as-
signed either to a control group (no thalidomide) 
or to the experimental group (thalidomide). The 
thalidomide doses were 400 mg daily during in-
duction chemotherapy (withheld on day 5 of cy-
cle 3 of chemotherapy for the collection of pe-
ripheral-blood stem cells), 100 mg daily between 
transplantations, 200 mg daily with consolidation 
therapy, 100 mg daily during the first year of main-
tenance therapy, and then 50 mg on alternating 
days; the drug was given until relapse or adverse 
events occurred. All patients proceeded to the 
transplantation phase regardless of the level of 
response or the lack of response to induction che-
motherapy.

Filgrastim was administered to support induc-
tion and consolidation chemotherapy regimens, 
such as dexamethasone, cyclophosphamide, eto-
poside, and cisplatin; cyclophosphamide, doxoru-
bicin, and dexamethasone; and dexamethasone, 
cisplatin, doxorubicin, cyclophosphamide, and 
etoposide (Table 1), along with prophylactic an-
tibiotics, histamine H

2
 blockers, and recombi-

nant erythropoietin as needed. Unless required for 
the management of pain, renal failure, serious 
infection, or lack of a caregiver, all treatments 
including transplantations were given in the out-
patient setting by experienced members of the 
nursing staff. Low-molecular-weight heparin was 
given prophylactically to all patients in the tha-
lidomide group starting in July 2001 to reduce the 
incidence of deep-vein thrombosis, since the inci-
dence of this complication had not been reduced 
by treatment with low-dose warfarin.

Laboratory Evaluation

Evaluations included serum and urinary protein 
electrophoresis; quantitation of serum immuno-
globulin levels, 24-hour urinary protein excre-
tion, and serum levels of beta

2
-microglobulin and 

C-reactive protein; morphologic interpretation of 
bone marrow aspirates and biopsy specimens; and 
flow cytometry to evaluate nuclear DNA content 
and cytoplasmic immunoglobulin.11 These tests 
were performed before protocol therapy was be-
gun, monthly until the initiation of consolidation 
therapy, and every three to six months thereafter.

Other laboratory studies included peripheral-
blood counts and chemistry analyses. Multiple 
gated acquisition scanning or echocardiography 
was used for cardiac evaluations; pulmonary sta-
tus was evaluated by determining the forced expi-
ratory volume in one second and carbon monox-
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ide diffusion capacity; all test results had to be 
within the institutional range of normal before 
enrollment and before each of the two trans-
plantation regimens. Standard skeletal surveys 
and magnetic resonance imaging (MRI) studies 
of the skeleton were also performed.

Criteria for Response and Relapse

A complete response required the absence of a 
monoclonal immunoglobulin or light chain on 
immunofixation analysis of serum and urine, a 
normal morphologic appearance of bone marrow 
aspirates and biopsy specimens, and the absence, 
on flow cytometry, of aneuploid or light-chain–
restricted cells.11 A partial response was defined 
as a reduction in serum monoclonal immunoglob-
ulin levels by at least 75 percent and in urinary 
light chains by at least 90 percent and a normal 
morphologic appearance of bone marrow aspi-
rates and biopsy specimens. For each definition, 
the criteria had to be met on at least two occasions 
at least two months apart. 

Relapse after a complete response was diag-
nosed on the reappearance of a monoclonal pro-
tein in serum or urine. Relapse after a partial re-
sponse was diagnosed on the basis of an increase 
in serum monoclonal immunoglobulin levels or 
in urinary light chains by at least 50 percent or a 
doubling from the lowest level, whichever oc-
curred first. Disease progression was defined as 
an increase in serum levels of myeloma protein 
or in 24-hour urinary excretion of light chains by 
at least 25 percent. 

In patients with nonsecretory or hyposecretory 
disease, baseline bone marrow plasmacytosis had 
to exceed 30 percent or multiple bone lesions had 
to be detected by MRI (fine-needle aspirates from 
lesions detected in this manner had to contain at 
least 30 percent monoclonal plasma cells). A re-
sponse in patients with nonsecretory multiple my-
eloma required a complete bone marrow response 
or resolution of MRI-defined bone lesions. Re-
lapse of nonsecretory multiple myeloma was de-
fined by the reemergence of monoclonal marrow 
plasmacytosis or focal lesions on MRI. The de-
velopment of new osteolytic lesions and extramed-
ullary multiple myeloma also constituted relapse 
or progression in patients with secretory and 
those with nonsecretory multiple myeloma.

Statistical Analysis

The primary objective of the study was to demon-
strate an increase in the five-year event-free sur-

vival rate from 40 percent in the control group to 
50 percent in the thalidomide group, given a sta-
tistical power of 82 percent and a two-sided P value 
of less than 0.05 by the log-rank test. Interim 
analyses were performed after the enrollment of 
480 patients and once enrollment ended (with the 
use of tandem one-sided tests for the null and 
alternative hypotheses and a P value of 0.0025). 
The data and safety monitoring board approved 
release of the results in March 2005, one year 
after study closure. A P value of 0.0225 was con-
sidered to indicate statistical significance in the 
final analysis.12 In accordance with the policy of 
the Journal, we report only two-sided P values.

The analyses of outcomes in the two groups 
were conducted according to the intention-to-treat 
principle. Treatment-related death was defined 
as a death that was attributable to a treatment 
given within two months before death. The 
cumulative incidence of treatment-related mortal-
ity was estimated according to the method of 
Gooley et al.13 and compared with the use of the 
log-rank test. The Kaplan–Meier method14 was 
used to estimate event-free survival, overall sur-
vival, and survival after relapse. Event-free sur-
vival was measured from the date of enrollment 
until disease progression, relapse, or death from 
any cause. Data on patients who had no events 
were censored at the time of last contact. Overall 
survival was measured from the date of enroll-
ment until death from any cause; data on survi-

668 Patients enrolled

345 Assigned to control group
(no thalidomide)

337 Received intervention
8 Did not receive intervention

(withdrew consent)

0 Lost to follow-up

345 Analyzed

323 Assigned to thalidomide
314 Received intervention

9 Did not receive intervention
(withdrew consent)

0 Lost to follow-up

323 Analyzed

Figure 1. Consolidated Standards of Reporting Trials Chart of the Trial.
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vors were censored at the time of last contact. 
Post-relapse survival was measured from the 
date of progression or relapse to death from any 
cause, with censoring of data at the time of last 
contact. The log-rank test was used to compare 
event-free, overall, and post-relapse survival in 
the two groups.15 Cox regression analysis16 was 
used to examine multivariate models of prog-
nostic factors. Complete response was examined 
as a time-dependent covariate. Standard prog-
nostic factors of event-free and overall survival 
were dichotomized with the use of cutoff points 
reported as part of the International Staging Sys-
tem for multiple myeloma.17

All investigators had full access to the data, 
which were analyzed by Cancer Research and Bio-
statistics in Seattle.

R esult s

Outcome

The baseline characteristics of the 323 patients 
who were randomly assigned to thalidomide and 
the 345 controls were similar (Table 2). As of 
August 15, 2005, the median follow-up of 478 
surviving patients was 42 months (range, 21 to 
81), 270 patients had had an event, and 190 had 
died. There were no significant differences be-
tween the two groups in the number who par-
ticipated in the various phases of treatment or in 
the reasons for leaving the study (details are giv-

en in Table 1 of the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org). Overall, 85 percent of patients received 
one transplant, 67 percent received two trans-
plants, 65 percent started consolidation therapy, 
and 56 percent began the maintenance phase 
(Table 1 of the Supplementary Appendix). The 
time to completion of treatment was also similar 
in the two groups (Fig. 2A).

As compared with the control group, the tha-
lidomide group had a higher rate of complete re-
sponse (62 percent vs. 43 percent, P<0.001), a 
similar rate of complete response at four years 
(64 percent in both groups), and a higher rate of 
five-year event-free survival (56 percent vs. 44 per-
cent, P = 0.01) (Fig. 2B). The cumulative 12-month 
treatment-related mortality rate was 8 percent in 
both groups, but it was significantly higher among 
patients 65 years of age or older than among 
younger patients (13 percent vs. 6 percent, P = 0.004), 
independently of treatment group. Despite a su-
perior event-free survival rate in the thalidomide 
group, there was no significant difference be-
tween the two groups in overall survival, owing 
in part to significantly shorter survival after re-
lapse in the thalidomide group than in the 
control group (median, 1.1 years vs. 2.7 years; 
P = 0.001) (Fig. 2C). Since the rate of insurance 
denial for transplantation was higher among pa-
tients who were at least 65 years old than among 
younger patients (24 percent vs. 4 percent, P<0.001), 

Table 2. Baseline Characteristics of the Patients.*

Characteristic All Patients Control Group Thalidomide Group

number/total number (percent)

Age ≥65 yr 136/668 (20) 72/345 (21) 64/323 (20)

Female sex 272/668 (41) 135/345 (39) 137/323 (42)

White race† 599/668 (90) 308/345 (89) 291/323 (90)

IgA isotype 160/668 (24) 76/345 (22) 84/323 (26)

Albumin <3.5 g/dl 119/664 (18) 59/343 (17) 60/321 (19)

Beta2-microglobulin ≥3.5 mg/liter 243/668 (36) 126/345 (37) 117/323 (36)

Creatinine ≥2.0 mg/dl (177 μmol/
liter) 

62/654 (9) 37/339 (11) 25/315 (8)

C-reactive protein ≥8.0 mg/liter 263/658 (40) 127/339 (37) 136/319 (43)

Lactate dehydrogenase >upper 
limit of normal (>190 U/liter)

178/666 (27) 86/344 (25) 92/322 (29)

Cytogenetic abnormalities 197/661 (30) 104/339 (31) 93/322 (29)

* There were no significant differences between groups.
† This characteristic was self-assigned.
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younger patients had a higher rate of completion 
of the first transplantation (87 percent vs. 77 per-
cent, P = 0.003) and second transplantation (72 
percent vs. 47 percent, P<0.001) and a higher 
overall survival rate at five years (68 percent vs. 
50 percent, P = 0.008) (Fig. 2D).

Prognostic Factors

The probability of event-free and overall survival 
was significantly lower among patients with cy-
togenetic abnormalities, those with a lactate de-

hydrogenase level that exceeded the upper limit 
of normal, and those with a serum albumin level 
of less than 3.5 g per deciliter (Table 3). Event-
free survival and overall survival were significant-
ly longer among patients who had a complete re-
sponse than among those who had a partial or 
no response (evaluated as a time-dependent co-
variate). Independently of these features, ran-
domization to the thalidomide group was associ-
ated with longer event-free survival but not overall 
survival.
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Adverse Events

The occurrence of clinically significant adverse 
events (Table 4) necessitated changes in the dose 
of thalidomide in a sizable fraction of patients, 
especially elderly patients. Thalidomide was dis-
continued within two years after enrollment in 
30 percent of patients, and within four years in 
more than 60 percent (Fig. 2B). Especially during 
induction chemotherapy, thromboembolic events 
were almost twice as common among patients 
assigned to the thalidomide group as among those 
assigned to the control group. The high incidence 
of deep-vein thrombosis in the initial phase of 
the study (34 percent among the first 162 patients 
randomly assigned to thalidomide, as compared 
with 18 percent among the first 174 patients en-
rolled in the control group; P<0.001) (Fig. 1A of 
the Supplementary Appendix) was not eliminated 
by prophylactic administration of low-molecular-
weight heparin later in the study (24 percent among 
the last 152 patients enrolled in the thalidomide 
group, as compared with 15 percent among the 
last 163 patients enrolled in the control group; 
P = 0.064) (Fig. 1B of the Supplementary Appen-
dix). Syncopal episodes related to sinus bradycar-
dia occurred in 12 percent of patients in the tha-
lidomide group and in only 4 percent of patients 
in the control group. 

Because of concern about drug safety, cardiac 
pacemakers were implanted in nearly one third 
of the 38 patients with symptomatic sinus bra-
dycardia. Tremor was encountered twice as fre-
quently in the thalidomide group as in the con-
trol group (13 percent vs. 6 percent). Most 
debilitating was peripheral neuropathy with a 
grade of more than 2 (i.e., more than moderate) 
according to the Common Toxicity Criteria of 
the National Cancer Institute; this adverse event 
was more common in the thalidomide group 
than in the control group (27 percent vs. 17 per-
cent, P<0.001) (Table 4) and among patients at 
least 65 years old than among younger patients 
(29 percent vs. 20 percent, P = 0.02). Forty-one 
percent of patients who were at least 65 years old 
and who were receiving thalidomide had periph-
eral neuropathy, as compared with 17 percent of 
younger patients in the control group (P<0.001) 
(Fig. 1C of the Supplementary Appendix). Pe-
ripheral neuropathy improved to less than grade 
2 within three to four months after a dose reduc-
tion or cessation of thalidomide in nearly 90 per-
cent of affected patients. Severe constipation lead-

ing to bowel obstruction was noted in 14 percent 
of patients receiving thalidomide and in 8 per-
cent of patients in the control group (P = 0.02) 
(Table 4). Neutropenia of more than grade 2 was 
recorded in 46 percent of patients in the thalido-
mide group during the consolidation and main-
tenance phases but in only 28 percent of patients 
in the control group (P<0.001) (Table 4). Despite 
the higher incidence of various adverse events in 
the thalidomide group, the treatment-related mor-
tality rate was similar in the two groups (Fig. 2B).

Management after Relapse in Relation 
to Prior Thalidomide therapy

Of 164 events (deaths excluded), multiple myeloma 
progressed after transplantation in 136 patients; 
107 of these patients received salvage therapies. The 
proportions of patients receiving specific salvage 
regimens did not differ significantly in the two 
groups (44 in the thalidomide group and 63 in the 

Table 3. Multivariate Analysis of Features Associated with the Clinical 
Outcome.*

Variable
Hazard Ratio 

(95% CI) P Value

Event-free Survival†

Randomization to thalidomide 
(vs. no thalidomide)

0.74 (0.58–0.94) 0.01

Prestudy cytogenetic abnormalities 
(vs. none)

1.52 (1.18–1.96) 0.001

Lactate dehydrogenase >upper limit  
of normal (vs. within normal 
range)

1.60 (1.22–2.08) <0.001

Albumin <3.5 g/dl (vs. ≥3.5 g/dl) 1.63 (1.21–2.19) 0.001

Beta2-microglobulin >3.5 mg/liter 
(vs. ≤3.5 mg/liter)

1.50 (1.16–1.95) 0.002

IgA isotype (vs. other isotype) 1.49 (1.13–1.96) 0.005

Complete response (time-dependent) 0.59 (0.44–0.79) <0.001

Time to 2nd transplantation 0.77 (0.57–1.03) 0.08

Overall survival†

Prestudy cytogenetic abnormalities 
(vs. none)

1.88 (1.40–2.52) <0.001

Lactate dehydrogenase >upper limit  
of normal (vs. within normal 
range)

1.63 (1.20–2.23) 0.002

Albumin <3.5 g/dl (vs. ≥3.5 g/dl) 2.01 (1.44–2.79) <0.001

Complete response (time-dependent) 0.53 (0.37–0.75) <0.001

Time to 2nd transplantation 0.55 (0.40–0.77) <0.001

* CI denotes confidence interval.
† The analysis included 655 patients.
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control group). These salvage treatments included 
further thalidomide or thalidomide (75 percent of 
the thalidomide group and 83 percent of the con-
trol group), bortezomib18 (45 percent and 37 per-
cent, respectively), thalidomide or bortezomib 
(84 percent and 92 percent, respectively), lenalido-
mide19 (9 percent and 11 percent, respectively), 
and dexamethasone, thalidomide, cisplatin, doxo-
rubicin, cyclophosphamide, and etoposide che-
motherapy (Table 1) (23 percent and 22 percent, 
respectively), and further high-dose therapy (7 per-
cent and 2 percent, respectively). Even though 
the two groups had similar features at baseline 
and relapse, the incidence of partial responses 
was higher (71 percent vs. 55 percent, P = 0.029) 
and survival after relapse was longer (2.7 vs. 1.1 
years, P = 0.001) among patients initially assigned 
to receive no thalidomide than among those as-
signed to receive thalidomide (Fig. 2C). Neither 
the cumulative dose of thalidomide nor the dura-
tion of treatment interruption because of adverse 
events before relapse influenced survival after re-
lapse.

Discussion

The addition of thalidomide to intensive melpha-
lan-based chemotherapy supported with two pe-
ripheral-blood hematopoietic stem-cell transplan-
tations improved the rate of complete response 
and event-free survival among patients with new-
ly diagnosed multiple myeloma. The drug failed, 
however, to prolong overall survival and was as-
sociated with considerable adverse effects. Attal 
et al. also reported longer event-free survival but 
not overall survival when thalidomide was given 
after two transplantations as maintenance thera-
py in lower doses than the ones we used.20

Relapses in the thalidomide group appeared to 
be more drug-resistant than relapses in the con-
trol group. A higher failure rate with salvage ther-
apy and shorter survival after relapse can partially 
explain the similar overall survival times in the 
two groups. Our results indicate that a complete 
response is not a valid surrogate for survival in 
myeloma clinical trials. The definition of a com-
plete response in patients with multiple myelo-
ma relies in part on the presence of immuno-
globulin-producing plasma cells, although the 
presence of nonsecretory or hyposecretory plas-
ma cells often accounts for relapses among pa-
tients with high lactate dehydrogenase levels21; 
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such cells may be present at diagnosis and prefer-
entially expand during disease progression. Fur-
thermore, as compared with the relatively rapid 
reduction in levels of the myeloma protein, MRI-
defined focal lesions (which harbor myeloma 
cells) take one or two years to regress and are 
often the first sites of relapse.22 When multiple 
myeloma evolves from a documented monoclonal 
gammopathy of uncertain significance (MGUS), 
or a smoldering phase, a complete response is in-
frequent, but when one does occur, it has no effect 
on the likelihood of survival.23 This phenomenon 
presumably reflects the reestablishment of a stable 
MGUS-like condition.

Superior response rates have been reported for 
thalidomide plus dexamethasone as compared 
with dexamethasone alone for induction therapy 
in patients with multiple myeloma.24,25 Since many 
patients in these trials received high-dose thera-
py after induction therapy with thalidomide and 
dexamethasone, the long-term benefit of this com-
bination cannot be ascertained. Reserving thalido-
mide for maintenance therapy after transplanta-
tion, as was done in the pilot and larger trials 
conducted by the InterGroupe Francophone du 
Myélome,4,5 has several advantages: resistance 
may be avoided; the risk of thromboembolic com-
plications can be reduced, since this risk is high-
est during induction therapy, when the burden of 
tumor is high26; and the incidence of neurotoxic 

effects should be reduced with the later intro-
duction of thalidomide at lower doses (50 to 100 
mg) during maintenance therapy. High rates of 
complete response approaching the rates observed 
with high-intensity treatment plus stem-cell trans-
plantation have recently been found in trials of 
thalidomide combined with standard treatment 
with melphalan and prednisone.27,28 Similarly, 
combinations of bortezomib and dexametha-
sone,29,30 plus pegylated doxorubicin31 or thalido-
mide,32,33 have shown promise. Little is known, 
however, about the durability of the responses 
induced by these treatments, especially after the 
discontinuation of the drugs. Although standard 
high-dose melphalan therapy with stem-cell trans-
plantation has considerable acute adverse effects, 
its low mortality and infrequent chronic adverse 
effects have to be balanced against the potential 
of the newer agents for irreversible and incapaci-
tating chronic adverse effects. Acute complications 
(thromboembolism with thalidomide and lenalid-
omide) and chronic sequelae (polyneuropathy with 
thalidomide and bortezomib) may be minimized 
by combining “old” and “new” therapies, espe-
cially since the genomic heterogeneity of multi-
ple myeloma may require a multifaceted approach 
to treatment to achieve lasting control.34
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