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Melphalan and prednisone plus thalidomide versus 
melphalan and prednisone alone or reduced-intensity 
autologous stem cell transplantation in elderly patients with 
multiple myeloma (IFM 99–06): a randomised trial
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Claire Mathiot, Hervé Avet-Loiseau, on behalf of the Intergroupe Francophone du Myélome

Summary
Background In multiple myeloma, combination chemotherapy with melphalan plus prednisone is still regarded as 
the standard of care in elderly patients. We assessed whether the addition of thalidomide to this combination, or 
reduced-intensity stem cell transplantation, would improve survival.

Methods Between May 22, 2000, and Aug 8, 2005, 447 previously untreated patients with multiple myeloma, who 
were aged between 65 and 75 years, were randomly assigned to receive either melphalan and prednisone (MP; n=196), 
melphalan and prednisone plus thalidomide (MPT; n=125), or reduced-intensity stem cell transplantation using 
melphalan 100 mg/m² (MEL100; n=126). The primary endpoint was overall survival. Analysis was by intention to 
treat. This trial is registered with ClinicalTrials.gov, number NCT00367185.

Findings After a median follow-up of 51·5 months (IQR 34·4–63·2), median overall survival times were 33·2 months 
(13·8–54·8) for MP, 51·6 months (26·6–not reached) for MPT, and 38·3 months (13·0–61·6) for MEL100. The MPT 
regimen was associated with a signifi cantly better overall survival than was the MP regimen (hazard ratio 0·59, 
95% CI 0·46–0·81, p=0·0006) or MEL100 regimen (0·69, 0·49–0·96, p=0·027). No diff erence was seen for MEL100 
versus MP (0·86, 0·65–1·15, p=0·32).

Interpretation The results of our trial provide strong evidence to indicate that the use of thalidomide in combination 
with melphalan and prednisone should, at present, be the reference treatment for previously untreated elderly patients 
with multiple myeloma.

Introduction
Combination chemotherapy with melphalan and 
prednisone has been used in the treatment of multiple 
myeloma since the 1960s, and still remains the most 
widely accepted treatment option for elderly patients who 
are ineligible for high-dose therapy.1,2 More complex 
combinations with alkylating agents have often increased 
toxic eff ects and added inconvenience without providing 
a survival advantage.3 Dexamethasone-based regimens 
have also shown no survival advantage compared with 
melphalan and prednisone regimens in elderly patients 
and are associated with more toxic eff ects.4 Since the 
median survival with melphalan and prednisone is about 
3 years, new treatments are needed. Innovative drug 
combinations or the dose-response eff ect of melphalan 
might be used to achieve this goal. 

Thalidomide has shown substantial antitumour activity 
in relapsed or refractory multiple myeloma.5 In newly 
diagnosed patients with multiple myeloma, the 
usefulness of thalidomide has been unclear. When used 
in combination with melphalan and prednisone or 
incorporated into high-dose treatment, thalidomide has 
increased response rates, including complete response, 

and has extended the event-free survival, but increases 
toxic eff ects and lacks a signifi cant eff ect on overall 
survival.6,7 Thalidomide plus dexamethasone has also 
shown signifi cantly better response rates than 
dexamethasone alone, but again at the expense of added 
adverse events.8 

High-dose therapy with melphalan followed by 
stem-cell support can extend survival in patients with 
multiple myeloma. Nevertheless, this approach, which 
uses one or two transplants with melphalan 200 mg/m², 
is usually regarded as too toxic for most elderly patients.9–11 
In contrast, intermediate-dose melphalan at 100 mg/m² 
can be safely given to patients up to 75 years of age.12 A 
randomised trial from the Italian Multiple Myeloma 
Study Group (GIMEMA) showed that, in patients aged 
50–70 years, melphalan at 100 mg/m² was better than 
melphalan plus prednisone in terms of response rate, 
event-free survival, and overall survival.13 Thus, the 
Intergroupe Francophone du Myélome (IFM) initiated a 
randomised clinical trial (IFM 99–06) comparing 
melphalan and prednisone (MP) with melphalan and 
prednisone plus thalidomide (MPT) or an 
intermediate-dose regimen using melphalan at 
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100 mg/m² and stem-cell support (MEL100) in previously 
untreated patients with multiple myeloma.

Methods
Study design
The principal comparisons of the study were to assess 
the relative effi  cacy and safety of MP versus MPT or 
versus MEL100. Additionally, the relative effi  cacy of MPT 
versus MEL100 was evaluated. The primary endpoint was 
overall survival. Secondary endpoints were response, 
progression-free survival, survival after progression, and 
toxicity. The institutional ethics committee of Lille 
University Hospital (Centre Hospitalier Regional 
Universitaire, Lille, France) and the ethics committees 
from each of the participating hospitals in Belgium and 
Switzerland approved the protocol. All patients provided 
written informed consent before entering the trial. This 
study was done in accordance with the Declaration of 
Helsinki.

Patients
Patients eligible for inclusion into this trial had stage II 
or III multiple myeloma according to Durie-Salmon 
criteria.14 Additionally, patients were aged between 65 and 
75 years. Patients younger than 65 years were included if 
they were ineligible for high-dose treatment. Patients 
with Durie-Salmon stage I multiple myeloma could be 
enrolled if they met the criteria of high-risk stage I 
disease.4 Patients were previously untreated except for 
minimum-dose radiotherapy to localised lesions, which 
was needed to relieve symptoms.

Patients excluded from trial enrolment had a previous 
history of another neoplasm (except basocellular 
cutaneous or cervical epithelioma); primary or associated 
amyloidosis; a WHO performance index of 3 or greater, if 
unrelated to multiple myeloma; substantial renal 
insuffi  ciency with creatinine serum concentration of 
50 mg/L or more; cardiac or hepatic dysfunction; 
peripheral neuropathy; or were infected with HIV, or 
hepatitis B or C. Recruitment of patients took place at 
73 IFM centres in France, Belgium, and Switzerland 
between May 22, 2000, and Aug 8, 2005. Patients were 
randomly assigned to melphalan and prednisone, 
melphalan and prednisone plus thalidomide, or 
reduced-intensity autologous stem cell transplantation 
with use of melphalan at 100 mg/m²  in a 3:2:2 ratio to 
achieve maximum power. 

Procedures
The MP regimen was identical to that used in the 
previous IFM 95–01 trial.4 It consisted of 12 6-week cycles 
of chemotherapy. Melphalan (0·25 mg/kg; Alkéran, 
GlaxoSmithKline, Marly-le-roi, France) and prednisone 
(2 mg/kg; Cortancyl, Aventis, Paris, France) were given 
orally for 4 days per cycle. 

The melphalan and prednisone combination of MPT 
was identical to that used in the MP regimen. Thalidomide 

(Laphal, Allauch, France, then Pharmion, Paris, France) 
was given daily at a dose not exceeding 400 mg per day, 
continuously during the 12 melphalan and prednisone 
cycles. Thalidomide was stopped at day 4 of the last 
melphalan and prednisone cycle. No maintenance 
treatment with thalidomide was allowed. Except for the 
400 mg per day maximum dose, thalidomide dosing was 
not standardised per protocol. Trial sites and investigators 
were advised to initiate thalidomide treatment with a 
dose of 200 mg per day, increasing to 400 mg per day 
after 2–4 weeks in the absence of severe adverse eff ects. 
However, the initial dose, defi ned as the greatest dose 
used in the fi rst 4 weeks of treatment, and its modifi cation, 
were left to the discretion of local investigators. 
Thalidomide was discontinued for any non-haematological 
grade 3 or 4 toxic eff ects. Patients who developed deep 
vein thrombosis or pulmonary embolism were required 
to stop thalidomide temporarily; patients were allowed to 
resume treatment after undergoing therapeutic 
anticoagulation. No systematic anticoagulation pro-
phylaxis was prospectively planned. 

All patients receiving MEL100 had two debulking 
courses of vincristine, doxorubicin, and dexamethasone 
(VAD) 4 weeks apart: 4-day continuous infusion of 0·4 mg 
per day of vincristine, 9 mg/m² per day of doxorubicin, 
and 40 mg per day of dexamethasone orally on days 1–4. 
Peripheral blood stem cells were mobilised by adminis-
tration of 3 g/m² of cyclophosphamide with subsequent  
mesna (sodium 2-mercaptoethane sulfonate). Granu locyte 
colony-stimulating factor (G-CSF, Granocyte, Chugaï 
Pharma, Paris, France) was given at 10 µg/kg on day 1 
through the last day of leukapheresis initiated upon 
recovery of leucocytes to 4×10⁹/L. The minimum number 
of obtained CD34 cells needed was 2×10⁶/kg per melphalan 
100 mg/m2 course. The fi rst course was followed by the 
reinfusion of stem cells 36 h later. G-CSF was given at 
150 µg/m² on day 5 until neutrophil recovery. The second 
course of melphan 100 mg/m2 was repeated after 2 months. 
Patients with cardiac or pulmonary dysfunction, hepatic 
dysfunction, creatinine serum concentration greater than 
18 mg/L, a WHO performance index of 3 or 4, or a severe 
infection at the time of cyclophosphamide or melphalan 
administration did not proceed to transplantation. All 
centres with little experience in high-dose treatment of 
multiple myeloma were associated with a large centre in 
their geographic area that did the autologous stem cell 
transplantation.

Clodronate (Lytos, Roche, Basel, Switzerland) was 
given orally at a dose of 1040 mg per day continuously in 
all three regimens.

At inclusion, laboratory assessments included 
peripheral blood counts, chemistry analyses, and 
morphological interpretation of bone marrow aspirates. 
Furthermore, clinicians were encouraged to send bone 
marrow samples to the Nantes laboratory for cytogenetic 
analysis (chromosome 13 deletion and chromosome 14 
rearrangements through fl uorescent in-situ hybridisation 
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method, as previously described).15 In the MP and MPT 
groups, visits were planned after inclusion at 3 months, 
6 months, and every 6 months thereafter until withdrawal 
from the trial. In the MEL100 group, visits were planned 
1 month after the second VAD cycle; at the start of 
cyclophosphamide treatment, and 1 month after; at the 
time of the fi rst course of melphalan, and 1 month after; 
and at the time of the second course of melphalan, and 
2 months after. Then, visits were planned every 6 months 
as in the two other groups. At every visit, response was 
assessed. After patient withdrawal from the trial, patient’s 
treatment and status were regularly updated every 6 months. 
Additionally, these data were requested at the date of 
point  on a specifi c form and obtained for patients still 
alive at last known status.

The achievement of any response needed an 
improvement in bone pain and performance status, 
correction of hypercalcaemia, and no increase in size or 
number of lytic bone lesions. A complete response 
needed the absence of the original monoclonal protein in 
serum and urine by immunofi xation, less than 5% of 
plasma cells in a bone-marrow aspirate, and the 
disappearance of soft-tissue plasmacytomas. A very good 
partial response needed more than a 90% decrease in 

monoclonal protein in serum and urine. A partial 
response needed a reduction in the size of soft-tissue 
plasmacytomas, more than a 50% reduction in the 
concentration of serum monoclonal protein, and more 
than a 75% reduction in 24-h urinary light chain excretion. 
No confi rmation of response was needed for complete 
response, very good partial response, or partial response. 
Progressive disease needed at least one of the following: 
a greater than 25% increase in the concentration of 
serum monoclonal protein, which must also be an 
absolute increase of more than 5 g/L and confi rmed by at 
least one repeated assessment; a greater than 50% increase 
in the 24-h urinary light chain excretion, confi rmed by at 
least one repeated assessment; a confi rmed increase in 
the size of existing bone lesions or soft-tissue 
plasmacytomas; development of new bone lesions or 
soft-tissue plasmacytomas; or the development of 
hypercalcaemia, not attributable to any cause other than 
multiple myeloma. Patients not meeting the criteria of 
either complete response, partial response, or progressive 
disease were classifi ed as having stable disease. The best 
response at 12 months was defi ned as the highest amount 
of disease improvement achieved by a patient at any 
follow-up visit while on treatment, from randomisation 

447 patients randomly assigned

196 assigned to MP 125 assigned to MPT
        

124 in safety population

126 assigned to MEL100
  

122 in safety population193 in safety population

3 not treated as assigned
   3 death before treatment initiation
  

122 in per-protocol
         population

121 in per-protocol
         population

184 in per-protocol
         population

3 protocol violation during follow-up
   1 unwarranted thalidomide initiation
   1 thalidomide maintenance therapy
   1 continuous melphalan

2 protocol violation during follow-up
   2 thalidomide maintenance therapy

1 not treated as assigned
   1 death before treatment initiation

4 not treated as assigned
   1 consent withdrawal before treatment
   1 cardiac insufficiency before treatment
   1 age over 76 years (MP treated)
   1 renal insufficiency (MP treated)

0 protocol violation at inclusion
   

6 protocol violation at inclusion
   3 other cancer
   1 stage 1 without high risk
   1 solitary plasmacytoma
   1 initial evaluation more than 1 month

before randomisation

1 protocol violation at inclusion
   1 other cancer

0 protocol violation during follow-up

Figure 1: Trial profi le
MP=melphalan and prednisone. MPT=melphalan and prednisone with thalidomide. MEL100=reduced-intensity autologous stem cell transplantation using 
melphalan 100 mg/m².
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to month 15, except if progressive disease had occurred 
during that period without response assessment at 12 
months (between 9 and 15 months).

Assuming a median survival time of 30 months in the 
control (MP) group and with use of the Bonferroni 
correction for a global type I error rate of 5%, the sample 
size was estimated to be 500 to guarantee, in a two-sided 
test, a power of 80% to detect an increase in the median 
survival time of 18 months (with an accrual time of 
3 years and additional follow-up of 2 years). Two interim 
analyses using Peto’s rule16 were planned after the 
inclusion of 40% and 70% of the patients. With this 
method, a p value of 0·001 at every interim analysis and 
0·05 at the fi nal analysis would be regarded as signifi cant. 
After the results of a third unplanned interim analysis, 
which was undertaken because of recommendations by 
the data safety monitoring board, recruitment into the 
trial was stopped on Aug 8, 2005, after the inclusion of 
447 patients, because of a clear survival advantage of MPT 
compared with the other two regimens.

Statistical analysis
Parameter distribution at inclusion or during follow-up 
was described generally or per treatment group through 
number (percentage) of patients. Distributions of 
parameters assessed at inclusion were compared globally 
between treatment groups through χ² test for categorical 
variables and Kruskal-Wallis rank test for continuous 
variables. Best response rates at 12 months were 

compared between treatment groups through χ² test or 
Fisher’s exact test, when necessary. Curves for overall 
survival, progression-free survival, and survival after 
progression were calculated from randomisation and 
from progression (for survival after progression) with use 
of the Kaplan-Meier method.17 Time to event (death, 
progression or death without progression, death after 
progression) was expressed as median (SE and IQR). 
Comparison between treatment groups and hazard ratios 
(HR) for death, progression or death without progression, 
or death after progression were estimated through the 
unstratifi ed proportional hazards model,18 with 95% CI. 
Adverse events rates were compared between treatment 
groups through χ² test or Fisher’s exact test, when 
necessary. 

Comparisons of overall survival between groups were 
adjusted on prognostic factors through a stepwise 
multivariate proportional hazards model, by forward 
selection with likelihood ratio test.19 In these prognostic 
analyses, every continuous variable was fi rst divided into 
fi ve categories at roughly the 20th, 40th, 60th, and 80th 
percentiles. If the relative death rates (ratio of the observed 
number of deaths to the excepted number of deaths in 
each category, assuming no variation of death rate across 
categories) in two or more adjacent categories were not 
substantially diff erent, these categories were collapsed.20,21 
If no clear pattern was recorded, the median was used as 
the cut-off  point. Usual limits (eg, 3 mg/L or 6 mg/L for 
CRP concentration) were also tested. As a result, two to 
three categories were used for every continuous variable. 
After univariate analysis, all variables with a p value of less 
than 0·20 were proposed in several steps to multivariate 
analyses, fi rst including all variables with no missing 
values, and then successively proposing variables with an 
increasing number of missing values. At every step, the 
stability of the previously derived model was checked and 
no further analysis was done in case of instability.

All analyses were done on the intention-to-treat 
population with a date of point of Oct 8, 2005. A 
confi rmatory analysis of the primary endpoint was done 
on the per-protocol population, and adverse events were 
analysed on the safety population (fi gure 1). Furthermore, 
overall survival, progression-free survival, and survival 
after progression analyses on the intention-to-treat 
population were updated on Jan 8, 2007, to present the 
most up-to-date survival fi ndings. All analyses were done 
on SPSS software (version 13).

This trial is registered with ClinicalTrials.gov, number 
NCT00367185.

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author (TF) and 
the IFM biostatistician (JYM) had full access to all the 
data in the study. The IFM group had fi nal responsibility 
for the decision to submit for publication.

All patients
(N=447)

MP 
(N=196)

MPT 
(N=125)

MEL100 
(N=126)

Age (≥70 years) 183 (41%) 84 (43%) 50 (40%) 49 (39%)

Women 209 (47%) 87 (44%) 62 (50%) 60 (48%)

3–4 WHO performance index 37 (8%) 13 (7%) 10 (8%) 14 (11%)

Bone lesions 343 (79%) 154 (79%) 90 (76%) 99 (81%)

Durie-Salmon stage II/III disease 408 (91%) 177 (91%) 112 (90%) 119 (94%)

Durie-Salmon substage B 41 (9%) 15 (8%) 12 (10%) 14 (11%)

ISS stage 1 132/410 (32%) 61/182 (34%) 38/112 (34%) 33/116 (28%)

Stage 2 151/410 (37%) 67/182 (37%) 42/112 (38%) 42/116 (36%)

Stage 3 127/410 (31%) 54/182 (30%) 32/112 (29%) 41/116 (35%)

IgA isotype 99 (22%) 43 (22%) 25 (20%) 31 (25%)

Albumin <35 g/L 110/442 (25%) 45/194 (23%) 24 (19%) 41/123 (33%)

β2-microglobulin ≥3·5 mg/L 250/411 (61%) 110/182 (60%) 69/112 (62%) 71/117 (61%)

Creatinine ≥20 mg/L 41/446 (9%) 13 (7%) 11/124 (9%) 17 (13%)

Calcium ≥105 mg/L 88/445 (20%) 40 (20%) 17 (14%) 31/124 (25%)

C-reactive protein ≥6 mg/L 198/402 (49%) 85/173 (49%) 50/114 (44%) 63/115 (55%)

Lactate dehydrogenase ≥300 U/L 253/399 (63%) 116/175 (66%) 65/107 (61%) 72/117 (62%)

Chromosome 13 deletion 172/349 (49%) 72/147 (52%) 49/101 (49%) 46/101 (46%)

Translocation (11;14) 37/223 (17%) 11/95 (12%) 11/58 (19%) 15/70 (21%)

Translocation (4;14) 24/222 (11%) 7/95 (7%) 10/57 (18%) 7/70 (19%)

Data are n (%) or n/N (%). ISS=international staging system. MP=melphalan and prednisone. MPT=melphalan 
and prednisone plus thalidomide. MEL100=reduced-intensity autologous stem cell transplantation using 
melphalan 100 mg/m².

Table 1: Baseline patient characteristics
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Results
Table 1 shows the baseline characteristics of all patients 
randomly assigned to the three diff erent regimens. 

As of Oct 8, 2005, with a median follow-up time of 
36·8 months (IQR 20·8–51·2), MPT regimen was 
better than MP regimen for prolonging overall survival 
(HR 0·56, p=0·001). The MPT regimen was also 
associated with a better overall survival than was 
MEL100 regimen (0·58, p=0·004). MEL100 versus MP 
showed no signifi cant diff erences for eff ects on overall 
survival (0·97, p=0·84). These results were confi rmed 
after about 15 months of additional follow-up (up to 
Jan 8, 2007; fi gure 2). With a median follow-up time of 
51·5 months (IQR 34·4–63·2), median overall survival 
times were 33·2 months (13·8–54·8) with MP, 51·6 
months (26·6–not reached) with MPT, and 38·3 months 
(13·0–61·6) with MEL100. MPT was associated with 
signifi cantly better survival than was MP (HR 0·59, 
95% CI 0·46–0·81, p=0·0006) or MEL100 (0·69, 
0·49–0·96, p=0·027). No diff erence was seen 
for MEL100 versus MP group (0·86, 0·65–1·15, 
p=0·32). 

Best response rates at 12 months in MPT group were 
similar to those in MEL100 group. Furthermore, both  
groups were associated with higher best response rates, 
including partial response, very good partial response, 
and complete response, compared with the MP group 
(table 2).

As of Oct 8, 2005, we noted a signifi cantly better 
progression-free survival with MPT than with MP 
(HR 0·45, p<0·0001). Furthermore, a signifi cantly better 
progression-free survival was observed with MPT than 
with MEL100 (0·54, p=0·0002). In contrast, there was 
no signifi cant diff erence between MEL100 and MP for 
eff ect on progression-free survival (0·82, p=0.14). 
Figure 2 shows that much the same results were seen 
from updated data (up to Jan 8, 2007). MPT was clearly 
better than MP (HR 0·51, 95% CI 0·39–0·66, p<0·0001) 
and MEL100 (0·59, 0·44–0·78, p=0·0002) for prolonging 
progression-free survival. Again, no diff erence was 
noted for MEL100 versus MP (0·87, 0·68–1·10, 
p=0·25).

Much the same results were obtained for the 
comparison of curves for overall survival and 
progression-free survival between treatment groups on 
the per-protocol population, as of Oct 8, 2005. Median 
overall survival times per treatment group in the per-
protocol population were unchanged. The survival 
advantage of MPT compared with MP (HR 0·56, 
p=0·002) or with MEL100 (0·60, p=0·009) was 
confi rmed. No diff erence was shown between MP and 
MEL100 (p=0·75). 

When adjusting for prognostic factors (ie, WHO 
performance index, β2-microglobulin, albumin and 
haemoglobin concentrations, white blood cell count, and 
bone marrow plasmacytosis), the results obtained for 
the comparisons of overall survival showed that MPT 
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Figure 2: Overall survival (A), progression-free survival (B), and survival after progression (C) as a function of 
treatment
MP=melphalan and prednisone. MPT=melphalan and prednisone with thalidomide. MEL100=reduced-intensity 
autologous stem cell transplantation using melphalan 100 mg/m². Date of point was Jan 8, 2007. O/N=number of 
events (death, progression or death without progression, death after progression)/number of patients. 
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remained the best treatment (MPT vs MP HR 0·49, 
95% CI 0·33–0·73, p=0·0002; MPT vs MEL100 0·56, 
0·37–0·85, p=0·006; MEL100 vs MP 0·88, 0·62–1·24, 
p=0·46). 

On the basis of the initial analysis (Oct 8, 2005), no 
diff erence in overall survival was recorded as a function of 
initial thalidomide dose (≤200 mg per day vs >200 mg per 
day, p=0·93). Identical results were obtained when the 
maximum thalidomide dose (p=0·77) or the average dose 
was used (total dose divided by treatment duration 
p=0·40). Similarly, no diff erence in progression-free 
survival was noted as a function of the initial, maximum, 
or average doses of thalidomide (p=0·22, 0·75, and 0·92, 
respectively). 

Table 3 shows rescue treatment received by patients in 
all groups after protocol withdrawal or progressive 
disease, or both. Less than half of the patients at fi rst 
progression on MP or MEL100 received rescue with 
thalidomide alone or in combination. Addtionally, only 
12 patients given MP or MPT underwent a transplant. 

Irrespective of this result, survival after progression was 
much the same in the three groups (fi gure 2). 

Among the 122 patients who started their treatment 
with MEL100, one received dexamethasone alone. 
Overall, 100 patients (83%) received cyclophosphamide, 
85 (70%) had one transplant, and 79 (65%) received the 
two planned transplants. Overall, 164 courses of 
melphalan 100 mg/m2 were delivered without any toxic 
deaths. The median number of collected stem cells was 
8·8 (IQR 6·2–14·8) CD34-positive cells per kg, with a 
median number of 2 (1–3) leukaphereses. The median 
number of days admitted to hospital was 1·5 (0–11) after 
cyclophosphamide, 17 (15–19) after the fi rst course of 
melphalan 100 mg/m2, and 17 (15–18) after the second 
course of melphalan 100 mg/m2. 22 patients were 
dropped from the trial during or after the VAD phase, 
primarily because of complications (nine patients), 
progression (eight patients), or death (three patients). 
15 patients were withdrawn during or after 
cyclophosphamide, and six received only the fi rst course 
of melphalan 100 mg/m2. Overall, fi ve patients had 
insuffi  cient stem cells to proceed with transplantation, 
including one patient who proceeded to the fi rst 
transplantation. 

In the patients assigned to MPT, the initial daily dose 
was 200 mg or less in 64 (52%) patients, and more than 
200 mg in 60 patients (nine patients received 100 mg 
per day and fi ve received 300 mg per day). Of these 
124 patients, 66 had no change of dose throughout 
fi rst-line treatment (36 initially at ≤200 mg per day, and 
30 at >200 mg per day). Only 11 patients had their dose 
increased: eight from 200 mg per day to 300 mg per day 
or 400 mg per day (six between 1 and 3 months and two 
between 3 and 6 months). 47 patients needed a reduction 
in thalidomide dose during fi rst-line treatment: 19 of 
those initially receiving 200 mg per day or less (fi ve 
between 1 and 3 months, six between 3 and 6 months, 
and eight after 6 months); and 28 of those initially 
receiving more than 200 mg per day (13 between 1 and 
3 months, six between 3 and 6 months, and nine after 
6 months). The median duration of thalidomide 
treatment was 11 months (IQR 5–15). 56 (45%) patients 
discontinued thalidomide prematurely because of toxic 
eff ects: 23 due to peripheral neuropathy between 3 and 
16 months; seven due to thrombosis; eight due to 
somnolence, dizziness, or fatigue; four due to cutaneous 
toxic eff ects; and one due to psychiatric complications. 
Another 13 patients were withdrawn from the MPT 
regimen because of haematological toxic eff ects (fi ve 
patients), infection (seven patients), and stroke (one 
patient), which were possibly related to either melphalan 
or thalidomide, or both. 

Early and toxic deaths were less frequent in the group 
receiving MPT. Death in the fi rst 3 months of treatment 
was noted in 13 of 193 (7%) of patients in MP group, three 
of 124 (2%) in MPT group, and 11 of 122 (9%) in MEL100 
group. Toxic death occurred in four (2%) patients (all due 

MP MPT MEL100 p*

MP vs MPT MP vs MEL100

At least PR 57/165 (35%) 57/75 (76%) 59/91 (65%) <0·0001 <0·0001

At least VGPR 11/165 (7%) 35/75 (47%) 39/91 (43%) <0·0001 <0·0001

CR 4/165 (2%) 10/75 (13%) 16/91 (18%) 0·0008 <0·0001

Data are n/N (%). PR=partial response. VGPR=very good partial response. CR=complete response. MP=melphalan and 
prednisone. MPT=melphalan and prednisone plus thalidomide. MEL100=reduced-intensity autologous stem cell 
transplantation using melphalan 100 mg/m². *No diff erence was noted between MPT and MEL100. 

Table 2: Best response to treatment at 12 months

MP MPT MEL100

Not withdrawn* 42/193 (22%) 31/124 (25%) 30/122 (25%)

Withdrawn and having not received a 
second-line treatment†

25/193 (13%) 38/124 (31%) 19/122 (16%)

Up to death‡ 24/25 (96%) 11/38 (29%) 17/19 (89%)

Still alive§ 1/25 (4%) 27/38 (72%) 2/19 (11%)

Withdrawn and having received a second-line 
treatment†

126/193 (65%) 55/124 (44%) 73/122 (60%)

Thalidomide alone or in combination 55/126 (44%) 10/55 (18%) 39/73 (53%)

VAD¶ 42/126 (33%) 15/55 (27%) 1/73 (1%)

Dexamethasone 12/126 (10%) 7/55 (13%) 1/73 (1%)

Alkylating agent-based regimens 13/126 (10%) 14/55 (25%) 29/73 (40%)

Bortezomib 3/126 (2%) 7/55 (13%) 3/73 (4%)

Other 1/126 (1%) 2/55 (4%) 0/73 (0%)

Data are n/N (%). MP=melphalan and prednisone. MPT=melphalan and prednisone plus thalidomide. 
MEL100=reduced-intensity autologous stem cell transplantation using melphalan 100 mg/m². VAD=vincristine, 
doxorubicin, and dexamethasone. *Patients either still on fi rst-line treatment or no more treated after fi rst-line 
treatment cessation as planned, who were alive without progression and not withdrawn for any other reason. 
†Withdrawal for death, progression, treatment toxicity, patient refusal, or other reason. ‡Mostly death at or shortly 
after withdrawal and before the possibility of any second-line treatment. §Mostly withdrawal for treatment toxicity, 
patient refusal, or other reason but requiring no second-line treatment (for instance, thalidomide was discontinued 
prematurely for toxicity, but no second-line treatment was necessary according to patient’s status). ¶VAD followed by 
transplantation in nine patients receiving MP and three patients receiving MPT.

Table 3: Second-line treatment in patients treated as assigned
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to infection) assigned to MP, and six (5%) patients 
assigned to MEL100 (four due to infection, one due to 
cardiac failure, and one for an unknown cause). No toxic 
deaths were recorded for patients given MPT. Table 4 
shows grade 3 and 4 toxic eff ects for all regimens. As 
expected, haematological toxic eff ects were highest with 
MEL100. There was a higher incidence of neutropenia 
with MPT than with MP. In contrast, incidences of 
grade 3/4 anaemia or thrombocytopaenia were much the 
same between MP and MPT regimens. The incidence of 
thrombosis or pulmonary embolism was 12% in patients 
receiving MPT (17 episodes in 15 patients). Thalidomide 
was resumed in eight of the 15 patients with thrombosis 
after full anticoagulation, and without recurrence in 
seven patients (one patient had three episodes). 
Thrombosis occurred between day 3 and month 18 
(median 4 months), but only four episodes were noted 
after month 4 (at months 5, 13, 16, and 18). No deaths 
related to thrombosis were noted. Peripheral neuropathy 
was observed in 69 (55%) patients in the MPT group: 
grade 1 or 2 in 62 patients, and grade 3 in seven patients. 
No grade 4 peripheral neuropathy was reported. 
Additionally, severe infections and cardiac toxic eff ects 
were more frequent in patients receiving MEL100 than in 
those receiving MP or MPT. In the MPT group, severe 
constipation and fatigue (or somnolence or dizziness) 
occurred in 12 (10%) and ten (8%) patients, respectively. 
Overall, considering all non-haematologic toxic eff ects of 
grade 3 or more, the incidence was lower with MP than 
with MPT or MEL100.

Discussion
Our study has shown that the addition of thalidomide to 
standard melphalan and prednisone signifi cantly extended 
survival for elderly patients with previously untreated 
multiple myeloma. We noted that the MPT regimen was 
better than the MP regimen in terms of response, including 
complete response, overall survival, and progression-free 
survival. Compared with patients receiving MEL100, 
patients receiving the combination with thalidomide had 
similar response rates but signifi cantly prolonged overall 
survival and progression-free survival.

Comparing survival results, including overall survival 
and progression-free survival, from the initial analyses 
of Oct 8, 2005, (36·8-month follow-up) up to the up-
dated analyses (51·5-month follow-up), allows per-
spective on the robustness of these time-to-event 
ana lyses. The fact that the updated 51·5-month survival 
results continue to show that the MPT regimen is 
signifi cantly better than the other regimens over rough-
ly 15 months of additional follow up from the initial 
37-month results is particularly noteworthy because 
multiple myeloma is an incurable progressive disease 
and because some patients probably received thali-
domide after progression or initiated the combination 
with thalidomide after IFM rec om mendations at the 
end of patient accrual. In the GIMEMA study by the 

Italian Multiple Myeloma net work,7 only a non- 
statistically signifi cant survival ad vantage was noted 
with melphalan and prednisone plus thalidomide, 
although the curves for overall survival separated after 
9 months, resulting in an improvement in overall 
survival from 9 months to 36 months. However, our 
median follow-up was substantially longer than that in 
the GIMEMA study.7 Other diff erences with the 
GIMEMA study were patient age (no patient older than 
75 years in our study vs 25% in the GIMEMA study), 
number of melphalan and prednisone cycles (12 vs six 
cycles), thalidomide dose (up to 400 mg per day vs 
100 mg per day), and presence of a maintenance phase 
in the GIMEMA study. Another melphalan and pred-
nisone versus melphalan and prednisone with 
thalidomide study from the IFM in patients aged 
75 years or older also noted a progression-free survival 
advantage, and suggested an overall survival benefi t in 
favour of melphalan and prednisone plus thali domide.22

MP 
(N=193)

MPT 
(N=124)

MEL100 
(N=122)

p

MP vs 
MPT

MP vs 
MEL100

MPT vs 
MEL100

Haematological

Anaemia 27 (14%) 17 (14%) 122 (100%) 0·94 * *

Neutropenia 51 (26%) 60 (48%) 122 (100%) <0·0001 * *

Thrombocytopaenia 19 (10%) 17 (14%) 122 (100%) 0·29 * *

Severe hemorrhage† 3 (1·5%) 0 4 (3%) * * *

Thrombosis or embolism 8 (4%) 15 (12%) 10 (8%) 0·008 0·13 0·31

Peripheral neuropathy 0 7 (6%) 0 0·001 * 0·01

Somnolence/fatigue/dizziness 0 10 (8%) 0 <0·0001 * 0·002

Infection 18 (9%) 16 (13%) 60 (49%) 0·32 <0·0001 <0·0001

Fever of unknown origin 2 (1%) 1 (1%) 26 (21%)

Pneumonia 5 (2·5%) 9 (7%) 11 (9%)

Septicaemia 6 (3%) 4 (3%) 22 (18%)

Meningitis 0 2 (2%) 0

Other 6 (3%) 1 (1%) 14 (11%)

Herpes zoster 6 (3%) 3 (2·5%) 4 (3%)

Cardiac 1 (0·5%) 2 (2%) 12 (10%) * <0·0001 0·006

Arrythmia 0 2 (2%) 4 (3%)

Myocardial infarction/angina 0 0 2 (2%)

Cardiac failure 1 (0·5%) 0 3 (2·5%)

Hypertension 0 0 3 (2·5%)

Gastrointestinal

Nausea 2 (1%) 1 (1%) 9 (7%) * 0·004 0·01

Constipation 0 13 (10%) 0 <0·0001 * 0·0004

Mucositis 1 (0·5%) 0 7 (6%) * 0·006 0·007

Bleeding 2 (1%) 0 2 (2%) * * *

Any grade ≥3 non-
haematological toxic eff ect

30 (16%) 52 (42%) 71 (58%) <0·0001 <0·0001 0·01

MP=melphalan and prednisone. MPT=melphalan and prednisone plus thalidomide. MEL100=reduced-intensity 
autologous stem cell transplantation using melphalan 100 mg/m2. *Too few or too many events to be clinically 
meaningful. †Includes patients with gastrointestinal bleeding. 

Table 4: Grade 3 or 4 toxic eff ects
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The addition of thalidomide in the Total Therapy II 
programme6 also did not confer a survival benefi t despite 
increased complete response rate and 5-year event-free 
survival rate. Also, in the Eastern Cooperative Oncology 
Group (ECOG) trial,8 the combination of thalidomide 
and dexamethasone was not associated with a survival 
advantage when compared with dexamethasone alone, 
but the study was not powered to compare diff erences in 
survival between treatment groups.

The results observed for patients in the MP regimen are 
similar to those previously published, including our 
previous trial in elderly patients.4 The feasibility of our 
MEL100 treatment was acceptable with about two-thirds 
of the patients receiving the two transplants. 
Treatment-related mortality was low and no toxic deaths 
were observed in patients taking the melphalan courses. 
Increased toxic eff ects were especially evident with the 
MEL100 regimen during reduction of tumour burden, 
particularly with VAD treatment. However, the high 
relapse rate observed after transplant was also 
disappointing. Due to the high relapse rate after transplant 
for patients assigned to MEL100, we noted a clear 
advantage for those assigned to MPT for extended 
progression-free survival. Overall, the disappointing 
results observed with the MEL100 regimen in our trial 
could be related to a cytoreductive VAD regimen that was 
not at an optimum, possibly due to its short duration and 
to the absence of maintenance treatment. The fact that 
roughly a third of patients did not receive the two planned 
transplants could be an indication for even more stringent 
patient selection along with a less toxic and more 
effi  cacious cytoreductive regimen. Furthermore, there 
was a trend towards more aggressive myeloma with 
MEL100, even if the disadvantage compared with MPT 
remains highly signifi cant when adjusted on prognostic 
factors for overall survival.

In elderly patients with multiple myeloma, the use of 
reduced intensity melphalan-based chemotherapy 
supported by autologous stem cell transplantation has 
been pioneered by the Italian Multiple Myeloma Study 
Group12,13 (with melphalan 100 mg/m²) and the Arkansas 
Group6 (with melphalan 200 mg/m² or 140 mg/m²). 
However, the median time for overall survival observed 
in our trial in patients assigned to MEL100 was worse 
than that reported from the Italian trial13 (39 months vs 
58 months) despite a similar schedule and a limited 
subgroup of patients aged 65–70 years (n=45). The 
Arkansas group, in their intensive and prolonged Total 
Therapy II programme with or without thalidomide 
(intensive induction, tandem transplants with melphalan 
conditioning at 200 mg/m² or 140 mg/m², followed by 
intensive consolidation and maintenance) reported a 
60 months median overall survival time in 136 patients 
aged 65 years or older.6 

We did post-hoc analyses for age, international staging 
system (ISS),23 and chromosome 13 deletion. We noted 
that treatment with melphalan and prednisone plus 

thalidomide was able to cancel the deleterious eff ect of 
stage 2 or 3 ISS, of chromosome 13 deletion, but not of 
age (trend). Details about the methods and results of 
these post-hoc analyses can be obtained on request to the 
author.

At the time of the fi rst relapse across the three treatment 
groups in our trial, about 15% of patients were unable to 
receive a second-line therapy, emphasising the need for 
an optimum fi rst-line treatment in this elderly population. 
As expected, second-line treatments varied across groups, 
but thalidomide and VAD were most frequently used. 
However, no detectable diff erences in survival after 
progression were observed in the three treatment groups 
of our trial. The comparisons for overall survival between 
patients in the MPT group and those in the MP group, 
who either received or did not receive thalidomide as 
rescue treatment, are disadvantaged because of 
insuffi  cient follow-up at this point (Oct 8, 2005).

Toxic eff ects associated with MPT were higher than 
those observed with MP, but lower than those seen with 
MEL100. The toxic eff ects of the MPT regimen, however, 
were counterbalanced by a low incidence of toxic and 
early deaths. The high incidence of severe neutropenia in 
patients assigned to MPT was unexpected, since 
thalidomide is not regarded as a myelosuppressive drug. 
This incidence was higher than the 16% incidence 
observed in the GIMEMA study and could be due to the 
higher number of melphalan and prednisone cycles 
together with a higher dose of thalidomide.7 However, 
this incidence of neutropenia did not result in an 
increased incidence of severe infections. 

The incidence of thromboembolism was signifi cantly 
higher for patients assigned to MPT than for those 
assigned to MP, which remains a concern. However, this 
incidence is comparable with the incidence observed in 
the MEL100 group in our trial. Also, the incidence of 
thromboembolism for the MPT group in our trial 
compares favourably with the 20% incidence reported in 
the GIMEMA study7 before the use of prophylaxis, and 
with the 30% incidence reported in the thalidomide 
group in the Total Therapy II trial.6 

Neurotoxicity related to thalidomide is also a concern, 
especially peripheral neuropathy, which was noted in 
more than half of the patients, and was greater than 
grade 2 in a quarter of patients. The thalidomide schedule 
we used, with a maximum dose of 400 mg per day along 
with the prolonged treatment duration, is probably 
responsible, at least partly, for this increased incidence of 
neuropathy. Nevertheless, we reported grade 3 neuropathy 
in a similar proportion of patients to that in the GIMEMA 
study (6% and 8%).7 Finally, grade 3 or 4 somnolence and 
constipation were also more frequent in the MPT group 
than in the MP group.

Our results strongly support the use of thalidomide in 
combination with melphalan and prednisone in previously 
untreated elderly patients with multiple myeloma and 
others who are ineligible for intensive transplantation 
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regimens. Although the toxic eff ects we observed with 
melphalan and prednisone plus thalidomide were 
acceptable, eff orts should be made to reduce neurotoxicity, 
somnolence, and constipation through use of a lower 
thalidomide dose (100 mg or 200 mg per day) along with 
a shorter treatment duration, and to prevent 
thromboembolism with adequate prophylaxis. Overall, 
the strategy of combining traditional melphalan with 
novel agents, like thalidomide, bortezomib, or 
lenalidomide seems promising. In one study,24 a 
melphalan and prednisone with bortezomib combination 
also achieved a high response rate (89%) with frequent 
complete responses (32%). Additionally, in an exploratory 
study,25 a melphalan and prednisone with lenalidomide 
combination achieved a 60% response rate with 
20% complete remissions and, importantly, no cases of 
progression on treatment. In the future, thalidomide, 
bortezomib, and lenalidomide will probably improve the 
eff ectiveness of high-dose treatment with stem-cell 
transplantation, which remains the reference treatment 
for younger patients with multiple myeloma.

The results of our trial provide strong evidence to 
suggest that the MPT combination, should, at present, be 
the reference treatment for previously untreated elderly 
patients with multiple myeloma. After 40 years of 
unsuccessful attempts to fi nd a more eff ective treatment 
than the standard MP, the MPT combination opens an 
era of progress for elderly patients with this disease. 
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