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Abstract 
BACKGROUND: The aim of the study was to assess the effects of combination of bortezomib moderate dose and conti-
nuous oral low dose melphalan and thalidomide and dexamethasone (BMTD regimen) in elderly patients aged ≥ 65 
years with relapsed multiple myeloma (MM). 

METHODS: Twenty four patients with advanced MM were enrolled to receive eight 3-week treatment cycles with borte-
zomib 1.3 mg/m2 on days 1, 4, 8, and 11 followed by three 5-week cycles with bortezomib 1.3 mg/m2 on days 1, 8, 15, 
and 22. Within all cycles, dexamethasone 24 mg/d was given intravenously on the day of bortezomib injection and the 
day thereafter. In addition, patients received oral treatment of melphalan at a dose of 5 mg/d continuously for twenty 
days for every cycle. 

RESULTS: Mean age of study patients was 72.8 ± 6.4 years. All patients that completed at least one treatment cycle were 
evaluated for response. Complete, partial, and minor responses occurred in 19%, 65% and 6% of patients, respectively. 
Overall response rate was 90% (efficacy analysis). 

CONCLUSIONS: This study demonstrated potent in vivo activity of combination therapy with BMTD regimen in patients 
with relapsed MM, with an acceptable safety profile and high overall response rate. 
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ultiple myeloma (MM) is an aggres-
sive and incurable hematological 
neoplasia, characterized by expan-

sion of malignant plasma cells. For approx-
imately 50 years, the combination of melpha-
lan with prednisone was the reference therapy 
for elderly patients with multiple myeloma.1,2 
Recently, however, the addition of thalido-
mide3 or bortezomib4 or lenalidomide5 to the 
standard melphalan plus prednisone combina-
tion has changed the treatment paradigm for 
elderly patients with multiple myeloma.4,6,7 For 
many years, the combination treatment with 

melphalan-prednisone has been its conven-
tional chemotherapy, resulting in a median 
survival of about 3 years.2 
 The frequency of remission, the disease-free 
survival and overall survival have been im-
proved in patients ≤ 65 years with the use of 
first-line high-dose chemotherapy, followed by 
autologous stem-cell transplantation.8 Indeed, 
two large randomized trials compared this 
procedure with standard chemotherapy and 
the overall 5-year survival improved from 12% 
to 52% in one trial, while the median survival 
increased from 42 to 54 months in the second 
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trial.4,5 However, most patients’ relapse and 
further therapies were largely ineffective.6,7 
 In the past 10 years, new advances have 
been gained into the understanding of the bi-
ologic and molecular mechanisms of MM pa-
thogenesis. Several studies have indeed shown 
a critical role of the bone marrow microenvi-
ronment in the development of this neoplastic 
disease.9 The interactions of MM cells with 
stromal cells and extracellular matrix trigger 
paracrine and autocrine loops of many cyto-
kines involved in MM progression and activate 
intracellular signal pathways that promote 
bone destruction as well as survival, prolifera-
tion, drug resistance and genomic instability of 
myeloma cells.9,10 The identification of these 
mechanisms has led to the development of 
novel therapeutic options to target specific 
pathways involved in the pathogenesis of dis-
ease in order to disrupt functional interactions 
between MM cells with bone marrow micro-
environment and to block autocrine self-
supporting circuits.11,12 These agents include 
the immunomodulatory drug thalidomide, the 
proteasome inhibitor bortezomib,9 and the tha-
lidomide derivative lenalidomide.10 Clinical 
studies have shown encouraging results first in 
patients with relapsed/refractory MM, then in 
newly diagnosed patients. These drugs, alone 
and in combination, are now all approved 
treatment options for symptomatic MM.13-15 
 Present study was design to assess the ef-
fects of combination of bortezomib (B) mod-
erate dose, continuous oral low-dose melpha-
lan (M), thalidomide (T) and dexamethasone 
(D), [BMTD regimen] in elderly patients aged ≥ 
65 years with relapsed MM. 

Methods 
Between April 2004 and January 2010, a total of 
24 patients aged ≥ 65 years, with primary re-
fractory or relapsed MM were enrolled in the 
study and followed up until June 2010. Pa-
tients with relapsed MM after ≥ 1 prior treat-
ment and a minimal response of ≥ 2 months 
after their last line of therapy were eligible for 
enrollment. Additional eligibility criteria in-
cluded measurable serum or urinary para-

protein, platelet count > 100 × 109/l, absolute 
neutrophil count > 1.5 ×109/l, and serum crea-
tinine < 170 μmol/l. In addition, patients with 
peripheral neuropathy grade ≥ 2 or patients 
receiving any investigational drugs within 14 
days of enrollment were excluded from the 
study. Ethics approval was obtained from the 
school of medicine in Isfahan University of 
Medical Sciences. All patients were informed 
about the purpose of the study and written in-
formed consent was obtained from all of them. 
 Eligible patients received eight 3-week 
treatment cycles with bortezomib (VelCadeR 
JANSSEN-CILAG, Idron, France) 1.3 mg/m2 
on days 1, 4, 8, and 11 and followed by three 5-
week cycles with bortezomib 1.3 mg/m2 on 
days 1, 8, 16, and 22. Within all cycles, 24 
mg/d dexamethasone (OSVAH pharmaceuti-
cal co. Tehran, Iran) was given intravenously 
on the day of bortezomib injection and the day 
thereafter. In addition, patients received conti-
nuous oral daily melphalan (AlkeranR 2 mg 
Comprese rivestite con film. Glaxo Smith Kline 
S.P.A Agenzio Italiana del Farmaco: Maggio 
2009) treatment at a dose of 5 mg/d for twenty 
days and 100 mg/day thalidomide (MyrinR 
Lipomed AG Fabrikmuttenwey 4. CH-4144 
Arlesheim. Switzerland). Antiviral prophylaxis 
appears to be mandatory with Acyclovir 400 
mg tablet every 6 h/day manufactured by 
Rous Darow Laboratories Tehran, Iran and or 
Amantidine cap 100 mg every 6 h/day made 
by Amin pharmatetical co. Isfahan, Iran. 
 Baseline evaluations included physical ex-
amination, blood counts, hepatic and renal 
function tests, bone marrow aspirate and biop-
sy, serum and urine protein electrophoreses for 
serum immunoglobulin and urinary light 
chains, β2-microglobulin and C-reactive pro-
tein. A chest X-ray and a complete radiological 
bone survey were also performed. 
 Safety was assessed throughout the study 
by physical examinations, recording of vital 
signs, general condition, oral mucosites, toxici-
ty assessments and laboratory tests (hematolo-
gy, clinical chemistry, complete blood count 
(CBC), platelet, WBC diff, alanine aminotrans-
ferase (ALT), aspartate aminotransferase, 
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blood urea nitrogen (BUN), creatinine, urine 
analysis, chest X-Ray and abdominal-pelvic 
sonography). All patients that received at least 
one dose of the study’s drugs were included in 
the toxicity evaluation. Two patients received 
additional erythropoietin 4000 iu subcutaneous 
injection every 3 days to control anemia. 
 Patients were evaluated before each treat-
ment cycle to determine how their disease re-
sponded to the therapy. The preferred method 
was the measurement of monoclonal protein in 
the serum and urine. Bone marrow evaluation 
was incorporated to identify complete re-
sponse.16 The free light chain assay allowed the 
determination of response in patients with 
immeasurable disease by serum and urine pro-
tein electrophoresis. Disease activity in all pa-
tients was measured with the serial of monoc-
lonal protein in the serum or urine. Alternative 
methods included the evaluation of bone mar-
row plasma cell percentage and serum free 
light-chain measurements. Bone marrow 
plasma cell assessment and imaging studies, 
such as CT-scan and/or magnetic resonance 
imaging (MRI), were the only methods availa-
ble for monitoring the small subset of myelo-
ma patients that could not be measured by 
monoclonal protein or free light chain. The 
frequency of bone marrow assessment in these 
patients depended on other clinical parame-
ters; patients who were felt to be responding 
well based on improvement in end-organ func-
tion needed bone marrow assessments less 
frequently compared with those in whom the 

response status was less clear.16 
 Applying the predefined dose modification 
criteria, there was no grade 4 anemia or leuco-
penia17 with this combination treatment. How-
ever, 23% of patients suffered from grade 2: 
Infection in one organ and 4% (one patient) 
grade 3 infections. Respiratory tract infection 
with septic course without underlying neutro-
penia was controlled with appropriate antibio-
tics (grade 4 Infection meaning widespread 
infection and septecemia).18 This 67-year-old 
patient had received four prior lines of treat-
ment within 43 months since MM diagnosis. 
 Statistical analysis was performed by SPSS 
software version 17 (SPSS Inc, Chicago, IL, 
USA). All data was presented as means ± SD, 
number (%) or median [range] as appropriate. 
Statistical significance was accepted at p < 0.05 
(two-tailed). 

Results 
Mean age of subjects was 72.8 ± 6.4 years 
[range 66-90 years]. Baseline demographic and 
clinical characteristics are summarized in table 
1. Of 24 patients evaluated for response, 19% of 
patients achieved a complete response (CR), 
65% a partial response (PR) and 6% a minor 
responses rate (MRR), resulting in an overall 
response rate (ORR) of 90%. Median event-free 
survival was 15 months, with a median overall 
survival of 25 months. The median number of 
treatment cycles with bortezomib/low-dose 
melphalan/dexamethasone and thalidomide 
was six cycles (median duration of treatment 

 
Table 1. Patient demographic and baseline characteristics (n = 24) 

Variable  

Sex (Female) 15 (62.5) 

Age (year) 72.8 ± 6.4 

Myeloma type  

IgG 14 (58.3) 

IgM 6 (16.7) 

IgA 4 (25) 

Serum β2-microglobulin (> 3.0 mg/l) 8 (33.3) 

C-reactive protein (> 3.0 mg/l) 15 (62.5) 

Bone marrow plasma cells > 50% 24 (100) 
Data are presented as number (%) or mean ± SD 
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4.5 months). Eighteen of the 24 patients com-
pleted 11 cycles or achieved a confirmed com-
plete response. The median time to first re-
sponse was 45 days (range 1.4–6 months). In 
the responding patients, a partial response oc-
curred within the first two cycles (69% after the 
first cycle and 22% after the second). The me-
dian time from diagnosis to study entry was 52 
months. The median duration of follow-up 
from study entry was 26 months (range 20–32 
months).  
 The most common grade 2 adverse events 
regardless of relation to study drug treatment 

are show in figure 1. The most commonly re-
ported adverse events were thrombocytopenia, 
leukocytopenia, infection and fatigue. There 
was no apparent constipation or hyperglyce-
mia with this drug combination. Grade 3 ad-
verse events regardless of relation to study 
drug treatment were thrombocytopenia (one 
patient), infection (one patient), neuropathy 
(one patient), cardiovascular events (one pa-
tient), dyspnea (one patient) and edema (one 
patient). Table 2 shows the most common 
grade 2 and 3 adverse events in 24 relapsed 
elderly patients with MM. 

 

 
Figure 1. Grade 2 adverse events regardless of relation to study drug treatment (n= 24). Grade 3 
adverse events were thrombocytopenia (one patient), infection (one patient), neuropathy (one pa-
tient), cardiovascular events (one patient), dyspnea (one patient) and edema (one patient). 
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Table 2. Adverse events in 24 relapsed elderly patients with multiple myeloma 
Variable Grade 2 Grade 3 

Venous thromboembolic disease 1 (4.2) 0 

Myopathy 2 (8.3) 0 

Neuropathy 3 (12.5) 1 (4.2) 

Anemia 7 (29.2) 1 (4.2) 

Thrombocytopenia 12 (50) 1 (4.2) 

Leucopenia 13 (54.2) 2 (8.3) 

Data are presented as number (%) 
 
Discussion 
The majority of MM patients will ultimately 
relapse after initial therapy. A mixture regimen 
using a novel agent backbone is an attractive 
therapeutic choice, potentially allowing longer 
duration of response compared with previous 
regimens.17,19-21 Bortezomib combination thera-
pies are being increasingly explored, with a 
predictable rise in efficacy over monotherapy.  
 The rationale for dosing of melphalan 24 
hour after bortezomib was based on in vitro 
studies demonstrating reserve of DNA repair 
pathways by bortezomib, therefore sensitizing 
both drug-sensitive and resistant myeloma 
cells to melphalan maximally after ≥10–16 
hour.22 Treatment with single agent bortezo-
mib at a dose of 1.3 mg/m2 effected at least 
partial responses in 27% of patients with re-
lapsed and refractory MM, 38% of patients 
with a relapse after one to three previous ther-
apies and 50% in patients relapsing during or 
after first-line therapy.15,20,23,24  
 In addition, it was indicated a dose–
response association with an inferior response 
rate of 33% with 1.0 mg/m2 of bortezomib. 
Median time to progression MM with single 
agent bortezomib was superior to high-dose 
dexamethasone (6.22 vs. 3.49 months).24 Over-
all survival in relapsed and refractory MM was 
17 months.23 Combination with dexametha-
sone in patients with either stable or progres-
sive disease on bortezomib alone resulted in 
11% to 18% additional responses.14,20 However, 
it has not been established whether the addi-
tion of dexamethasone confers benefit in terms 
of TTP and overall survival compared to bor-
tezomib alone.25 

 Conventional cytotoxic drugs may add to 
the efficacy of bortezomib.26 In MM, bortezo-
mib has been shown to restore both cyclo-
phosphamide- and doxorubicin- sensitivity to 
resistant cell lines and to synergize with mel-
phalan in killing myeloma cells.21 In phase ½ 
trials assessing bortezomib and melphalan or 
doxorubicin combinations for relapsed or re-
fractory MM, ORR of 68–73% were 
achieved.17,27 In elderly untreated myeloma 
patients, bortezomib plus melphalan and 
prednisone appeared significantly superior 
to historical melphalan and prednisone 
alone.28 In an attempt to further improve the 
efficacy of bortezomib/dexamethasone, the 
present phase 2 trials was initiated to study 
bortezomib/dexamethasone in combination 
with continuous low-dose melphalan admi-
nistered orally. 
 This study demonstrated that bortezomib 
and melphalan therapy can be safely and effec-
tively administered to patients with relapsed 
MM, with only one DLT (grade 4 neuropathy) 
observed during the phase I component.25 In 
response to the occurrence of myelosuppres-
sion in the first cohort, the criteria to define the 
MTD protocol were expanded to include the 
dose not leading to delays of more than 2 
weeks to progress to the next cycle. This me-
thod for defining the MTD has been increa-
singly described for novel agent combination 
studies.17  
 The dose of oral melphalan (5.0 mg/d) 
used for this study was too lower than that 
used in other studies that combined intra-
venous melphalan doses of 20 mg/m2 with 
dexamethasone or 25 mg/m2 melphalan 
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with thalidomide/prednisone.29 The lower-
than-expected MTD protocol of melphalan in 
this study supports the hypothesis of syner-
gistic cytotoxicity with bortezomib. Despite a 
lower melphalan dose, the responses ob-
served were rapid (median time to response 
45 days) and occurred at a high rate ORR 
90% at the MTD protocol. 
 For patients with stable or progressive dis-
ease, the addition of dexamethasone had only 
a modest effect in improving responses. Im-
portantly, lower doses of melphalan have been 
associated with lower incidence of toxicities, 
particularly in patients > 65 years.25 Although 
pharmacokinetics was not assessed in this 
study, the reduced pharmacokinetic variability 
of oral dosing of melphalan may account for 
the significant efficacy of this regimen and to-
lerable safety profile. In this study, the compli-
cation of treatment with combination therapy 
with bortezomib, low dose continuous oral 

melphalan, low-dose dexamethasone, thali-
domide in patients with relapsed MM were 
very mild, controllable and with relative high 
result in responses. 
 In conclusion, this study demonstrated po-
tent in vivo activity of combination therapy 
with bortezomib, low dose continuous oral 
melphalan, low-dose dexamethasone, thali-
domide and melphalan in patients with re-
lapsed MM, with an acceptable safety profile 
and high ORR. These findings indicated that 
further study in setting is warranted, compar-
ing this regimen with the widely used borte-
zomib and dexamethasone combination. 
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