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Introduction

M u l t i p l e  m y e l o m a  ( M M )  i s  t h e  m o s t  f r e q u e n t 
hematological malignancy originating from clonal plasma 
cells. The overall response rate of MM patients treated with 
conventional chemotherapeutic agents, such as melphalan, 
vincristine and adriamycin, is 60%. Less than 5% patients 

achieve a complete response (CR), and the median survival 
is 2–3 years (1). Since 1996, when Attal et al. published 
results indicating that high-dose chemotherapy (HDC) 
followed by autologous stem cell transplantation (ASCT) 
could achieve a higher response rate (RR), longer event-
free survival (EFS) and longer overall survival (OS) of MM 
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patients, this approach has become part of standard therapy 
for transplant-eligible patients (2-4). 

Over the past decade, with the advent of novel agents 
such as immunomodulatory drugs (IMiDs) and proteasome 
inhibitors, the treatment of newly diagnosed MM has 
improved dramatically (5). In several clinical trials (6-8), the 
ORR of MM patients treated with bortezomib, thalidomide 
and dexamethasone (VTD) was higher than 90%, and 
the CR was at least 27%. However, due to disease relapse 
or refractory to regimens, patients with newly diagnosed 
MM who received current novel therapeutic approaches, 
mainly bortezomib and IMiDs, achieved dissatisfactory 
survival outcomes. MM was still an incurable disease, 
and treatments required further exploration regarding 
various combinations, sequences, doses and durations 
of active drugs to achieve rapid and deeper response 
and maintain remission to prolong survival. On the basis 
of several vital clinical trials (9-12), glucocorticoids, 
IMiDs plus proteasome inhibitors has become the most 
common induction and consolidation therapy, and studies 
demonstrated that administration bortezomib once a week 
instead of twice weekly can diminish treatment-related 
toxicity to greatly improve quality of life. However,  Brioli 
et al. demonstrated that the CR rate was reduced from 27% 
to 20% after a prolonged injection period of bortezomib 
from twice a week to once a week (13). For patients, the 
main considerations in MM treatment management, such 
as choice of therapy regimens and drop-out from treatment, 
were effectiveness and cost-effectiveness. 

To explore optimum dosage and duration of bortezomib 
in that combination to achieve a higher response rate 
and lower costs for patients, we conducted single-center 
research to evaluate the efficiency and safety of bortezomib 
at 1.6 mg/m2 on day 1, day 6 and day 11 in a 21-day cycle 
setting.

Methods

Patients 

Between January 2012 and August 2016, a total of  
93 patients under age 85 with symptomatic, measurable and 
newly diagnosed MM were enrolled in this study. Exclusion 
criteria included the following: symptomatic congestive 
heart failure, unstable angina, and myocardial infarction 
within the past 6 months; left ventricular ejection fraction 
less than 40%; grade 2 or higher peripheral neuropathy; and 

pulmonary diffusing capacity less than 50% of predicted. 
All patients provided written informed consent before 
participating in the research. 

Treatment

To achieve rapid and deep response and prolong remission, 
the treatment of newly diagnosed MM was composed with 
sequential drug combinations and divided into 3 phases: 
induction, consolidation and maintenance therapy. In our 
research, all patients received a triple agent combination 
therapy, VTD, as the induction and consolidation therapy. 
They received thalidomide (100 mg/day for 12–18 months) 
as maintenance therapy to extend the duration of best 
response. In group-1, patients received subcutaneous 
bortezomib 1.6 mg/m2 and oral dexamethasone 40 mg on 
days 1, 6 and 11, in combination with oral thalidomide  
100 mg on days 1–21 (VTD-1). For group-2, bortezomib 
was administered at a dose of 1.3 mg/m2 and oral 
dexamethasone 40 mg on days 1, 4, 8 and 11, plus oral 
thalidomide 100 mg on days 1–21 (VTD-2). Each patient 
received four cycles of VTD as the induction therapy to 
minimize tumor burden as much as possible. After achieving 
at least a partial response (PR), transplantation eligible 
patients received 200 mg/m2 melphalan and followed 
ASCT. To reduce aggressive subclones and secondary 
mutations, non-ASCT patients had 8–12 cycles of VTD as 
consolidation therapy to improve the quality of response 
(14,15). The approach of treatment in this study is outlined 
in Figure 1.

Criteria for evaluation

Response assessments were carried out according to the 
uniform response criteria of the International Myeloma 
Working Group (IMWG) (16), and they were conducted 
before each course of treatment, treatment discontinuation 
or planned end of treatment. The primary end point was 
progression-free survival (PFS), which was defined as the 
interval from the date of the initiation of induction therapy 
to the disease progression, relapse, or death. The secondary 
end points included overall survival (OS, calculated from 
the date of diagnosis to death or when the patient was 
lost from follow-up), safety and tolerability, feasibility and 
quality of stem cell collection, and response rate at each step 
of the program.
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Statistical methods

The Kaplan-Meier method was administered to analyze 
survival distribution, and the log-rank test was used to 
assess the significance of differences in survival curves. The 
associations between categorical variables were analyzed 
using Pearson chi-squared test. All data were statistically 
analysed using a commercially available statistical software 
package (SPSS 19.0; IBM Corp.). Differences were 
considered statistically significant when P values were <0.05.

Results

Patients and treatments 

This study included 93 patients newly diagnosed with MM. 
The demographics and baseline characteristics of these 
patients are summarized in Table 1. The median age was 
61 years (ranging from 41 to 83 years), and 56 patients 
were male (60.2%). The bone marrow fluorescent in situ 
hybridization (FISH) analysis and chromosome examination 
were conducted for al l  pat ients ,  and cytogenetic 

abnormalities were detected in 40 (43%) patients at their 
initial diagnosis of MM, including the presence of gain (1q), 
deletion (1p), deletion (17p), and deletion (13) mutations, 
IgH translocations, MYC translocations, trisomies and 
complex chromosomal abnormalities.

All patients received at least 4 cycles of VTD, excluding 
5 patients with a poor response. The median treatment 
cycles for group-1 and group-2 were 5.55 and 5.47 cycles, 
respectively. Due to adverse events and disease progression, 
5 patients in group-1 and 6 patients in group-2 discontinued 
treatment after 4 to 7 cycles of VTD. In group-1,  
40 patients received VTD-1, and 7 eligible patients 
performed transplantation. After ASCT, 2 patients with 
cytogenetic abnormalities detected when diagnosed were 
treated with another 2 cycles of VTD-1 after hematologic 
recovery, and all of the 7 patients continued to receive 
thalidomide (100 mg/day for 12–18 months) as maintenance 
therapy. In group-2, 53 patients were treated with VTD-
2, and 9 patients received ASCT. With high risk to relapse, 
3 out of 9 patients received 2 cycles of VTD-2 before 
maintenance therapy.

VTD-1 as induction therapy : 
bortezomib, SC, 1.6 mg/m2, and 
dexamethasone, oral, 40 mg on 
days 1, 6 and 11; thalidomide, 
oral, 100 mg on days 1-21.

5 patients discontinued treatment 
after 4 to 7 cycles of VTD due 
to adverse events and disease 
progression

VTD-2 as induction therapy : 
bortezomib, SC, 1.3 mg/m2, and 
dexamethasone, oral, 40 mg on 
days 1, 4, 8 and 11; thalidomide, 
oral, 100 mg on days 1-21.

6 patients discontinued treatment 
after 4 to 7 cycles of VTD due 
to adverse events and disease 
progression

38 non-ASCT patients had 8-12 cycles 
of VTD-1 as consolidation therapy

VTD-2 n=53

9 eligible patients 
received ASCT

3 patients with high risk to 
relapse received 2 cycles of 
VTD-2 before maintenance 
therapy

Treated with thalidomide for 12 months

7 eligible patients 
received ASCT

2 patients with cytogenetic 
abnormalities were treated 
with another 2 cycles of 
VTD-1 after hematologic 
recovery

Response after 4 cycles
18 patients CR
18 patients VGPR
1 patients PR

Response in ASCT subgroups
5 patients CR
2 patients VGPR
0 patients PR

Response after 4 cycles
20 patients CR
24 patients VGPR
4 patients PR

Response in ASCT subgroups
6 patients CR
3 patients VGPR
0 patients PR

Treated with thalidomide for 12 months

28 non-ASCT patients had 8-12 cycles 
of VTD-1 as consolidation therapy

93 MM Patients were enrolled 

VTD-1 n=40

Figure 1 Flowchart of the treatment strategy. VTD, combination therapy of bortezomib, thalidomide plus dexamethasone; SC, 
subcutaneous; CR, complete response; VGPR, very good partial response; PR, partial response; ASCT, autologous stem cell transplantation.
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Efficacy

In group-1, with a median follow-up time of 18.77 months 
(a range 4 to 37 months), 9 patients (22.5%) had relapsed, 
and 4 patients (10%) had died due to the primary disease. 
In group-2, the relapse rate and mortality rate were 30.2% 
(16/53) and 9.4% (5/53), and the median follow-up time 
was 20.3 months (range 7 to 56 months). No significant 
differences were observed between the relapse and mortality 
rates in these two groups (P=0.278 and P=0.598). The 
median PFS in group-1 and group-2 was 34 months and 
28.8 months (P=0.969, Figure 2A), respectively. Although 
the median OS in group-2 was much longer than in 

group-1 (46.4 vs. 33.5 months, Figure 2B), this finding was 
not statistically significant (P=0.987).

All patients were assessed for response during the 
program, and Table 2 lists the response rates after induction 
and ASCT, and best response. The odds ratio (OR) rates 
were 95% in group-1 and 90.6% in group-2. There was no 
significant difference between these two groups (P=0.349). 
However, after 2 cycles of VTD, the OR in group-1 was 
significantly higher than in group-2 (95% vs. 81.1%; 
P=0.044). The best CR rate in group-1 was higher than 
in group-2 [52.5% (21/40) vs. 45.3% (24/53) (P=0.316)]. 
Only 2 out of 21 patients who achieved CR relapsed 

Table 1 The association between patients’ baseline characteristics and different groups

Characteristic Group-1 (N=40) Group-2 (N=53) P value

Age 0.378

Median (range) 62.1 years (42–83 years) 60.25 years (41–81 years)

≥65 years 14/40 (35%) 18/53 (33.96%)

>75 years 6/40 (15%) 2/53 (3.77%)

Gender 

Male/female 28/12 28/25 0.071

ISS stage 0.53

I and II 28/40 (70%) 37/53 (67.02%)

III 12/40 (30%) 17/53 (32.08%)

Cytogenetic abnormalities 15/40 (37.5%) 25/53 (47.17%) 0.236

Standard-risk 8 14

High-risk 7 11

Bone destruction 26/40 (65%) 40/53 (75.47%) 0.192

Number of VTD treatment

Median [range] 5.55 cycles [2–10] 5.47 cycles [3–7] 0.84

Serum β2 microglobulin, mean (mg/L) 5.01 5.23 0.536

Serum creatinine, mean (mg/L) 154.16 141.75 0.267

Serum calcium, mean (mmol/L) 2.64 2.43 0.741

ASCT 7/40 (17.5%) 9/53 (17%)

Stem cell harvesting of CD34+ cells 0.179

Median 3.68×106 cells/kg 5.84×106 cells/kg

Range (2.01–5.30)×106 cells/kg (2.17–13.01)×106 cells/kg

Blood transfusions 5 unit 3 unit 0.288

Peripheral blood cells resume 13.7 days 14.4 days 0.138

VTD, combination therapy of bortezomib, thalidomide plus dexamethasone; ASCT, autologous stem cell transplantation.
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from the disease in group-1, as did 9 out of 24 patients in 
group-2. The relapse rate between these two subgroups was 
statistically significant [9.5% vs. 37.5% (P=0.031)].

Before performing high-dose melphalan followed by 
ASCT, all transplantation eligible and willingness patients 
achieved at least PR. The response rate of these patients 
is described in Table 3. In group-1, the response of all  
3 patients who achieved PR before ASCT had improved, 
2 patients achieved CR, and 1 patient achieved very good 
partial response (VGPR) after ASCT. In group-2, 3 patients 
had an improved response from PR to VGPR, 1 patient 
went from PR to CR, and 2 patients went from VGPR to 
CR after ASCT.

Safety

Peripheral neuropathy (PN) is one of the key toxicities of 
bortezomib-based treatment. In this study, therapy related 
PN was found in 32.5% of group-1 patients (13/40) and 
41.5% of group-2 patients (22/53) (P=0.371) respectively. 
Only one patient with grade 3 sensory PN in group-1 was 
detected after 2 cycles of VTD-1, and this patient received 
dose modification (bortezomib from 1.6 to 1.3 mg/m2 on 

day 1, 6 and 11) for another 3 cycles. In group-1, 5 patients  
received dose reduction of bortezomib from 1.6 to 1.3 mg/m2.  
In group-2, for 7 patients, the dose of bortezomib was 
decreased from 1.3 to 1.0 mg/m2.

Treatment-related hematologic toxicities including 
thrombocytopenia, neutropenia and anemia were transient 
and cyclical. During treatment intermission, and after 
treatment was discontinued, the number of peripheral 
blood cells reached a normal level or pretreatment level. 
In group-1, 5 patients with febrile neutropenia and 
pneumonia needed antibiotics therapy over 14 days and 
support treatment of granulocyte colony-stimulating factor 
(G-CSF). By contrast, there were 6 patients in fourth 
agents arm. Due to the use of aspirin, no thromboembolic 
events were observed. In group-1, only 3 (7.5%, 3/40) 
patients reported herpes zoster infection and no further 
infection symptoms with antiviral prophylaxis in subsequent 
treatment. Similarly, 7.55% of patients (4/53) were detected 
with herpes zoster infection in group-2. 

Transplantation

After 4 cycles of VTD, 7 patients in group-1 and 8 patients 
in group-2 underwent high-dose melphalan, 200 mg/m2 as 
the conditioning regimen, followed by ASCT. The median 
CD34+ cells of stem cell collection was 3.68×106 cells/kg 
(range, 2.01×106 to 5.30×106 cells/kg) vs. 5.84×106 cells/kg  
(range, 2.17×106 to 13.01×106 cells/kg) (P=0.179). The 
number of mononuclear cells (MNCs) was 6.28×108 cells/kg 
(range, 3.97×108 to 10.83×108 cells/kg) vs. 5.85×108 cells/kg  
(range, 3.5×108 to 10.56×108 cells/kg) (P=0.459) in group-1 
and group-2. In group-1, 4 out of 7 needed a second harvest 
(28.6%, 2/7) and third harvest (28.6%, 2/7) to reach the 
2×106 CD34+ cells/kg required to proceed to transplantation. 
However, in group-2, only 2 patients (25%) needed a second 
stem cell harvest. There was no significant difference in the 
period of resumption of peripheral blood cells between these 
two groups, and median days of resumption of peripheral 
blood cells after infusion stem cell was 13.7 days in group-1 
vs. 14.4 days in group-2 (P=0.138). None of the patients 
experienced transplantation failure.

Discussion 

Multiple myeloma is still an incurable disease with 
unsatisfactory survival outcomes. Current therapeutic 
approaches are exploring various combinations, dosage, 
sequences and duration among glucocorticoids, IMiDs, 
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proteasome inhibitors and DNA alkylators to prolong 
survival and improve quality of life for patients with MM. 
Currently, VTD is widely used as the induction and 
consolidation therapy regimen. Opinions on the dose 
and interval of bortezomib in VTD is mainly divided 
into different usages. The maximum tolerated level of 
bortezomib was 1.96 mg/m2, and dose-limiting diarrhea and 
PN occurred at a dose of 1.56 mg/m2 (17). 

The commonly used dose of bortezomib was 1.3 mg/m2  
on days 1, 4, 8 and 11, with 10 days of rest (average  
1.73 mg/m2/week). However, PN was the most common 
adverse event associated with bortezomib, detected in 
33–55% of patients (18-20), and the main cause for dose 
modification or withdrawal. In the majority of patients, 
treatment-related PN was reversible. Prolonged duration 
of dose injection was an efficient therapy for bortezomib 
associated PN. In this research, group-1 patients who 
received bortezomib at a dose of 1.6 mg/m2 on days  
1, 6 and 11 (average 1.6 mg/m2/week) had a lower 
incidence of PN in contrast with group-2; 32.5% vs. 
41.5% respectively (P=0.371). In group-1, only 1 patient 
exhibited grade 3 PN, and symptoms improved after dose 
modification. No grade 4 PN was found in either group-1 
or group-2. The aforementioned treatment-related 
hematologic toxicities and infection showed no significant 

difference between the two groups. Combination with 
bortezomib at a dose of 1.6 mg/m2, on days 1, 6 and 11 
appeared to be a well-tolerated treatment in those newly 
diagnosed with MM.

Several studies have demonstrated that CR and duration 
to achieved CR was an independent prognostic factor for 
better survival outcomes (21,22). In this study, 8 patients 
achieved CR after 2 cycles of VTD-1, and none of them 
relapsed. All relapsed patients (n=9) achieved PR after  
2 cycles of VTD-1, even though the sequential treatment 
improved response at least VGPR in 3 of 9 patients. During 
the study, 2 of 8 patients who achieved CR after 2 cycles 
of VTD-2 relapsed. A total of 24 patients treated with 
VTD- achieved CR, and 9 of 24 (37.5%) patients eventually 
relapsed. The relapse rate in group-2 was much higher 
than among patients who received VTD-1 as induction 
and consolidation therapy; 37.5% vs. 9.5% (P=0.031). 
Meanwhile, after 2 cycles of VTD-1, 95% (38/40) patients 
achieved at least PR. The OR rate was much higher than 
among patients treated with VTD-2 (95% vs. 81.1%, 
P=0.044). Therefore, patients with newly diagnosed MM 
who received bortezomib 1.6 mg/m2 and dexamethasone 
40 mg on days 1, 6 and 11 in combination with thalidomide 
100 mg on days 1–21 as induction and consolidation therapy 
achieved a rapid and deeper response and had a lower risk 
of relapse.

In the context of novel agent therapy, autologous stem 
cell transplantation was still an efficient therapy for newly 
diagnosed MM (23-27), especially for patients who failed 
to achieve CR from induction treatment. In this study, 
15 patients received high-dose melphalan followed by 
ASCT after 4 cycles of induction therapy. After ASCT, the 
response of 9 patients was improved, and 77.8% of patients 
who achieved PR after induction therapy achieved at least 
VGPR. For transplantation eligible patients, the induction 
should have no unfavorable effects on stem cell collection 
and engraftment. In numerous studies on bortezomib-based 
combination therapy, there were no harmful effects on stem 

Table 2 Compare the overall response rate (OR) between group-1 and group-2

Group

Therapeutic outcomes of different groups

After 2 cycles* After 4 cycles** Best response***

CR VGPR PR CR VGPR PR CR VGPR PR

Group-1 (%) 20 5 70 45 2.5 45 52.5 7.5 35.5

Group-2 (%) 15.1 1.9 64.2 37.7 7.5 45.3 45.3 9.4 35.8

CR, complete response; VGPR, very good partial response; PR, partial response; *P=0.044; **P=0.523; ***P=0.349.

Table 3 Response in ASCT subgroups

Response

Group-1 (n=7) Group-2 (n=9)

Pre-
ASCT

Post-
ASCT

P-value
Pre-

ASCT
Post-
ASCT

P value

CR 3 5 0.147 3 6 0.074

VGPR 1 2 2 3

PR 3 0 4 0

ASCT, autologous stem cell transplantation; CR, complete 
response; VGPR, very good partial response; PR, partial 
response.
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cell harvesting or transplantation (28-30). In this study, even 
though the median CD34+ cells of stem cell collection was 
much higher in group-2, there was no significant difference 
between the two groups (5.84×106 vs. 3.68×106 cells/kg, 
P=0.179). In group-1, more than half of the patients who 
received bortezomib at a dose of 1.6 mg/m2 on days 1, 6 and 
11 needed a second or third harvest to reach the quantity 
required to perform transplantation. It appeared that the 
higher single dose of bortezomib had adverse impacts on 
stem cell harvesting. However, due to the limitation of the 
sample size, no statistically significant difference was found 
in times of stem cell collection (P=0.182). As previously 
mentioned, there was no adverse impact on engraftment in 
this new high-dose bortezomib-based induction therapy. 

In conclusion, higher single dose of bortezomib in 
combination with dexamethasone and thalidomide was well 
tolerated and efficient as an induction and consolidation 
therapy for patients with newly diagnosed MM who are 
ineligible or unwilling to achieve transplantation. High-dose 
of bortezomib-based induction therapy was not conducive to 
transplantation, an issue that requires further research.
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