
Int J Clin Exp Med 2015;8(8):12202-12210
www.ijcem.com /ISSN:1940-5901/IJCEM0007693

Original Article
Single-agent bortezomib or bortezomib-based regimens 
as consolidation therapy after autologous  
hematopoietic stem cell transplantation  
in multiple myeloma: a meta-analysis  
of randomized controlled trials

Minjie Gao1*, Guang Yang1*, Ying Han1*, Yuanyuan Kong1, Huiqun Wu1, Yi Tao1, Fenghuang Zhan2, Jumei 
Shi1, Xiaosong Wu1

1Department of Hematology, Shanghai Tenth People’s Hospital, Tongji University School of Medicine, Shanghai, 
China; 2Department of Internal Medicine, University of Iowa, Carver College of Medicine, Iowa, USA. *Equal con-
tributors.

Received March 7, 2015; Accepted May 28, 2015; Epub August 15, 2015; Published August 30, 2015

Abstract: The efficacy and safety of single-agent bortezomib or bortezomib-based regimens as consolidation therapy 
after autologous hematopoietic stem cell transplantation (ASCT) in patients with multiple myeloma (MM) has been 
in question. To address the issue, we conducted a meta-analysis of two randomized double-blind placebo-controlled 
studies involving a total of 691 patients. The primary outcomes of interest were progression-free survival (PFS) and 
response rate. Secondary outcomes included overall survival (OS) and adverse events. There was a marked benefit 
in 3-year PFS with bortezomib (Odds Ratio [OR] = 1.52, 95% confidence interval [CI] = 1.11 to 2.08), whereas there 
was no difference in 3-year overall survival (OS; OR = 0.91, 95% CI = 0.60 to 1.37). More bortezomib-treated pait-
ents achieved at least a very good partial response (≥ VGPR) (OR = 1.73, 95% CI = 1.19 to 2.51). The rate of com-
plete response or near-complete response (CR/nCR) was significantly higher with bortezomib consolidation therapy 
(OR = 1.62, 95% CI = 1.18 to 2.22). For adverse events, more patients in the bortezomib consolidation therapy 
arm experienced peripheral neuropathy (OR = 4.03, 95% CI = 2.72 to 5.96). Significant differences were also seen 
with those experiencing peripheral neuropathy greater than grade 2 (OR = 4.26, 95% CI = 1.06 to 17.11). Based on 
these results, we conclude that single-agent bortezomib or bortezomib-based regimens as consolidation therapy 
after ASCT in patients with MM was effective in the improvement of PFS and response rate. However, peripheral 
neuropathy must be closely monitored.
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Introduction

High-dose therapy plus autologous stem cell 
transplantation (ASCT) has improved overall 
survival (OS) for patients with multiple myelo-
ma (MM) over the last decade and remains  
the standard of care for patients 65 years of 
age or younger [1-4]. The proteasome inhibitor 
bortezomib-based regimen has been shown to 
be very efficacious as an induction therapy 
before ASCT [5-8]. The success of bortezomib 
before ASCT led to its use as a consolidation 
and maintenance therapy after ASCT [9, 10]. 
Although the terms consolidation and mainte-
nance are often used synonymously in the 

transplant setting, the two terms are distinct. 
Maintenance therapy is long-term and aims to 
decrease the risk of relapse [11], whereas con-
solidation therapy is short-term to enhance the 
response of the prior treatment phases, which 
could include novel agent-based induction ther-
apy and ASCT [11-13]. Because results have 
been inconsistent across several studies [14-
19], the role of consolidation and maintenance 
therapy is still unclear for patients with MM 
[13].

The primary aim of our study was to evaluate, in 
retrospect, whether the addition of single-agent 
bortezomib or bortezomib-based regimens as 
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Table 1. Search criterion of medline (via pubmed, from inception to September 30, 2014)
No. Query results Results
#5 Search ((((((“Randomized Controlled Trials as Topic”[Mesh]) OR “Randomized Controlled Trial” [Publication Type])) AND ((consolidation [Title/Abstract]) OR “Consolidation Chemotherapy” 

[Mesh])) AND ((((((myeloma [Title/Abstract]) OR myelom* [Title/Abstract]) OR multiple myeloma [Title/Abstract]) OR plasmacytoma [Title/Abstract]) OR plasmocytom* [Title/Abstract]) OR 
“Plasmacytoma” [Mesh])) AND ((bortezomib [Title/Abstract]) OR “bortezomib” [Supplementary Concept]))

15

#4 Search (“Randomized Controlled Trials as Topic” [Mesh]) OR “Randomized Controlled Trial” [Publication Type] 460490

#3 Search (bortezomib [Title/Abstract]) OR “bortezomib” [Supplementary Concept] 5110

#2 Search (consolidation [Title/Abstract]) OR “Consolidation Chemotherapy” [Mesh] 19054

#1 Search (((((myeloma [Title/Abstract]) OR myelom*[Title/Abstract]) OR multiple myeloma [Title/Abstract]) OR plasmacytoma [Title/Abstract]) OR plasmocytom* [Title/Abstract]) OR “Plasmacy-
toma” [Mesh]

54808

#represent number; *represent one or more letters of the alphabet.

Table 2. Search criterion of cochrane library (from inception to September 30, 2014)
No. Query Results Results
#1 “myeloma”: ti, ab, kw or “myeloma*”: ti, ab, kw or “multiple myeloma”: ti, ab, kw or “plasmacytoma”: ti, ab, kw or “plasmocytom*”: ti, ab, kw (Word variations have been searched) 2041

#2 MeSH descriptor: [multiple myeloma] explode all trees 879

#3 #1 or #2 2041

#4 “consolidation”: ti, ab, kw (Word variations have been searched) 1419

#5 MeSH descriptor: [consolidation chemotherapy] explode all trees 21

#6 #4 or #5 1419

#7 “bortezomib”: ti, ab, kw or “Velcade”: ti, ab, kw or LDP-341: ti, ab, kw or PS 341: ti, ab, kw or PS-341: ti, ab, kw (Word variations have been searched) 338

#8 #3 and #6 and #7 15
#represent number; *represent one or more letters of the alphabet.
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consolidation therapy would improve clinical 
outcomes. After review of the current literature, 
we identified two phase 3 randomized con-
trolled trials (RCTs) that assessed the efficacy 
and safety of single-agent bortezomib or bort-
ezomib-based regimens as consolidation thera-
py after ASCT in patients with MM [12, 13]. We 
then conducted a meta-analysis of these trials 
in an attempt to clarify the relative benefits and 
risks of single-agent bortezomib or bortezomib-
based regimens as consolidation therapy after 
ASCT in patients with MM. Progression-free 
survival (PFS) and response rate were the  
two primary outcomes for this meta-analysis, 
and OS and adverse events were secondary 
outcomes.

Methods

Search strategy

We used MEDLINE and the Cochrane Library  
to locate all relevant studies published up  
to September 2014. The search criteria are 
listed in Tables 1, and 2. ‘The related articles’ 
function in PubMed to identify other potent- 
ially relevant articles was used. Further, the 
ClinicalTrials.gov registry was searched. All the 
references of retrieved articles were also evalu-
ated. Data was collected only from published, 
peer-reviewed papers.

The quality of trials was evaluated by two inde-
pendent reviewers, who examined the adequa-
cy of the allocation generation, allocation con-
cealment, double blinding, data analysis, and 
power analysis. Data extraction was performed 
independently based on selection criteria. If a 
disagreement arose between the reviewers, 
agreement was achieved through consultation 
with a third reviewer.

Statistical analysis

For each trial, the effect of consolidation treat-
ment was expressed as an Odds Ratio [OR] 
with 95% confidence interval [CI]. Both the fixed 
effects model and random effects model were 
used to calculate the pooled OR. Heterogeneity 
was assessed by both the chi-squared test  
and I2 statistics. Statistically significant hetero-
geneity was considered as P < 0.1 or I2 statis-
tics > 50%. The random effects model was 
selected when heterogeneity was significant. 
Revman software (5.2) was used to perform all 
calculations.

Results

Selection of the trials

Our initial search yielded 30 potential relevant 
studies, of which nine studies were duplicated 
and 18 studies were deemed ineligible after 

Figure 1. Flowchart of the se-
lection of studies.

Selection criteria

Only phase 3 RCTs that 
compared single-agent bo- 
rtezomib or bortezomib-
based regimens with pla-
cebo controls as consolida-
tion therapy after ASCT for 
patients with MM were 
included. Reports had to 
include the treatment strat-
egy, the criteria used for 
selecting patients, and clin-
ical outcomes or safety of 
the treatments. The eligi- 
bility of each study was 
assessed independently by 
two investigators.

Data extraction and meth-
odological quality assess-
ment
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Table 3. Characteristics of studies fulfilling inclusion criteria in the meta-analysis

Author [Year] Inclusion criteria No. of patients 
(% of male) Age, mean Therapy

Cavo [2012] 18 to 65 years
Previously untreated MM

VTD:160 (60)
TD:161 (59)

VTD:55.6
TD:55.5

VTD (V 1.3 mg/m2 d1, 8, 15, 22, T 100 mg/d, D 40 mg d1, 2, 8, 9, 15, 16, 22, 23); TD (T 
100 mg/d, D 40 mg d1-4, 20-23)

Mellqvist [2013] V naïve; No progression in the first 3 months After ASCT V:187 (59)
P:183 (60)

V:59.1
P:58.7

First 2 cycles: V 1.3 mg/m2 d1, 4, 8, 11 for 3 w; Next 4 cycles: V 1.3 mg/m2 d1, 8, 15 for 4 w

MM: multiple myeloma; V: bortezomib; T: thalidomide; D: dexamethasone; P: placebo; ASCT: autologous stem cell transplantation; d: day; w: week.

Table 4. Methodological quality assessment of included trials

Author [Year] Location Allocation generation Allocation 
concealment Double blinding Data  

analysis
Power 

analysis
Cavo [2012] Italy Unclear Unclear Double blinded PP Yes
Mellqvist [2013] Denmark, Estonia, Finland, Iceland, Norway, Sweden Computer generated Unclear Double blinded ITT Yes
ITT: intention-to-treat; PP: per-protocol.
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screening titles and abstracts (Figure 1). The 
full text of the remaining 3 studies was reviewed 
in full, revealing two randomized controlled tri-
als that fully met the inclusion criteria [12, 13]. 
One trial was excluded because no data regard-
ing consolidation outcomes were available as 
defined by our inclusion criteria [20].

Description of trials

An outline of the two trials is provided in Table 
3, and their methodological quality is summa-
rized in Table 4. The trial results were published 
between 2012 and 2013. Both reported the 
efficacy and safety of single-agent bortezomib 
or bortezomib-based regimens as consolida-
tion therapy after ASCT in patients with MM, 
were double blinded, and described power 

analysis. Mellqvist et al. used intention-to-treat 
analysis and described the methods of alloca-
tion generation. Cavo et al. used per-protocol 
analysis and did not report the methods of allo-
cation generation. Neither trial described the 
methods of allocation concealment.

Survival

From the two trials, 691 patients were evalu-
able for PFS. The pooled OR of PFS was 1.52 
(95% CI = 1.11 to 2.08, P = 0.01), showing 
marked benefit of bortezomib consolidation for 
improving PFS, with no statistically significant 
heterogeneity (P = 0.63, I2 = 0%, Figure 2). Both 
trials were eligible for analysis of OS (691 
patients). There was no statistically significant 
difference in OS between the arms (OR = 0.91, 

Figure 2. Pooled odd ratios of progression-free survival in the comparison of single-agent bortezomib or bortezomib-
based regimens and placebo controls as consolidation therapy.

Figure 3. Pooled odd ratios of overall survival in the comparison of single-agent bortezomib or bortezomib-based 
regimens and placebo controls as consolidation therapy.

Figure 4. Pooled odd ratios of complete response or near-complete response in the comparison of single-agent 
bortezomib or bortezomib-based regimens and placebo controls as consolidation therapy.
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95% CI = 0.60 to 1.37, P = 0.65). Heterogeneity 
for OS was not significant between the two tri-
als (P = 0.23, I2 = 29%, Figure 3).

Response rate

In the bortezomib and placebo arms, 342 and 
344 patients were evaluable for response  
rate, respectively. There were 199 patients 
achieving complete response or near-complete 
response (CR/nCR) in the bortezomib arm and 
162 patients achieving CR/nCR in the placebo 
arm. As shown in Figure 4, there was a signifi-
cant difference in CR/nCR between the two 
arms (OR = 1.62, 95% CI = 1.18 to 2.22). No 
heterogeneity was observed (P = 0.67, I2 = 0%). 
276 patients achieved at least a very good par-

tial response (VGPR) in the bortezomib arm, 
and 247 patients achieved at least VGPR in the 
placebo arm. There was a significant difference 
in at least VGPR between the two arms (OR = 
1.73, 95% CI = 1.19 to 2.51). No heterogeneity 
was observed (P = 0.68, I2 = 0%, Figure 5).

Adverse events

Among all the adverse events, the incidence of 
peripheral neuropathy was reported in both tri-
als. As shown in Figure 6, we found significant 
differences between bortezomib and placebo 
arms, with more patients in the bortezomib arm 
experiencing greater incidence of peripheral 
neuropathy (OR = 4.03, 95% CI = 2.72 to 5.96). 
Significant differences were also seen with 

Figure 5. Pooled odd ratios of at least very good partial response in the comparison of single-agent bortezomib or 
bortezomib-based regimens and placebo controls as consolidation therapy.

Figure 6. Pooled odd ratios of peripheral neuropathy in the comparison of single-agent bortezomib or bortezomib-
based regimens and placebo controls as consolidation therapy.

Figure 7. Pooled odd ratios of peripheral neuropathy > grade 2 in the comparison of single-agent bortezomib or 
bortezomib-based regimens and placebo controls as consolidation therapy.
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peripheral neuropathy greater than (>) grade 2 
(OR = 4.26, 95% CI = 1.06 to 17.11, Figure 7). 
Heterogeneity was not significant for peripheral 
neuropathy (P = 0.82, I2 = 0%).

Discussion

The efficacy and safety of single-agent bortezo-
mib or bortezomib-based regimens as consoli-
dation therapy after autologous hematopoietic 
stem cell transplantation (ASCT) in patients 
with MM has been in question. In order to 
address the issue, we conducted a meta-analy-
sis of two randomized double-blinded placebo-
controlled studies encompassing 691 patients. 
We confirmed that single-agent bortezomib or 
bortezomib-based regimens as consolidation 
therapy markedly improved PFS. However, this 
did not translate into an evident benefit, as OS 
was not significantly improved. Notably, there 
were higher rates of CR/nCR after single-agent 
bortezomib or bortezomib-based regimens as 
consolidation therapy. Similarly, consideration 
therapy achieved a superior rate of at least 
VGPR.

We planned to extract data on toxicity to evalu-
ate the safety of single-agent bortezomib or 
bortezomib-based regimens as consolidation 
therapy. However, only the incidence of periph-
eral neuropathy was reported in both trials.  
Our results show that consolidation therapy 
increased the risk of peripheral neuropathy. 
The higher risk of peripheral neuropathy great-
er than (>) grade 2 was also seen. Therefore, 
peripheral neuropathy should be carefully 
monitored.

There are a number of limitations of our meta-
analysis. The most obvious limitation was that 
only two studies met the inclusion criteria. Our 
work was also only based on the aggregate 
study, not on analysis of individual patient data, 
and is therefore limited in time-to-event analy-
ses. Nevertheless, the several strengths of our 
meta-analysis outweigh the limitations. First, 
the quality of a meta-analysis is always subject 
to the quality of the included studies and the 
studies used in our meta-analysis were both of 
high quality. Both trials were large RCTs that 
reported double blinding of the participants 
and outcome assessors and described power 
analyses. Second, the efficacy and safety out-
comes were defined similarly in both the indi-

vidual trials included in our meta-analysis. 
Furthermore, to our knowledge, this meta-anal-
ysis was the first systematic review to evaluate 
specifically the efficacy and safety of single-
agent bortezomib or bortezomib-based regi-
mens as consolidation therapy after ASCT in 
patients with MM.

In conclusion, we showed that single-agent 
bortezomib or bortezomib-based regimens as 
consolidation therapy for patients with MM 
after ASCT improved PFS and response rate. 
However, peripheral neuropathy must be close-
ly monitored and longer follow-up and addition-
al high quality RCTs are needed to evaluate the 
effects of consolidation therapy on OS.
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