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Abstract
Purpose  Combinations of bortezomib (Velcade), cyclophosphamide and dexamethasone have shown significant efficacy 
and safety for patients of newly diagnosed multiple myeloma (NDMM). In this study, we compared the efficacy and safety 
of modified VCD regimens with novel changes in bortezomib dose and schedule for NDMM.
Methods  Eighty-five NDMM patients from multiple centers were randomly assigned to a high-dose (1.6 mg/m2) (group A) 
or a low-dose (1.3 mg/m2) (group B) bortezomib, administrated on days 1, 6, 11, and 16 subcutaneously in a 4-week cycle 
for nine cycles, combined with 40 mg dexamethasone on bortezomib days and cyclophosphamide 300 mg/m2 on days 1–3 
intravenously.
Results  After four cycles, complete response (CR) or better in group A (43.6%) was higher than that in group B (12.8%) 
(P = 0.002). During induction, for patients with R-ISS stage III, the CR or better rate in group A was superior to that in group 
B (P = 0.01). Of patients < 65, the CR or better rate of group A was superior to that of group B (P = 0.004). Rapid onset of 
CR occurred in group A (P < 0.01). Meanwhile, rate of 3–4 diarrhea was higher in group A (P = 0.03), which caused higher 
rate of dose reduction for patients ≥ 65 (P = 0.041). No significant difference between the two groups in PFS and OS.
Conclusions  The studied high-dose VCD as induction regimen had an improved CR rate, especially in patients < 65 or with 
R-ISS stage III, and is feasible for young and high-risk patients.
Trial registration ClinicalTrials.gov: NCT02086942.
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Introduction

Multiple myeloma (MM) is the second most common 
hematologic malignancy. The treatment goals for both 
young and elderly patients should be to prolong survival 
by achieving the best possible treatment response, while 
ensuring quality of life. Novel agents such as thalidomide, 
bortezomib and lenalidomide have greatly advanced MM 

treatment during the past decade (Cavo et al. 2011; Rich-
ardson et al. 2007). These agents have been incorporated 
into induction treatments to increase rates of response 
(≥ the rate of very good partial response [VGPR]) before 
autologous stem cell transplantation (ASCT) and thereby 
improved post transplantation outcomes (Cavo et al. 2010; 
Harousseau et al. 2010). Bortezomib contained regimens 
as induction treatments for newly diagnosed MM (NDMM) 
patients were associated with higher response rate, espe-
cial deeper response, and rapider onset than other avail-
able regimens in China (He et al. 2014). Recent studies 
indicated that three-drug combination regimens of pro-
teasome inhibitors and immunomodulatory drugs yielded 
deep responses in NDMM patients (Mai et al. 2015). In 
China, bortezomib-contained regimens have been the 
preferred induction regimens. Triple combinations of 
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bortezomib–cyclophosphamide–dexamethasone (VCD), 
bortezomib–doxorubicin–dexamethasone (PAD) and 
bortezomib–thalidomide–dexamethasone (VTD) are three 
of the most frequently used induction regimens prior to 
ASCT that are recommended by the National Comprehen-
sive Cancer Network (NCCN) guidelines version 1.2019. 
For treatment of transplant-ineligible patients, only VCD 
regimen is recommended by NCCN.

Recently, a phase III clinical trial showed that VCD and 
PAD were similarly effective as judged by the response 
rates and toxicity profile (Mai et al. 2015). More frequent 
leukocytopenia/neutropenia (≥ Grade 3) occurred in the 
VCD group (35.2% vs. 11.3%, P < 0.001) while neuropa-
thy rates (≥ Grade 2) were higher in the PAD group (14.9 
vs. 8.4%, P = 0.03). But overall serious adverse events and 
those related to thromboembolic events were higher in the 
PAD group than in the VCD group (32.7 vs. 24.0%, P = 0.04 
and 2.8 vs. 0.4%, P = 0.04). Furthermore, the collection of 
stem cells was not hindered by VCD. Therefore, VCD is 
preferred to PAD as induction therapy (Mai et al. 2015). In 
addition, the tolerance of VCD as consolidation regimen was 
superior to that of VTD or PAD, and VCD is less expensive 
than either VTD or PAD. A study in China (He et al. 2014) 
compared the efficacy of four bortezomib-based therapies as 
induction regimens including bortezomib (1.3 mg/m2, given 
intravenously on days 1, 4, 8, and 11) plus dexamethasone 
(PD) or PD and either adriamycin (PAD), cyclophosphamide 
(PCD) or thalidomide (PTD) combination for every 28 days, 
and found that overall response rate (ORR) of PCD, PAD, 
PTD, and PD were 97.4%, 93.2%, 85.3%, and 77.8%, respec-
tively, while the rates of VGPR or better were 63.7%, 62.7%, 
44.2%, and 37.8%, respectively. The incidence of periph-
eral neuropathy (PN), especially grade 2–3 in PTD group 
was significantly higher than the other three groups. These 
results indicated that bortezomib-based regimens were effec-
tive and well tolerated in the studied Chinese population, 
especially with respect to PCD. Bortezomib of dose 1.3 mg/
m2 giving as an intravenous bolus injection (taking 3–5 s to 
administer) twice weekly for 2 weeks (on days 1, 4, 8 and 
11) in a 21-day cycle was a preferred MM treatment (Rich-
ardson et al. 2003). The survival, response, and time-to-
progression data indicated that the above intravenous borte-
zomib regimen for a maximum of eight cycles surpassed that 
of the dose 1.0 mg/m2 (Jagannath et al. 2004). This would 
suggest that higher dose of bortezomib may be beneficial 
for increasing patient response rate and survival, though the 
main adverse event of bortezomib is dose-depending PN, 
which limits the optimal use of bortezomib (Richardson 
et al. 2006). Studies also have shown that weekly use of 
bortezomib and subcutaneous administration significantly 
improved drug tolerability with no adverse effect on effi-
cacy (Mateos et al. 2010; Moreau et al. 2011). Based on 
these findings, we speculated that higher dose of bortezomib 

and subcutaneous administration could benefit response rate 
while maintaining the level of treatment-related toxicity.

The recommended standard quantity of bortezomib in rel-
evant guidelines is 1.3 mg/m2, twice weekly. Considering the 
point of response, drug density and adverse events, we set 
the elevated dose of bortezomib to 1.6 mg/m2 in this study. 
We also modified the dosing interval to once every 5 days 
via subcutaneous administration. The selection of 1.6 mg/
m2 once every 5 days was based on the fact that the cumula-
tive dose of 1.6 mg/m2 once every 5 days of four cycles (a 
total of 112 days) is equal to five cycles of the recommended 
regimen of bortezomib 1.3 mg/m2, twice weekly (a total of 
105 days). To test the effect of bortezomib use rate (dose), 
we hypothesized that bortezomib 1.6 mg/m2, once every 
5 days subcutaneously would be superior to that of 1.3 mg/
m2 as induction or consolidation therapy. To validate this 
hypothesis and further verify treatment efficacy and toler-
ability, we designed this multicenter, open-label randomized 
phase 2 trial with patients of NDMM.

Materials and methods

Study design

This trial was done at 10 centers in China to determine the 
safety and efficacy of two doses of bortezomib (1.6 mg/m2, 
group A and 1.3 mg/m2, group B) by subcutaneous injection 
combined with cyclophosphamide and dexamethasone for 
NDMM patients. Declaration of Helsinki and the principles 
of Good Clinical Practice were followed. The study protocol 
was approved by the institutional ethics committee of Jinling 
Hospital. All participating patients provided written con-
sents. Patients were enrolled between April 2013 and May 
2017. Clinical data cutoff was August 1, 2018.

Patients

Patients aged 18–75 years with NDMM having measurable 
disease were enrolled. Key inclusion criteria included the 
Karnofsky performance status ≥ 50%, adequate hemato-
logical and hepatic function. Exclusion criteria included 
active infectious disease; active peptic ulcer; medical his-
tory of venous thrombosis; pregnant females; PN of grade 
2 or worse; myocardial infarction; unstable angina within 
4 months or other clinically significant heart diseases.

Procedures

Eligible patients were randomly assigned at 1:1 ratio to 
receive two doses of bortezomib, administered on days 1, 
6, 11, and 16 by subcutaneous injection in a 4-week cycle 
for maximum nine cycles. Dexamethasone 40 mg on the 
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days of bortezomib and cyclophosphamide 300 mg/m2 on 
days 1–3 were administered by intravenous infusion. After 
four cycles of induction, transplant-eligible patients received 
either stem cell transplant or chemotherapy on their own 
choice. Treatment was interrupted when grade 3 or worse 
drug-related non-hematological adverse events or grade 4 
drug-related hematological adverse events occurred, and 
resumed at 20% dose reduction upon resolution of the tox-
icity to grade 2 or better. Subsequent maintenance therapy 
included cyclophosphamide 0.2 g/day for 1–7 days alone 
or combined with prednisone 60 mg/day up to 2 years if no 
relapse or progression occurred.

Assessment

Assessments started at the beginning of each cycle during 
induction, consolidation, and every three cycles of mainte-
nance treatment. Fluorescence in situ hybridization (FISH) 
was used for t (4:14), t (11:14), t (14;16), del13, +1q21, and 
del17p. The primary endpoint was CR-evaluated according 
to the International Myeloma Working Group (IMWG) cri-
teria. The secondary endpoints included PFS and OS, ORR, 
VGPR or better, and safety evaluations. Adverse events 
(AEs) were graded by NCI-CTCAE Version 3.0.

Pharmacodynamic assessments

Inhibition of 20S proteasome as bortezomib mechanism of 
action (Blaney et al. 2004; Moreau et al. 2011) was evaluated 
using a previously described assay (Lightcap et al. 2000). 
Blood samples (2 mL) of selected patients were obtained 
before and at 1, 2, 4, 24, and 48 h after the first dose, and 
before and 1, 2, and 24 h after the second, third and fourth 
dose during the first cycle.

Statistical analysis

Simon Minimax two-stage design was used. The maximum 
CR rate considered of low interest was 30% (P0) and the 
minimum was 50% (P1). The target enrollment (α = 0.05; 
β = 0.20) was estimated as 39 patients per group. In the first 
stage, 19 patients per group were considered and at least 
seven CRs in group A were needed to complete the accrual. 
At least 17 CRs after therapy completion were necessary to 
demonstrate efficacy of group A.

Patients received at least one dose of bortezomib were 
included in intention-to-treat (ITT) and safety analyses. All 
patients who completed four or nine cycles were included 
in per-protocol analysis. PFS and OS were analyzed using 
Kaplan–Meier method. Response rate differences were ana-
lyzed with the χ2 or Fisher’s exact test. All analyses were 
done with the Statistical 4.0 for Windows.

Results

Study population

Overall, 85 NDMM patients were enrolled between April 
2013 and May 2017. Forty-two patients were randomly 
assigned to receive bortezomib 1.6 mg/m2 (Group A) and 
43 were to receive bortezomib 1.3 mg/m2 (Group B). The 
demographics and cytogenetic characteristics were gen-
erally well balanced between the two groups (Table 1). 
The patients received a median of 4.5 treatment cycles 
(range: 1–9) in group A and 4 (range: 1–9) treatment 
cycles in group B. In group A, 37 (88.1%) patients com-
pleted two cycles, 29 (69%) patients received at least four 
cycles (induction) and 19 (45.2%) patients completed all 
nine cycles (induction plus consolidation). In group B, 38 
(88.4%) patients completed two cycles, 30 (69.8%) patients 
received at least four cycles and 15 (34.9%) patients com-
pleted all nine cycles. Only three patients in group A and 
one in group B have undergone stem cell transplantation 
(ASCT) after four cycles (induction). The patients who 
completed all nine cycles in the two groups have received 
maintenance therapy. The total treatment cycles of the two 
groups were similar with 228.25 cycles for group A and 
225 cycles for group B. The median cumulative dose of 
bortezomib and dose intensity (mg/m2 per cycle, cycle ≥ 5) 
also were similar between the groups (P = 0.12, Table 1). 
The mean bortezomib dose intensity (mg/m2 per cycle) 
received by patients of cycles 1–4 in group A was higher 
than that of group B (mean dose intensity 5.2 vs. 4.5, 
P = 0.03, Table 1). At data cutoff (August 1, 2018), the 
median follow-up of all patients was 31.87 months (range: 
1.83–61.3). The most common causes of therapy interrup-
tion were progressive disease, adverse events, insurance 
issue, and refusal (Fig. 1).

Efficacy

Treatment response was evaluated for 39 patients in both 
group A and group B. Seven patients were not evaluable 
because of missing assessment following cycle 1. At the 
first stage of the Simon Minimax design, 11 (57.9%) of the 
19 patients in group A and 6 (31.6%) of the 19 patients in 
group B achieved CR. The result of interim analysis after 
the completion of the first stage suggested proceeding with 
the second stage to complete the planned accrual. At the 
end of the second stage, 17 patients assigned to 1.6 mg/m2 
(group A) and 10 patients assigned to 1.3 mg/m2 (group 
B) achieved CR or better after therapy completion (nine 
cycles), with the rate of 43.6% and 25.6% (P = 0.076), 
respectively, statistically similar (Table 2).
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The CR rate after two induction cycles of bortezomib 
1.6 mg/m2 (group A) was higher than that of bortezomib 
1.3 mg/m2 (group B). Seven (17.9%) of the 39 patients in 
group A had a CR compared with 0 (0%) of the 39 patients 
in group B (P = 0.006) (Table 2). The difference in CR 
or better between group A and B after the four induction 
therapies was 43.6% vs. 12.8% (P = 0.002). Moreover, 30 
patients in group A and 20 patients in group B achieved 
VGPR or better after induction therapy, with statistical 
difference between them (76.9% vs. 51.3%, P = 0.016). 
The ORR after the induction therapy was similar, 79.5% 
for group A and 76.9% for group B. The response rates of 

different subgroups are shown in Table 2, including sub-
groups based on age (≥ 65 years vs. < 65 years) and R-ISS 
(I + II vs. III). Of patients with R-ISS stage III, the rate of 
CR or better in group A was superior to that in group B 
(P = 0.01) after the four induction therapies. Of patients 
with R-ISS stage I and II, after the four induction thera-
pies the VGPR or better in group A was superior to that 
in group B (P = 0.016). Meanwhile, of patients younger 
than 65 years, after the four induction therapies the rate 
of CR or better and the rate of VGPR or better in group 
A was superior to that in group B (P = 0.004, P = 0.03). 
After completion of induction and consolidation therapy 

Table 1   Patient demographics 
and baseline disease 
characteristics

LDH serum lactate dehydrogenase, ISS international staging system, DS Durie–Salmon, R-ISS revised 
international staging system
*P ≤ 0.05

Variable Group A
N = 42

Group B
N = 43

P

Gender (male, %) 25 (59.5) 26 (60.5) 0.553
Median age, years (range) 59 (43–74) 60 (40–80) > 0.05
≥ 65 years, n (%) 11 (26.2) 11 (25.6) 0.572
M isotype, n (%)
 IgA 10 (23.8) 9 (20.9) 0.477
 IgG 21 (50) 24 (55.8) 0.375
 IgD 2 (4.8) 1 (2.3) 0.491

Light chains 9 (21.4) 9 (20.9) 0.582
Albumin (g/L) ≤ 35, n (%) 24 (57.1) 30 (69.8) 0.163
Creatinine ≥ 176 µmol/L, n (%) 11 (26.2) 8 (18.6) 0.282
Elevated LDH, n (%) 10 (23.8) 13 (30.2) 0.337
DS, n (%) 0.14
 I + II 2 (4.8) 6 (14)
 III 40 (95.2) 37 (86)

ISS, n (%) 0.215
 I + II 15 (35.7) 20 (46.5)
 III 27 (64.3) 23 (53.5)

R-ISS, n (%) 0.442
 I + II 28 (66.7) 27 (62.8)
 III 14 (35) 16 (39)

Cytogenetic abnormality, n (%)
 Del(13q) 14 (33.3) 15 (34.9) 0.531
 Del(17p) 3 (7.1) 4 (9.3) 0.513
 Amp(1q21) 18 (42.9) 16 (37.2) 0.378
 t (4:14) 9 (21.4) 11 (25.6) 0.423
 t (11:14) 4 (9.5) 6 (14) 0.384
 t (14:16) 1 (2.4) 2 (4.7) 0.509

Baseline diabetes mellitus, n (%) 6 (14.3) 5 (11.6) 0.483
Baseline cardiopathy, n (%) 4 (9.5) 3 (7) 0.487
Median cycles, n (range) 4 (1–9) 4 (1–9) 1
Bortezomib cumulative dose (mean, mg/m2) 34.1 (6.3–57.6) 28.2 (5.2–46.8) 0.12
Bortezomib dose intensity (mg/m2 per cycle, mean, cycles 1–4) 5.2 (1.6–6.4) 4.5 (1.3–5.2) 0.03*
Bortezomib dose intensity (mg/m2 per cycle, mean, cycle ≥ 5) 5.3 (1.28–6.4) 4.7 (0.78–5.2) 0.12
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(9 cycles), the rate of CR or better of patients younger 
than 65 years in group A was superior to that in group B 
(P = 0.046). In group A, 72.4% of patients were transplant-
eligible (< 65 years old, VGPR or better), while 44.8% 
of patients in group B were transplant-eligible (P = 0.03). 
However, the outcomes after completion of induction and 
consolidation therapy (9 cycles) showed that response 
rates including VGPR, PR and ORR of patients in group 
A were similar as patients in group B (P > 0.05) (Table 2). 
Interestingly, after induction course no further tumor 
response was observed in group A,suggesting maximum 
efficacy achieved during induction (Table 2). On the other 
hand, 7 of 30 patients in group B with PR or VGPR after 

the induction chemotherapy had a further tumor volume 
reduction after chemotherapy completion, including four 
sCR, one CR and two VGPR.

For the responding patients, the median time to PR 
(response-evaluable analysis) was 1.18 months (n = 33, 
range 1–3) in group A and 1.35 months (n = 31, range 
1–4) in group B (P = 0.29). The median time to VGPR was 
2.1 months (n = 32, range 1–4) and 2.61 months (n = 23, 
range 1–8) for group A and B, respectively (P = 0.16) (data 
not shown). In addition, the median time to best response 
was 2.9  months (n = 33, range 1–4) in group A and 
3.3 months (n = 30, range 1–8) in group B (P = 0.31). The 
median time to CR in group A was 3.11 months (n = 18, 

Fig. 1   Consort diagram of the study
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range 2–4) and 4.77 months (n = 13, range 3–6) in group B 
(P < 0.01). According to the PP analysis, both the rate of 
CR or better and VGPR or better after induction therapy 
(4 cycles) were significantly higher in group A (58.6% vs. 
16.6%, P = 0.001; 93.1% vs. 66.7%, P = 0.012). No sig-
nificant difference was observed in ORR between the two 
groups (96.6% vs. 90%, P = 0.319). After the completion 
of the therapies (9 cycles), no significant differences were 

observed in CR, VGPR and ORR between the two groups 
(P > 0.05) (Table 3).

Pharmacodynamic

Preliminary test showed that the maximum 20S proteasome 
inhibition occurred at 2 h after bortezomib administration. 
In our study, this maximum inhibition activity was increased 
as the dose increases (P = 0.02) for those tested patients 

Table 2   The therapy outcome after different cycles

*P ≤ 0.05

Outcome Group A (1.6 mg/m2)
(N = 39)

Group B (1.3 mg/m2)
(N = 39)

2 cycles 4 cycles 9 cycles 2 cycles 4 cycles 9 cycles

sCR 0 5 (12.8%) 8 (20.5%) 0 1 (2.6%) 5 (12.8%)
CR 7 (17.9%)* 12 (30.8%)* 9 (23.1%) 0 4 (10.3%) 5 (12.8%)
VGPR 16 (41%) 13 (33.3%) 11 (28.2%) 15 (38.5%) 15 (38.5%) 12 (30.8%)
PR 8 (20.5%) 1 (2.6%)* 1 (2.6%) 13 (33.3%) 10 (25.6%) 6 (15.4%)
≥ CR 7 (17.9%)* 17 (43.6%)* 17 (43.6%) 0 5 (12.8%) 10 (25.6%)
≥ VGPR 23 (59%) 30 (76.9%)* 28 (71.8%) 15 (38.5%) 20 (51.3%) 22 (56.4%)
ORR 31 (79.5%) 31 (79.5%) 29 (74.4%) 28 (71.8%) 30 (76.9%) 28 (71.8%)
≥ CR/R-ISS
 I + II 10/25 (40%) 10/25 (40%) 4/23 (17.4%) 5/23 (21.7%)
 III 7/14 (50%)* 7/14 (50%) 1/16 (6.3%) 5/16 (31.3%)

≥ VGPR/R-ISS
 I + II 22/25 (88%)* 20/25 (80%) 13/23 (56.5%) 14/23 (60.9%)
 III 8/14 (57.1%) 8/14 (57.1%) 7/16 (43.8%) 8/16 (50%)

≥ CR/age
 ≥ 65 years 4/10 (40%) 4/10 (40%) 2/10 (20%) 4/10 (40%)
 < 65 years 13/29 (44.8%)* 13/29 (44.8%)* 3/29 (10.3%) 6/29 (20.7%)

≥ VGPR/age
 ≥ 65 years 8/10 (80%) 8/10 (80%) 7/10 (70%) 8/10 (80%)
 < 65 years 21/29 (72.4%)* 20/29 (69%) 13/29 (44.8%) 14/29 (48.3%)

Median cycles to CR 3.11 (2–4) (n = 18)* 4.77 (3–6) (n = 13)
Median cycles to the 

best response
2.9 (1–4) (n = 33) 3.3 (1–8) (n = 30)

Table 3   Responses to therapy

*P ≤ 0.05

Induction therapy Induction and consolidation therapy

Group A (1.6 mg/m2) Group B (1.3 mg/m2) Group A (1.6 mg/m2) Group B (1.3 mg/m2)

ITT n = 39 n = 39 n = 39 n = 39
≥ CR 17 (43.6%) 5 (12.8%)* 17 (43.6%) 10 (25.6%)
≥ VGPR 30 (76.9%) 20 (51.3%)* 28 (71.8%) 22 (56.4%)
≥ PR 31 (79.5%) 30 (76.9%) 29 (74.4%) 28 (71.8%)
Per protocol n = 29 n = 30 n = 19 n = 15
≥ CR 17 (58.6%) 5 (16.6%)* 13 (68.4%) 6 (40%)
≥ VGPR 27 (93.1%) 20 (66.7%)* 18 (94.7%) 12 (80%)
≥ PR 28 (96.6%) 27 (90%) 19 (100%) 15 (100%)
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(Table 4). Significant difference in the mean percentage of 
proteasome inhibition at 48 h after the first dosing on day 
1 also was observed between the two groups (P = 0.05). In 
addition, there was no significant difference in the mean 
percentage of proteasome inhibition at 0 h (before dos-
ing) on days 1, 6, and 16 between the two treatment groups 
(P > 0.05, data not shown), which demonstrated a complete 
recovery to baseline activity between dosing. However, this 
observation should be interpreted cautiously because of the 
limited number of patients and dose levels in this study.

Safety

Eighty-five patients who received at least one dose of bort-
ezomib were evaluable for safety. The safety profiles were 
summarized in Table 5. The rates of all grade hematological 
toxicity and grade 3 or higher non-hematological toxicities 
were similar between the two treatment groups. Rates of 
diarrhea events of any grade, and of severity grade 3 and 
higher were higher in group A than in group B (59.5% vs. 
32.6%, P = 0.011, and 23.8% vs. 7.0%, P = 0.03, respec-
tively). However, there were no significant differences 
in rates of peripheral sensory neuropathy or all grades of 
burbulence events between the two groups. No patient in 
the study died of toxic effects. Two older-than-65 patients 

discontinued the treatment due to peripheral sensory neu-
ropathy of grade 3 or higher in group A during induction 
stage. One patient aged 65 discontinued the treatment due 
to infection of grade 3 or higher in group B during consoli-
dation stage. Bortezomib dose modifications occurred in a 
higher proportion of patients in groups A when compared 
with group B (28.6% vs. 7.0%, P = 0.009). Dose reductions 
of 25% or more were implemented for 12 patients in the 
higher dose group (A) and for three patients in the lower 
dose group (B). In group A, bortezomib dose reduction 
occurred for eight patients (23.5%) during the induction 
therapy, including seven patients due to grade 3 diarrhea 
(6 of them were older than 65) and one patient (younger 
than 65) due to grade 3 burbulence, while four patients had 
bortezomib dose reduction during the consolidation ther-
apy, including three due to grade 3 diarrhea (all younger 
than 65) and one due to grade 3 burbulence (younger than 
65). In group B, two patients (4.9%, one older than 65) had 
bortezomib dose reduction due to grade 3 diarrhea during 
induction therapy and one patient (younger than 65) had 
dose reduction due to grade 3 diarrhea during consolida-
tion therapy. During induction, the rate of dose reduction of 
25% or more due to 3–4 diarrhea or burbulence were was 
significantly higher for higher dose group (A) than that of 
lower dose group (B) (P = 0.041).

Table 4   Percentage 20S proteasome inhibition following bortezomib dosing

h hour, ND not done, SD standard deviation
*P ≤ 0.05

Dose and 
patient no.

Percentage proteasome inhibition after bortezomib

Day 1 Day 6
(2 h postdose)

Day 11
(2 h postdose)

Day 16
(2 h post-
dose)

Patient 
average

1 h postdose 2 h postdose 4 h postdose 24 h post-
dose

48 h post-
dose

1.3 mg/m2

 1 51 71.5 44 7.6 3.8 ND ND ND 71.5
 2 43 58.3 53.6 15 0 ND ND ND 58.3
 3 ND 62.5 40.6 14.8 0 73.2 64 82.6 70.6
 4 ND 46.4 27.1 10.4 0 72.7 82 64.8 66.5
 5 ND 48.4 47.8 29.1 25.1 50.6 49.6 61.4 52.5
 6 ND 44.8 34.9 4.8 0 66.3 76.3 73.6 65.3
 7 ND 40.3 31.7 34.7 12.8 63.1 55.3 59.7 54.6

Average 47 53.2 40 16.6 6 65.2 65.4 68.4 62.8
SD 4 11.2 9.3 11.2 9.7 8.2 12.2 8.6 7.6
1.6 mg/m2

 1 63 77 52.8 21.6 24.9 ND ND ND 77
 2 50 75 47 19 6.4 ND ND ND 75
 3 ND 59.7 57.6 39.7 18.4 68.8 70.5 67.3 66.6
 4 ND 77.8 31.3 47.2 34.5 74.6 66.4 69.1 72

Average 56.5 72.4 47.2 31.9 21.1 71.7 68.5 68.2 72.7
SD 6.5 8.5 11.4 13.8 11.8 2.9 2.1 0.9 4.5
P ND 0.02* 0.35 0.06 0.05* ND ND ND 0.02*
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Survival analysis

First, we analyzed PFS and OS between group A and group 
B with ITT. Between median follow-up of 29 months (IQR 
2.5–61.3) in group A and 33.9 months (1.8–60.2) in group 
B, we noted no significant differences in PFS (median 
30.6 months vs. 28.8 months, P = 0.481) and OS (2-year 
survival 75.8%, vs. 78.3%; P = 0.995) (Fig.  2a, b). We 
further analyzed the effect of prognosis stratification on 
PFS and OS (Fig. 2c, d). Unexpectedly, we found that the 
patients in group A with R-ISS III stage had inferior PFS to 
those in group A with R-ISS I or II stage (median 20.0 vs. 
35.7 months, P = 0.038). However, the patients in group B 
with R-ISS III stage had similar PFS to those in group B with 
R-ISS I or II stage (median 29.7 vs. 27.5 months, P = 0.8). In 
addition, patients in group A with R-ISS III stage or R-ISS 
I or II stage had similar PFS to those in group B (R-ISS III 
stage, median 20 vs. 29.7 months, P = 0.363; R-ISS I or II 
stage, median 35.7 vs. 27.5 months, P = 0.128). Numeri-
cally, the median PFS of patients with R-ISS I or II stage 
was higher for group A (35.7 months) than that for group 
B (27.5 months). The opposite is true for the patients with 
R-ISS III stage. OS was not significantly different among the 
four subgroups (P > 0.05).

Second, PFS and OS of patients who completed the total 
nine cycles without bortezomib dose reductions were ana-
lyzed. There were 27 such patients including 12 in group 
A and 15 in group B. As shown in Fig. 3, no significant 

differences in PFS (median 39.2 vs. 30.8 months, P = 0.149) 
and OS (median 48 vs. 52.5  months, P = 0.838) were 
observed between these two subsets of patients.

Discussion

The results from this open-label and multicenter randomized 
phase II study of NDMM patients showed that the modi-
fied VCD regimen with bortezomib 1.6 mg/m2 on days 1, 6, 
11, and 16 by subcutaneous injection (group A) as induc-
tion regimen was associated with higher CR or VGPR rates, 
especially for patients < 65 years old or with R-ISS stage 
III, than that of bortezomib 1.3 mg/m2 (group B). Patients 
younger than 65 years also were benefited by the higher dose 
of bortezomib during consolidation therapy. This efficacy 
advantage of high-dose bortezomib might be explained by 
the findings of the pharmacodynamic analyses. The time 
to Emax (maximum proteasome inhibition) was 2 h after 
bortezomib dosing in both groups, which is similar with the 
results reported by Moreau et al. in patients with relapsed 
MM (Lightcap et  al. 2000). This maximum inhibition 
increased with the dose increased, and could explain the 
faster onset response and a better response rate in group A 
than that of group B. However, at the completion of all nine 
cycles (induction + consolidation), we observed similarity 
between the two groups across all efficacy endpoints, includ-
ing rates of VGPR, PR, and ORR. In addition, PFS and OS 

Table 5   Most common adverse 
events by treatment group

*P ≤ 0.05

Adverse event type Group A (n = 42) Group B (n = 43)

All grades Grade ≥ 3 All grades Grade ≥ 3

Hematologic
 Leukopenia 14 (33.3%) 3 (7.1%) 15 (34.9%) 4 (9.3%)
 Thrombocytopenia 17 (40.4%) 6 (14.3%) 15 (34.9%) 7 (16.3%)
 Neutropenia 14 (33.3%) 3 (7.1%) 15 (34.9%) 4 (9.3%)

Nonhematologic
 Fatigue 13 (31%) 0 17 (39.5%) 1 (2.3%)
 Peripheral sensory neuropathy 12 (28.6%) 2 (4.8%) 10 (23.3%) 1 (2.3%)
 Nausea 9 (21.4%) 1 (2.4%) 6 (14%) 0
 Diarrhea 25 (59.5%)* 10 (23.8%)* 14 (32.6%) 3 (7%)
 Constipation 5 (11.9%) 2 (4.8%) 7 (16.3%) 0
 Vomiting 6 (14.3%) 2 (4.8%) 4 (9.3%) 0
 Edema limbs 2 (4.8%) 0 3 (7%) 1 (2.3%)
 Creatinine increased 1 (2.4%) 1 (2.4%) 0 0
 Infection 16 (38.1%) 16 (38.1%) 20 (46.5%) 19 (44.2%)
 Burbulence 11 (26.2%) 2 (4.8%) 5 (11.6%) 0
 Asthenia 6 (14.3%) 1 (2.4%) 5 (11.6%) 0
 Anorexia 15 (35.7%) 2 (4.8%) 18 (41.9%) 1 (2.3%)
 Treatment discontinuations because of AEs 2 (4.8%) 1 (2.3%)
 Bortezomib dose reductions because of AEs 12 (28.6%)* 3 (7%)
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were not significantly different between the two treatment 
groups after a median follow-up of 29 months in group A 
and 33.9 months in group B. Furthermore, the higher bort-
ezomib dose also seemed more beneficial for R-ISS I or II 
stage patients than for R-ISS III patients indicated by higher 
PFS median.

CR achievement after both induction therapy and autolo-
gous stem cell transplantation with minimal side effects is 
one of the most powerful predictors for long-term outcome 
and represents a major endpoint of the treatment strategy 
in younger MM patients (Tricot et al. 1995). The current 
study of VCDs as induction therapies in transplant-eligible 

NDMM patients was heterogeneous in terms of treatment 
dosing and schedules. It was worth mentioning that 72.4% of 
the patients were transplant-eligible (VGPR or better) after 
four cycles of induction therapy in our trial groups, which 
is higher than other studies (Reeder et al. 2009, 2010; Bens-
inger et al. 2010; Kumar et al. 2012; Moreau et al. 2016; 
Tanake et al. 2019) listed in Table 6 (Supplementary mate-
rial). In addition, the rate of CR or better was similar in our 
trial (44.8%) to that reported in Reeder’s trial with higher 
cumulative doses of cyclophosphamide or dexamethasone 
(Reeder et al. 2010). In the meantime, the rate of grade 3 or 
worse PN in our study was not higher than that in the studies 

Fig. 2   PFS and OS of group A and group B (ITT). There were no sig-
nificant differences in PFS (P = 0.481) and OS (P = 0.995) between 
the two groups (a, b). The effect of prognosis stratification on PFS 
and OS was also analyzed (c, d). Group A with R-ISS I or II stage 
(n = 28): blue curve; group A with R-ISS III stage (n = 14): green 
curve; group B with R-ISS I or II stage (n = 27): brown curve; group 
B with R-ISS III stage (n = 16): purple curve. Group A patients with 
R-ISS III stage had inferior PFS to those with R-ISS I or II stage 

(P = 0.038). However, the patients with R-ISS III stage in group 
B had similar PFS to those with R-ISS I or II stage (P = 0.8). The 
patients in group A with R-ISS III stage had similar PFS to those in 
group B with R-ISS III stage (P = 0.363). The patients in group A 
with R-ISS I or II stage had similar PFS to those in group B with 
R-ISS I or II stage (median 35.7 vs. 27.5 months, P = 0.128). There 
was no significant difference in OS among the four subgroups 
(P > 0.05)
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listed in Table 6. Whereas the rate of diarrhea of grade 3 or 
worse in our study was higher but manageable than that of 
the studies listed in Table 6. The diarrhea was controlled 
by Loperamide during the study period. The higher rates of 
diarrhea in group A of the current study could be explained 
by the higher mean percentage of proteasome inhibition at 
48 h after dosing in group A and/or other factors. Between 
the two groups of our study, bortezomib dose reduction 
occurred with a higher proportion in groups A than in group 
B during induction and after therapy completion, especially 
for patients older than 65 during induction. Considering the 
overall adverse events, the modified VCD regimen of bort-
ezomib 1.6 mg/m2 on days 1, 6, 11, and 16, by subcutaneous 
injection was good for patients younger than 65 as induction, 
but was not well tolerated as induction for patients older 
than 65 or as consolidation regimens for all patients. Moreau 
et al. (2016) reported that VTD was superior to VCD prior to 
intensive therapy in multiple myeloma. The VTD treatment 
in the study consisted of four 3-week cycles of bortezomib 
1.3 mg/m2 administered subcutaneously (SC) on days 1, 4, 
8, and 11, dexamethasone 40 mg on days 1–4, 9–12, plus 
thalidomide 100 mg/day administered orally. The rate of 
VGPR or better after four cycles of induction therapy of 
transplant-eligible NDMM patients in VTD regimen was 
66.3%, which was lower than 72.4% in our trial groups. The 
rate of CR or better after four cycles of induction therapy 
of transplant-eligible NDMM patients in VTD regimen was 
13%, which was lower than 44.8% in our trial groups. The 
rate of 3–4 grade PN was 7.7% in the VTD arm, which was 
higher than 4.8% in our trial groups. On the other hand, 
the modified VCD regimen with bortezomib 1.3 mg/m2 on 
days 1, 6, 11, and 16, by subcutaneous injection was well 

tolerated as consolidation regimens especially in elderly 
patients. For patients older than 65 years in the 1.3 mg/m2 
dose group (B), the rate of VGPR or better and CR or better 
after induction and consolidation therapies (9 cycles) was 
80% and 40%, respectively. This result of our study is bet-
ter than those reported recently by Tuchman et al. (2017), 
with the rate of VGPR or better and CR or better was 41% 
and 17.9%, respectively. Jimenez-Zepeda et al. (2017) also 
suggested that CyBorD regimen was a feasible and tolerated 
regimen for the treatment of transplant-ineligible patients. 
The CyBorD of the study consisted of a 28-day cycle where 
bortezomib was given SC or IV at 1.3–1.5 mg/m2 weekly for 
3–4 weeks, cyclophosphamide 300 mg/m2 PO once weekly 
for 3–4 weeks, and dexamethasone 20–40 mg PO once 
weekly. Thirteen of 42 patients were treated with subcuta-
neous bortezomib. The rate of VGPR or better and CR or 
better after induction and consolidation therapies (median 6 
cycles) was 76.1% and 19%, respectively, which was inferior 
to ours. Based on these results, we suggest that bortezomib 
high-dose strategy (1.6 mg/m2) can apply to young and high-
risk patients as induction regimen before transplantation. 
The modified VCD regimen with 1.3 mg/m2 bortezomib on 
days 1, 6, 11, and 16 by subcutaneous injection seems a 
feasible therapy for patients unfit for transplant.

After a median follow-up of 29 months in group A and 
33.9 months in group B, PFS and OS were not significantly 
different in ITT analysis. As expected, this study showed 
that the rate of CR in high-risk patients (R-ISS III stage) 
after induction therapy was improved by the high-dose 
bortezomib (group A). Unexpectedly, we found that the 
R-ISS III stage patients in group A had inferior PFS to 
those of R-ISS I or II stage, while the patients in group 

Fig. 3   PFS and OS of group A and group B with patients who completed the total nine cycles of treatment without bortezomib dose reductions. 
No significant differences in PFS (P = 0.149) (a) and OS (P = 0.838) (b)
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B with R-ISS III stage had similar PFS to those in group 
B with R-ISS I or II stage. Furthermore, PFS of R-ISS III 
stage between group A and group B were statistically simi-
lar (median 20.0 vs. 29.7 months, P = 0.363). The patients 
with R-ISS III stage in group A had the shortest PFS in all 
subgroups, which might due to having more risk factors 
such as high plasma cell labelling index (PCLI) (Larsen 
et al. 2011), high-risk signature in gene expression profile 
(GEP) (Mitra et al. 2017) or soft-tissue extramedullary 
infiltration (Pour et al. 2014). Unfortunately, the risk fac-
tors were not assessed in this study. Future studies should 
consider using GEP and 18F-fluoro-deoxyglucose positron 
emission tomography-computed tomography (18F-FDG-
PET/CT) to further investigate the prognostic stratification 
of patients with MM (Chng et al. 2016; Zamagni et al. 
2011). In addition, these high-risk patients in group A 
had not undergone stem cell transplantation (ASCT) (Lee 
et al. 2015). This may be another important reason for the 
shorter PFS of the patients with R-ISS III stage in group 
A. Recent studies indicated that maintenance therapy with 
bortezomib represented a safe, well tolerated, and effica-
cious option for patients with high-risk cytogenetics, renal 
insufficiency or another high risk factor (Chakraborty et al. 
2018; Sivaraj et al. 2017). In our study, all patients who 
completed induction and consolidation chemotherapy 
were given cyclophosphamide alone or in combination 
with prednisone as maintenance therapy. We did not select 
different maintenance regimens based on risk stratifica-
tion, such as bortezomib for patients with high risk fac-
tors, which might be one more reason for the short PFS 
of patients with R-ISS III stage in group A. In the current 
study, a total of 27 patients completed the total nine cycles 
of treatment without bortezomib dose reductions includ-
ing 12 patients in group A and 15 patients in group B. 
Therefore, it was worth mentioning that the benefit of high 
bortezomib dose was observed in this study, though there 
was no statistically significant difference in PFS and OS, 
which may be attribute to the limit sample size.

In conclusion, the modified VCD regimen (bortezomib 
1.6 mg/m2 on days 1, 6, 11, and 16, by subcutaneous injec-
tion) as induction regimen was associated with rapid CR 
and higher CR rate, especially for patients < 65 years or with 
R-ISS stage III. Moreover, the regimen had a quick onset, 
but it is not well tolerated as consolidation regimens. This 
high-dose strategy seems feasible for young and high-risk 
patients for induction regimen before stem cell transplant. 
This conclusion needs further verification by phase III clini-
cal trials. On the other hand, the modified VCD regimen 
(bortezomib 1.3 mg/m2 on days 1, 6, 11, and 16, by subcu-
taneous injection) might be considered as an induction and 
consolidation regimen for patients who are unfit or will not 
undergo transplant, which also should be further assessed in 
future randomized trials.
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