
Hematology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/yhem20

Bortezomib-cyclophosphamide-dexamethasone
induction/consolidation and bortezomib
maintenance for transplant-eligible newly
diagnosed multiple myeloma: phase 2 multicenter
trial

Hiroyuki Muranushi, Junya Kanda, Masayuki Kobayashi, Takeshi Maeda,
Toshiyuki Kitano, Masaaki Tsuji, Yasunori Ueda, Takayuki Ishikawa,
Masaharu Nohgawa, Mitsumasa Watanabe, Kazunori Imada, Toshinori
Moriguchi, Mitsuru Itoh, Hitoshi Ohno, Akihito Yonezawa, Hirokazu Hirata,
Nobuyoshi Arima, Kohsuke Asagoe, Naoyuki Anzai, Kayoko Nagata, Shinji
Yasuno, Yoshihiro Kuwabara, Hiromi Kitao, Ihhwa Kim, Kiyomi Kawagishi,
Kenji Ueshima, Shinjiro Tominari, Takeo Nakayama, Kouhei Yamashita &
Akifumi Takaori-Kondo

To cite this article: Hiroyuki Muranushi, Junya Kanda, Masayuki Kobayashi, Takeshi Maeda,
Toshiyuki Kitano, Masaaki Tsuji, Yasunori Ueda, Takayuki Ishikawa, Masaharu Nohgawa,
Mitsumasa Watanabe, Kazunori Imada, Toshinori Moriguchi, Mitsuru Itoh, Hitoshi Ohno, Akihito
Yonezawa, Hirokazu Hirata, Nobuyoshi Arima, Kohsuke Asagoe, Naoyuki Anzai, Kayoko
Nagata, Shinji Yasuno, Yoshihiro Kuwabara, Hiromi Kitao, Ihhwa Kim, Kiyomi Kawagishi, Kenji
Ueshima, Shinjiro Tominari, Takeo Nakayama, Kouhei Yamashita & Akifumi Takaori-Kondo
(2022) Bortezomib-cyclophosphamide-dexamethasone induction/consolidation and bortezomib
maintenance for transplant-eligible newly diagnosed multiple myeloma: phase 2 multicenter trial,
Hematology, 27:1, 239-248, DOI: 10.1080/16078454.2022.2032915

To link to this article:  https://doi.org/10.1080/16078454.2022.2032915

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 13 Feb 2022.

Submit your article to this journal 

https://www.tandfonline.com/loi/yhem20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/16078454.2022.2032915
https://doi.org/10.1080/16078454.2022.2032915
https://www.tandfonline.com/doi/suppl/10.1080/16078454.2022.2032915
https://www.tandfonline.com/doi/suppl/10.1080/16078454.2022.2032915
https://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&show=instructions


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=yhem20

Article views: 2474

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=yhem20
https://www.tandfonline.com/doi/mlt/10.1080/16078454.2022.2032915
https://www.tandfonline.com/doi/mlt/10.1080/16078454.2022.2032915
http://crossmark.crossref.org/dialog/?doi=10.1080/16078454.2022.2032915&domain=pdf&date_stamp=2022-02-13
http://crossmark.crossref.org/dialog/?doi=10.1080/16078454.2022.2032915&domain=pdf&date_stamp=2022-02-13


RESEARCH ARTICLE

Bortezomib-cyclophosphamide-dexamethasone induction/consolidation and
bortezomib maintenance for transplant-eligible newly diagnosed multiple
myeloma: phase 2 multicenter trial
Hiroyuki Muranushia, Junya Kandaa, Masayuki Kobayashia,b, Takeshi Maedac, Toshiyuki Kitanod,
Masaaki Tsujie, Yasunori Uedac, Takayuki Ishikawaf, Masaharu Nohgawag, Mitsumasa Watanabeh,
Kazunori Imadai, Toshinori Moriguchij, Mitsuru Itohk, Hitoshi Ohno l, Akihito Yonezawam, Hirokazu Hiratan,
Nobuyoshi Arimad, Kohsuke Asagoeo, Naoyuki Anzaip, Kayoko Nagataa, Shinji Yasunoq, Yoshihiro Kuwabarar,
Hiromi Kitaos, Ihhwa Kims, Kiyomi Kawagishis, Kenji Ueshimat, Shinjiro Tominariu, Takeo Nakayama u,
Kouhei Yamashitaa and Akifumi Takaori-Kondoa

aDepartment of Hematology and Oncology, Graduate School of Medicine, Kyoto University, Kyoto, Japan; bDepartment of Hematology,
Japan Baptist Hospital, Kyoto, Japan; cDepartment of Haematology/Oncology, Kurashiki Central Hospital, Kurashiki, Japan; dDepartment
of Hematology, Medical Research Institute Kitano Hospital, Osaka, Japan; eDepartment of Hematology and Immunology, Otsu Red Cross
Hospital, Otsu, Japan; fDepartment of Hematology, Kobe City Hospital Organization Kobe City Medical Center General Hospital, Kobe,
Japan; gDepartment of Hematology, Japanese Red Cross Society Wakayama Medical Center, Wakayama, Japan; hDepartment of
Hematology, Hyogo Prefectural Amagasaki General Medical Center, Amagasaki, Japan; iDepartment of Hematology, Japanese Red Cross
Osaka Hospital, Osaka, Japan; jDepartment of Internal Medicine, Kyoto-Katsura Hospital, Kyoto, Japan; kDepartment of Hematology, Kyoto
City Hospital, Kyoto, Japan; lDepartment of Hematology, Tenri Hospital, Tenri, Japan; mDepartment of Hematology, Kokura Memorial
Hospital, Kitakyushu, Japan; nDepartment of Hematology, Kansai Electric Power Hospital, Osaka, Japan; oDepartment of Hematology and
Oncology, Shiga General Hospital, Moriyama, Japan; pDepartment of Hematology and Oncology, Takatsuki Red Cross Hospital, Takatsuki,
Japan; qClinical Research Support Center, The Jikei University School of Medicine, Tokyo, Japan; rCancer Control Center, Osaka
International Cancer Institute, Osaka, Japan; sDepartment of Data Science, Institute for Advancement of Clinical and Translational Science,
Kyoto University Hospital, Kyoto, Japan; tCenter for Accessing Early Promising Treatment, Kyoto University Hospital, Kyoto, Japan;
uDepartment of Health Informatics, Kyoto University School of Public Health, Kyoto, Japan

ABSTRACT
Objectives:: We conducted a phase II trial to prospectively evaluate the efficacy and safety of
bortezomib-cyclophosphamide-dexamethasone (VCD) induction, autologous stem cell
transplantation (ASCT), VCD consolidation, and bortezomib maintenance in transplant-
eligible newly diagnosed multiple myeloma (NDMM) patients in Japan (UMIN000010542).
Methods:: From 2013 to 2016, 42 patients with a median age of 58 (range 42–65) years with
NDMM were enrolled in 15 centers. The primary endpoint was the complete response (CR)
/stringent CR (sCR) rate after transplantation, and overall/progression-free survival rates were
also evaluated.
Results:: Following induction therapy, the overall response rate was obtained in 71% of
patients, including a CR/sCR of 10% and a very good partial response (VGPR) of 26%.
Twenty-six of the 42 patients completed ASCT following the protocol and CR/sCR and VGPR
rate 100 days after ASCT was 26% and 17%, respectively. During consolidation therapy, 3 of
the 24 patients achieved deeper responses. Eight of the 18 patients completed 2-year
bortezomib maintenance without disease progression and grade 3/4 toxicities. Five patients
were VGPR or partial response after ASCT but maintained response with 2-year bortezomib
maintenance. Two-year overall and progression-free survival rates were 92.5% (95%
confidence interval [CI]: 78.5%−97.5%) and 62.6% (95% CI: 45.8%−75.5%), respectively.
Grade 3/4 toxicities (≥ 10%) included neutropenia (19%) and anemia (17%) in induction, and
thrombocytopenia (29%) in consolidation.
Conclusion:: VCD induction/consolidation and bortezomib maintenance with ASCT for NDMM
resulted in a high CR/sCR rate and provided good overall/progression-free survival in Japan.
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Introduction

Multiple myeloma is a neoplasm of plasma cells
characterized by the presence of monoclonal immuno-
globulins in the blood and urine. Autologous stem cell
transplantation (ASCT) after induction chemotherapy
was performed in newly diagnosed multiple

myeloma (NDMM) patients younger than 65 years in
the 1990s, and improved outcomes were observed
[1–3]. A meta-analysis showed significantly better pro-
gression-free survival (PFS) for ASCT [4], which has
become the standard of care in NDMM patients
younger than 65 years. However, overall survival (OS)
after ASCT did not differ from conventional
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chemotherapy [4], and a further improvement in treat-
ment outcomes is desired.

Recently, in Europe and the United States, new
drugs such as thalidomide, lenalidomide, and bortezo-
mib have shown high efficacy and are used for induc-
tion therapy. In 2013, when we planned to start the
present study, thalidomide and lenalidomide were
not approved for NDMM patients in Japan. Bortezo-
mib-cyclophosphamide-dexamethasone (VCD)
therapy was approved for NDMM in Japan at that
time, and this therapy was reported with good
efficacy and low toxicity in the United States and
Europe [5–10]. However, few clinical trials evaluated
induction/consolidation therapies for transplant-eli-
gible NDMM patients in Japan. Multiple induction
therapies were recommended, and it was unclear
which one was appropriate to choose.

Thalidomide and lenalidomide have been used for
maintenance therapy after ASCT in the United States
and Europe [11,12]. However, thalidomide was ineffec-
tive for patients with high-risk chromosomal abnorm-
alities [11], and lenalidomide was associated with
secondary malignancy [12]. Maintenance therapy
with bortezomib was less toxic compared with thalido-
mide [13], and some reports demonstrated that borte-
zomib was effective for patients with high-risk
chromosomal abnormalities [14].

Recently, polymerase chain reaction (PCR) tests for
case-specific immunoglobulin heavy chain (IGH) VDJ
sequences have been used to search for minimal
residual disease (MRD), and the concept of molecular
complete response (mCR) has been proposed [15]. A
low relapse rate has been reported in patients who
have reached mCR after ASCT, pointing out the impor-
tance of reaching mCR [16].

Taking these backgrounds into consideration, we
conducted a phase II trial to prospectively evaluate
the efficacy and safety of VCD induction, ASCT, VCD
consolidation, and bortezomib maintenance therapy.
Additionally, we assessed MRD status using an allele-
specific oligonucleotide real-time quantitative PCR
(RQ-PCR).

Methods

Eligibility

The present study prospectively recruited NDMM
patients who were eligible for ASCT between 2013
and 2016. Patients were aged 20–65 years, had symp-
tomatic secretory MM confirmed by the criteria of the
International Myeloma Working Group (IMWG), had
adequate organ function, had estimated life expect-
ancy of more than 3 months, and showed an Eastern
Cooperative Oncology Group (ECOG) performance
status (PS) of 0–2. As for renal function, the inclusion
criterion was a serum creatinine less than three times

the upper limit of the institutional standard. Key exclu-
sion criteria were non-secretary multiple myeloma,
plasma cell leukemia, human immunodeficiency virus
antibody positive, hepatitis B surface antigen-positive,
hepatitis B virus deoxyribonucleic acid positive, hepa-
titis C virus antibody-positive, known hypersensitivity
to mannitol or boron, pregnant or breast-feeding
women, active malignancy within last 5 years, serious
psychiatric disorders or illness that could potentially
interfere with the completion of treatment according
to the protocol, active infection or serious comorbid
medical condition, interstitial pneumonitis or lung
fibrosis by the clinical findings, the abnormal shadow
of chest computed tomography, and history of
severe hypersensitivity to drugs.

Study design

Patients received 4 cycles of VCD induction therapy
with bortezomib 1.3 mg/m2 and cyclophosphamide
300 mg/m2 on days 1, 8, 15, and 22 and dexametha-
sone 40 mg on days 1–3, 8–10, 15–17, and 22–24 for
the first two cycles and day 1, 8, 15, and 22 for the
last two cycles of four 28-day cycles. A new cycle was
initiated if the neutrophil count was 1000/μL or
more, platelet count was 5 × 106/μL or more, and
non-hematological adverse events were grade 2 or
less. Treatment was discontinued if there was a 3-
week delay in the schedule. Bortezomib-associated
peripheral neuropathy was managed with the estab-
lished dose modifications [17]. Acyclovir was rec-
ommended during bortezomib treatment. Stem cell
harvest was scheduled for patients with PS scores of
0–2 and acceptable organ functions. Patients who
had stable disease (SD) or progressive disease (PD) dis-
continued the protocol. Peripheral blood stem cells
were collected after cyclophosphamide 2 g/m2 for 2
days. The target number of CD34-positive cells in per-
ipheral blood stem cell harvest (PBSCH) was 1.0×106

cells/kg or more. After PBSCH, the patients received
ASCT with the conditioning of melphalan 200 mg/m2.
One hundred days after ASCT, patients with PS
scores of 0–2, acceptable organ functions, and
without the stable disease (SD) or progressive
disease (PD) proceeded to consolidation therapy.
Patients received consolidation treatment with 3
cycles of VCD identical to the last 2 cycles of the induc-
tion therapy. After consolidation, patients with PS
scores of 0–2, acceptable organ functions, and
without the stable disease (SD) or progressive
disease (PD) proceeded to maintenance therapy with
bortezomib 1.3 mg/m2 every 2 weeks for 24 months.
Responses were assessed according to IMWG criteria.
Briefly, complete response (CR) was defined as nega-
tive immunofixation, very good partial response
(VGPR) was defined as M-component detectable by
immunofixation-negative but not on electrophoresis
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or greater than 90% reduction of M-protein, and partial
response (PR) was defined as a reduction of M-protein
ranging between 50 and 90%. Adverse events were
reported according to Common Terminology Criteria
for Adverse Events (CTCAE) ver. 4.0.

Based on the previous reports [5,7], the expected
response rate and the threshold response rate for the
present study were set at 30% and 15%, respectively.
Assuming a one-tailed test with a significance level
of 0.05 and a power of at least 80%, the required
number of eligible cases based on the binomial distri-
bution was 43. Dropout after enrollment was esti-
mated at 10%, and the target number of enrolled
cases was set at 48.

Evaluation of minimal residual disease

MRD was assessed using an allele-specific oligonucleo-
tide RQ-PCR. Bone marrow specimens at the time of
diagnosis are used for the primer settings. For the
primer settings, first, cancer-specific IGH was
amplified by PCR using the synthesized cDNA as a tem-
plate. Next, the sequence of the IGH was determined.
The reverse primer was set to span the V-D-J junction
based on the results of detailed sequence analysis by
IgBLAST [18]. Finally, a forward primer for the reverse
primer was designed at the Primer3 website [19] and
an appropriate one was selected. The probe method
described in the Euro-MRD guidelines [20] was used
for RQ-PCR. For the quantification of the genomic
copy number, the Ribonuclease P RNA Component
H1 gene was used, and the plasmid DNA cloned
from the gene was used for calibration curve prep-
aration. The copy number of the plasmid DNA used
ranged from 1.0 × 102 to –1.0 × 106 copies. The
results of quantification, qPCR melting curve, and
nested-PCR were used to determine the positivity or
negativity of MRD.

Definition of endpoints

OS was defined as the duration from registration to
death, and the patients who remained alive at the
final follow-up were censored. PFS was defined as
the duration from registration to death or pro-
gression/relapse, and the patients who remained
alive without progression/relapse at the final
follow-up were censored. Relapse included clinical
relapse and paraprotein relapse. Time to next treat-
ment (TTNT) was defined as the duration from regis-
tration to death or starting the next treatment, and
the patients who remained alive without starting
the next treatment at the final follow-up were
censored.

The primary endpoint was CR/sCR rate 100 days
after ASCT because this rate was reported to be associ-
ated with OS prolongation after ASCT [21]. The

secondary endpoints included response rates after
induction therapy, PBSCH, ASCT, consolidation
therapy, maintenance therapy. OS, PFS, TTNT, and inci-
dence of adverse events were also included in the sec-
ondary endpoints.

Statistical analysis

Descriptive statistics were used to summarize variables
related to the demographics and clinical characteristics
of the patients. Groups were compared using Fisher’s
exact test as appropriate for categorical variables.
The probabilities of OS, PFS, and TTNT were estimated
according to the Kaplan–Meier method, and univari-
able comparisons among the groups were performed
using the log-rank test. Results were expressed as
hazard ratios (HR) and their 95% confidence intervals
(CI). All tests were two-sided, and a p-value of less
than 0.05 was considered to indicate statistical signifi-
cance. All statistical analyses were performed using
Stata (ver. 13.0, Stata corporation) and EZR, a graphical
user interface for R (The R Foundation for Statistical
Computing, version 2.3.0) [22].

Ethics approval

All patients gave their written informed consents. All
methods were performed following the Declaration
of Helsinki. The present study was approved by the
institutional ethic committee of the Graduate School
of Medicine, Kyoto University, and registered in the
University hospital Medical Information Network Clini-
cal Trials Registry (UMIN000010542).

Results

Patients’ characteristics

From August 2013 to May 2016, 42 patients with a
median age of 58 (range 42–65) years with NDMM
were found eligible and enrolled in 15 centers in
Japan. Eleven patients had moderate renal impair-
ment, with estimated glomerular filtration rate (eGFR)
lower than 60 (26%). The International Staging
System (ISS) values were I in 17 (40%), II in 20 (48%),
and III in 5 patients (12%). Adverse cytogenetics of
del(17p), t(4;14), and t(14;16) in FISH were observed
in 20%, 18%, and 3% of the evaluable patients, respect-
ively. Twenty-three percent of the patients had high-
risk chromosomal abnormalities (CA) (del(17p) and/or
t(4;14) and/or t(14;16)), 62% had standard-risk CA,
and 14% had no data on CA. Details of characteristics
are listed in Table 1. The scheme of the protocol and
the number of patients who received induction, stem
cell harvest, ASCT, consolidation, and maintenance
are shown in Figure 1.
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Induction therapy

Following 4 induction cycles of VCD, the number of the
patients who achieved stringent CR (sCR), CR, VGPR,

and PR were 2, 2, 11, and 15, respectively. Four patients
were evaluated to be SD after the induction therapy
and did not proceed to PBSCH. After the induction
therapy, MRD was evaluable in 11 patients, of which
one was negative. Four patients discontinued the pro-
tocol during the induction therapy because of grade 4
interstitial pneumonia (n = 2), prolonged grade 3 drug
eruption (n = 1), and grade 1 delirium (n = 1). Four
patients discontinued the protocol due to doctor jud-
gement (repetitive infection, n = 1; grade 3 alanine
aminotransferase elevation, n = 1; requests from
doctors for reasons other than adverse events, n = 2).
Four patients did not proceed to PBSCH due to
requests from patients for reasons other than
adverse events (n = 2) and deviations from the proto-
col (n = 2). Among the 11 patients who had moderate
renal impairment before induction, the number of the
patients who achieved sCR, CR, VGPR and PR after
induction were 0, 0, 4 and 3, respectively. The eGFR
of these 11 patients improved or remained unchanged
during the induction.

Stem cell harvest and autologous
transplantation

Twenty-six patients proceeded to PBSCH. Enough
CD34-positive cells were collected from all patients,
and the number of days required for apheresis ranged
from 1 to 3 days. The median number of CD34-positive
cells collected was 4.7 × 106 cells/kg (range: 1.6–15.9).
No patients required additional apheresis.

Twenty-six patients completed ASCT. The median
number of CD34-positive cells infused was 2.5 ×
106 cells/kg (range: 1.5–8.9). Engraftment was observed
in all patients. One hundred days after ASCT, the
number of patients who achieved sCR, CR, VGPR, and
PRwere 6, 5, 7, and 7, respectively. Onepatientwas eval-
uated to be PD after ASCT and discontinued the proto-
col. CR/sCR rate 100 days after ASCT of all patients was
26%. There was no significant difference in CR/sCR
rate between the patients with high-risk CA and stan-
dard-risk CA (40% vs 23%, p = 0.41). On the other
hand, the CR/sCR rate of the patients with ISS I or II
was significantly higher than that of the patients with
ISS III (30% vs 0%, p = 0.005). Among the 6 patients
who had moderate renal impairment before induction
and received ASCT, the number of the patients who
achieved sCR, CR, VGPR and PR after ASCT were 1, 1, 3
and 1, respectively. After ASCT, MRD was evaluable in
10 patients, of which three were negative. One patient
discontinued the protocol after ASCT due to the
doctor’s judgement (pre-existing spinal canal stenosis).

Consolidation and maintenance therapy

Twenty-four patients proceeded to consolidation
therapy. During the consolidation therapy, 3 patients

Figure 1. Scheme of the protocol. NDMM: newly diagnosed
multiple myeloma, BM: bone marrow, VCD: bortezomib-cyclo-
phosphamide-dexamethasone, s.c.: subcutaneous, p.o.: per os,
SD: stable disease, G-CSF: granulocyte colony-stimulating
factor, ASCT: autologous stem cell transplantation.

Table 1. Characteristics of the patients.
Variable Number %

Age, median (range) 58 (42–65)
Sex Male 25 60

Female 17 40
PS 0 16 38

1 18 43
2 1 2
3 7 17

WBC (/μL), median (range) 5450 (2120–13160)
HB (g/dL), median (range) 10.6 (4.5–15.4)
PLT (×104/μL), median (range) 20.0 (7.8–47.3)
Cre (mg/dL), median (range) 0.83 (0.31–2.47)
Ca (mg/dL), median (range) 9.3 (7.1–13.1)
Alb (g/dL), median (range) 3.5 (1.6–5.2)
β2MG (mg/L), median (range) 2.92 (1.61–7.60)
M protein IgG 26 62

IgA 9 21
BJP 7 17

FLC Kappa 21 50
Lambda 21 50

D&S I 5 12
II 7 17
III 30 71

ISS I 17 40
II 20 48
III 5 12

FISH
del(13q) Positive 4 10

Negative 37 88
No data 1 2

t(4;14) Positive 6 14
Negative 28 67
No data 8 19

del(17p) Positive 7 17
Negative 28 67
No data 7 17

t(14;16) Positive 1 2
Negative 32 76
No data 9 21

PS: Performance Status, WBC: white blood cell, HB: hemoglobin, PLT:
platelet, Cre: serum creatinine, Ca: serum calcium, Alb: serum albumin,
β2MG: serum beta 2 microglobulin, BJP: Bence Jones protein, FLC:
Free light chain, D&S: Durie and Salmon, ISS: International Staging
System, FISH: fluorescence in situ hybridization.
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achieved a deeper response than before. The number
of patients who achieved sCR, CR, VGPR, and PR after
completing the consolidation was 4, 4, 7, and 4,
respectively. After the consolidation therapy, MRD
was evaluable in 9 patients, of which three were nega-
tive. Five patients discontinued the protocol during the
consolidation due to repetitive grade 3 thrombocyto-
penia (n = 3), doctor’s judgement (prolonged grade 3
hematuria caused by BK virus, n = 1), and a request
from a patient for a reason other than adverse events
(n = 1). One patient did not proceed to the mainten-
ance therapy due to grade 3 thrombocytopenia.

Eighteen patients received maintenance therapy.
During the maintenance therapy, 4 patients achieved
a deeper response than before. The number of patients
who achieved sCR, CR, VGPR, and PR after completing
the 2-year maintenance therapy was 4, 0, 2, and 2,
respectively. Five patients were VGPR or PR after
ASCT but completed maintenance therapy without
progression. Seven patients were evaluated to be PD
and discontinued the protocol during the mainten-
ance therapy. After the maintenance therapy, MRD
was evaluable in 3 patients, of which one was negative.
Three patients discontinued the protocol during the
maintenance because of grade 4 stroke (n = 1),
doctor’s judgement (grade 2 gastrointestinal pain, n
= 1), and a request from a patient for a reason other
than adverse events (n = 1). The summary of grade 3/
4 adverse events was shown in Table 2.

Maximum response

The number of patients whose maximum response
after ASCT was sCR, CR, VGPR, and PR was 11, 4, 6,
and 5, respectively. The maximum response of the 16
patients was SD, PD, or withdrawal. Changes in the
responses were shown in Figure 2.

Survival and time to next treatment

The median duration of observational follow-up
among survivors was 5.0 years (range: 0.0–7.1).
Median overall survival was not reached during the
observation period (Figure 3A). Median of PFS and
TTNT were 2.68 (95% CI: 1.88–4.13) and 1.71 (95% CI:
0.68–1.99), respectively (Figure 3B,C). Two-year OS,
PFS and TTNT were 92.5% (95% CI: 78.5%−97.5%),
62.6% (95% CI: 45.8%−75.5%) and 35.4% (95% CI:
21.1–50.0%), respectively. Five-year OS, PFS and TTNT
were 76.0% (95% CI: 58.6–86.9%), 31.0% (95% CI:
17.2–45.8%) and 12.8% (95% CI: 4.7–25.2%), respect-
ively (Figure 3A–C).

Firstly, we compared the OS and PFS of the patients
who had high-risk CA with those who had standard risk
CA. Patients with no data on CA were excluded. Five-
year OS of the patients with high-risk CA and stan-
dard-risk CA was 58.3% (95% CI: 23.0–82.1) and
81.7% (95% CI: 57.9–92.8), respectively (p = 0.12,
Figure 4A). Five-year PFS of the patients with high-
risk CA and standard-risk CA was 15.0% (95% CI: 1.0–
45.7) and 36.3% (95% CI: 17.7–55.2), respectively (p =
0.43, Figure 4B).

Secondly, we compared the OS and PFS of the
patients with ISS I/II with those with ISS III. Five-year
OS of the patients with ISS I/II and ISS III was 78.2%
(95% CI: 59.3–89.1) and 60.0% (95% CI: 12.6–88.2),
respectively (p = 0.20, Figure 4C). Five-year PFS of the
patients with ISS I/II and ISS III was 32.7% (95% CI:
17.7–48.5) and 20.0% (95% CI: 0.8–58.2), respectively
(p = 0.35, Figure 4D).

Thirdly, we compared the OS and PFS of the
patients who achieved CR/sCR after ASCT (CR group)
and those who did not (non-CR group). Five-year OS
of CR group and non-CR group was 80.8% (95% CI:
42.3–94.9) and 90.0% (95% CI: 47.3–98.5%),

Table 2. Grade 3/4 adverse events.

Induction (n = 42) PBSCH (n = 26) ASCT (n = 26)
Consolidation (n =

24)
Maintenance (n =

18)

Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4

Leukocytopenia 2
Neutropenia 6 2 4 4 1
Anemia 7 1 6 1
Thrombocytopenia 2 2 2 3 4 7 1
Febrile neutropenia 10 17
Anorexia 2
Nausea 1 6
Vomiting 1
Diarrhea 4
Fatigue 1
Lung infection 1
Pneumonitis 2
Rash maculopapular 1 1
Pharyngitis 1
Lymph gland infection 1
Hematuria 1
Stroke 1
AST elevation 1
ALT elevation 2
Hyponatremia 1

PBSCH: peripheral blood stem cell harvest, ASCT: autologous stem cell transplantation, AST: aspartate aminotransferase, ALT: alanine aminotransferase.
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respectively (p = 0.33, Figure 4E). Five-year PFS of CR
group and non-CR group was 43.6% (95% CI: 14.7–
69.9) and 26.7% (95% CI: 8.3–49.6), respectively (p =
0.39, Figure 4F).

Lastly, we compared the OS and PFS of the patients
who showed MRD negativity after ASCT (MRD Nega-
tive group) and those who did not (MRD Positive
group). There was no significant difference in OS and
PFS of the two groups (Supplemental Figure 1A,B).

Discussion

In the present study, we investigated the efficacy and
safety of VCD induction/consolidation and bortezomib
maintenance therapy for transplant-eligible NDMM
patients.

The present study is the first prospective study
including bortezomib subcutaneous therapy in Japan
because it was approved in December 2012. According
to the previous reports, CR/sCR rate and ≥VGPR rate

Figure 2. Changes in the responses after the treatments. Responses after induction, ASCT and consolidation, and maximum
responses after transplantation. sCR: stringent complete response, CR: complete response, VGPR: very good partial response,
PR: partial response, SD: stable disease, PD: progressive disease, ASCT: autologous stem cell transplantation.

Figure 3. Survival and time to next treatment. (A) Overall survival, (B) Progression-free survival, and (C) Time to next treatment of
all patients.
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after VCD induction ranged from 3% to 12% and 13%
to 61% (Table 3) [5–10,23]. In the present study, CR/sCR
rate and ≥VGPR rate after VCD induction were 10%
and 36%, respectively. These results seemed equival-
ent to the previous studies. During the VCD induction
therapy, no patients experienced peripheral neuropa-
thy severer than grade 1, indicating that weekly subcu-
taneous bortezomib was feasible for Japanese
patients. On the other hand, 5% of the patients devel-
oped grade 4 interstitial pneumonia, which may be an
adverse event that we should be aware of in Japan. The

incidences of the other toxicities were equivalent to
the previous studies [5,7–10,23].

There were no prospective head-to-head studies
comparing VCD induction with bortezomib-lenalido-
mide-dexamethasone (VRD) induction. Cost of novel
drugs for myeloma is now an important issue, and
cyclophosphamide is cheaper than lenalidomide.
Moreover, cyclophosphamide can be used for patients
with moderate renal failure without dose reduction,
while it is difficult to use full dose lenalidomide for
them. Prospective studies are needed to determine

Figure 4. Comparison of survivals by chromosomal abnormalities and response after transplantation. (A) Overall survival and (B)
Progression-free survival of the patients with or without high-risk chromosomal abnormalities. (C) Overall survival and (D) Pro-
gression-free survival of the patients whose stages in international staging systems were I/II or III. (E) Overall survival and (F) Pro-
gression-free survival of the patients who achieved complete response after transplantation or not.

Table 3. Previously reported VCD induction trials.

Study
Phase

Patients
(n) Dose and schedule

Interval
(days) Cycles Response after induction (%)

Bor mg/m2 CPA mg/m2 Dexa mg ≥CR ≥nCR ≥VGPR ≥PR

Reeder et al. [5,6] 33 1.3 i.v. 300 p.o. 40 p.o. 28 4 39 61 88
(d1, 4, 8, 11) (d1, 8, 15, 22) (d1–4, 9–12, 17–20)

30 1.5 i.v. 300 p.o. 40 p.o. 28 4 43 60 93
(d1, 8, 15, 22) (d1, 8, 15, 22) (d1–4, 9–12, 17–20) *

Kumar et al. [7] 2 33 1.3 i.v. 500 p.o. 40 p.o. 21 4 3 3 13 63
(d1, 4, 8, 11) (d1, 8) (d1, 8, 15)

17 1.3 i.v. 500 p.o. 40 p.o. 21 4 12 24 41 82
(d1, 4, 8, 11) (d1, 8, 15) (d1, 8, 15)

Einsele et al. [8] 2 414 1.3 i.v. 900 i.v. 40 p.o. 21 3 7.4 85.4
(d1, 4, 8, 11) (d1) (d1, 2, 4, 5, 8, 9, 11, 12)

Mai et al. [9] 3 251 1.3 i.v. 900 i.v. 40 p.o. 21 3 8.4 22.3 37 78.1
(d1, 4, 8, 11) (d1) (d1, 2, 4, 5, 8, 9, 11, 12)

Moureau et al. [10] 3 169 1.3 s.c. 500 p.o. 40 p.o. 21 4 8.9 56.2 83
(d1, 4, 8, 11) (d1, 8, 15) (d1–4, 9–12)

Sunami et al. [23] 2 64 1.3 i.v. 500 p.o. 40 p.o. 35 ** 3 20 39 80
(d1, 8, 15, 22) ** (d1, 8, 15) ** (d1, 8, 15, 22) **

Bor: bortezomib, CPA: cyclophosphamide, Dexa: dexamethasone, CR: complete response, nCR: near complete response, VGPR: very good partial response,
PR: partial response, i.v.: intravenous, p.o.: per os, s.c.: subcutaneous, d: days, * In the 3rd/4th cycle, dexamethasone was reduced to day 1, 8, 15 and 22.
** In the first 3 weeks, bortezomib 1.3 mg/m2 on days 1, 4, 8, and 11, cyclophosphamide 500 mg/m2 on days 1 and 8, dexamethasone 40 mg on days 1,
4, 8, and 11 were given.
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whether VCD or VRD is better for induction therapy on
the aspects of efficacy, toxicity, and cost-effectiveness.

In the present study, 4 g/m2 cyclophosphamide was
administered, and no patients withdrew from the
study due to adverse events or poor mobilization. Pler-
ixafor plus granulocyte colony-stimulating factor is
now one of the standard strategies for stem cell
harvest [24], but high-dose cyclophosphamide should
be retained because it is inexpensive and can
deepen the response of myeloma. In the present
study, CR/sCR rate improved from 10% to 26% after
ASCT, and toxicity in ASCT was equivalent to the pre-
vious study in Japan [25]. This result suggests that
ASCT is recommended even in the era of bortezo-
mib-based induction therapy.

During the VCD consolidation therapy, 13% of the
patients achieved a deeper response than before but
21% of the patients discontinued the protocol, and
29% of the patients had grade 3 thrombocytopenia.
In the report of VTD consolidation therapy in Japan,
a 13% increase in CR/sCR rate was observed after con-
solidation compared to before consolidation, and 4 of
the 47 patients dropped out during the consolidation
[23]. From these results, the efficacy of the VCD conso-
lidation in the present study seemed equivalent but
toxicity seemed worse compared with VTD consolida-
tion. Agents that are less likely to cause thrombocyto-
penia, such as anti-CD38 antibodies, may be more
suitable for consolidation therapy after ASCT.

There are few studies evaluating the benefit of
maintenance therapy with bortezomib [26]. The
present study was the first study that evaluated the
efficacy and toxicity of bortezomib maintenance after
ASCT in Japan. Twenty-two percent of the patients
achieved deeper responses than before and 44% of
the patients completed 2-year maintenance without
progression and grade 3/4 toxicities. Five patients
were VGPR or PR after ASCT but completed mainten-
ance therapy, suggesting the efficacy of maintenance
therapy with bortezomib for high-risk patients. No
neuropathy and interstitial pneumonia were observed
during the maintenance therapy, indicating that
administration of 1.3 mg/m2 bortezomib every 2
weeks could be continued without much concern
about accumulated non-hematological toxicities. It
was demonstrated that lenalidomide maintenance
improved OS and PFS after ASCT [27], but some
reports showed that lenalidomide maintenance was
not effective for patients with ISS III or high cytoge-
netic risk [27,28]. A recent report demonstrated that
ixazomib maintenance therapy after ASCT improved
PFS, and prolonged PFS was observed in patients
with high cytogenetic risk [29]. The present study
showed some benefit of bortezomib maintenance,
which should be further explored.

OS and PFS of the present study were almost equiv-
alent to previous studies for transplant-eligible NDMM

patients in Japan [23,25,30]. The protocol of the
present study was free from immunomodulatory
drugs (IMiDs). Although the data of regimens and
efficacies of the salvage therapies were not collected,
it was speculated that many relapsed patients
achieved deep response with salvage therapies includ-
ing IMiDs.

It was suggested that bortezomib-based regimens
might improve treatment outcomes in patients with
t(4;14) [31]. In the present study, the outcomes of
the patients with high-risk cytogenetics, such as t
(4;14), t(14;16), or del(17p) were not significantly
inferior to those of the standard-risk patients. This
result indicates that maintenance therapy with borte-
zomib may be beneficial for high-risk patients. A com-
bination of proteasome inhibitors and anti-CD38
antibodies should be considered to improve efficacy
[32,33].

Before the initiation of the induction therapy, MRD
by PCR method was measurable in 21 cases. Because
of the high number of withdrawals from the protocol,
only 11 patients could be evaluated MRD after the
induction therapy. Three of the 10 patients were
MRD negative after ASCT, and the number was not
enough to evaluate the efficacy of MRD negativity.
One case was evaluated to be PR despite MRD nega-
tivity, and the early relapse was observed in this case.
This result suggested that the clone different from
the pre-treatment examination may have appeared
and exacerbated the disease. In the present study,
the value of MRD measurement by the PCR method
could not be fully found. In the next study in our
group, MRD measurement by multicolor flow cytome-
try and next-generation sequencing is being con-
ducted (jRCTs051200043).

The present study has several limitations. First, the
present study was planned in 2013. Two years after
starting the study, the VRD induction regimen was
approved for transplant-eligible patients and it has
been one of the standard induction therapies in
Japan [34]. Some doctors and patients requested con-
version to VRD induction and discontinued the proto-
col during VCD induction. In an era when new drugs
appear one after another, it is difficult to conduct pro-
spective trials within insurance coverage. Second, the
present study was designed to primarily evaluate the
CR/sCR rate after ASCT. A larger prospective study
will be required to clarify the benefit of VCD consolida-
tion and bortezomib maintenance.

In conclusion, VCD induction/consolidation therapy
with ASCT for NDMM resulted in a high CR/sCR rate in
a Japanese population and was feasible for patients
with moderate renal impairment. Bortezomib main-
tenance was beneficial even if patients were VGPR
or PR after ASCT. Further prospective studies are
needed to determine the optimal treatment for
NDMM in Japan.
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