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France; 7Centre Hospitalo-universitaire (CHU) Haut L�evêque, Bordeaux, France; 8Hospices Civils de Lyon, Pierre B�enite, France; 9Centre Hospitalo-universitaire
(CHU), Vandoeuvre Les Nancy, France; 10Centre Hospitalo-universitaire (CHU) Hôtel Dieu, Nantes, France; 11Centre Hospitalo-universitaire (CHU), Dijon,
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KEY PO INTS

� The Bor-HDM (200 mg/
m2) conditioning regi-
men is not superior to
HDM alone in de novo
multiple myeloma.

� HDM (200 mg/m2)
remains the standard-
of-care conditioning for
transplantation in
multiple myeloma.

High-dose melphalan (HDM) and transplantation are recommended for eligible patients
with multiple myeloma. No other conditioning regimen has proven to be more effective
and/or safer. We previously reported in a phase 2 study that bortezomib can safely and
effectively be combined with HDM (Bor-HDM), with a 32% complete response (CR) rate
after transplantation. These data supported a randomized phase 3 trial. Randomization
was stratified according to risk and response to induction: 300 patients were enrolled,
and 154 were allocated to the experimental arm (ie, arm A) with bortezomib (1 mg/m2

intravenously [IV]) on days 26, –3, 11, and 14 and melphalan (200 mg/m2 IV) on day –2.
The control arm (ie, arm B) consisted of HDM alone (200 mg/m2 IV). There were no differ-
ences in stringent CR 1 CR rates at day 60 posttransplant (primary end point): 22.1% in
arm A vs 20.5% in arm B (P 5 .844). There were also no differences in undetectable mini-
mum residual disease rates: 41.3% vs 39.4% (P 5 .864). Median progression-free survival

was 34.0 months for arm A vs 29.6 months for arm B (adjusted HR, 0.82; 95% CI, 0.61-1.13; P 5 .244). The estimated
3-year overall survival was 89.5% in both arms (hazard ratio, 1.28; 95% CI, 0.62-2.64; P 5 .374). Sixty-nine serious
adverse events occurred in 18.7% of Bor-HDM–treated patients (vs 13.1% in HDM-treated patients). The proportion
of grade 3/4 AEs was similar within the 2 groups (72.0% vs 73.1%), mainly (as expected) blood and gastrointestinal
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disorders; 4% of patients reported grade 3/4 or painful peripheral neuropathy in arm A (vs 1.5% in arm B). In this
randomized phase 3 study, a conditioning regimen with Bor-HDM did not improve efficacy end points or outcomes
compared with HDM alone. The original trial was registered at www.clinicaltrials.gov as #NCT02197221.

Introduction
High-dose therapy (HDT) followed by autologous stem cell
transplantation (ASCT) remains a gold standard for patients
newly diagnosed with multiple myeloma (MM) eligible to
undergo the procedure. For .25 years, clinical trials have
reported the superiority of HDT over conventional chemother-
apy in terms of response rate, progression-free survival (PFS),1-4

and/or overall survival (OS).5-7 The outcome after transplantation
is related to the quality of response, and achieving at least a
complete response (CR) is a major prognostic factor for long-
term survival.8-12 Proteasome inhibitors and/or IMiDs (Bristol
Myers Squibb) have considerably improved response rates, and
20% to 40% of patients can achieve CR with triplet induction
regimen (excluding monoclonal antibodies) followed by trans-
plantation.13-20 HDM (200 mg/m2) is the most commonly used
conditioning regimen before transplantation. Alternatives to
HDM have been explored, but although more intense condition-
ing regimens could result in higher CR rates, combinations with
HDM frequently induced additional hematologic and non-hema-
tologic toxicities and generally failed to increase survival.21-25

Bortezomib is a potent, selective, and reversible proteasome
inhibitor.26 Synergistic apoptotic effects have been reported
both in vitro27 and in vivo28,29 with melphalan. The combination
of bortezomib and HDM (Bor-HDM) was an attractive approach
to improve the efficacy of the conditioning regimen. This associa-
tion was expected to be safe, with no overlapping toxicities. The
Intergroupe Francophone du My�elome (IFM) previously reported
a phase 2 trial of this Bor-HDM conditioning regimen.30 This pre-
parative regimen was well tolerated, with no treatment-related
mortality or increased toxicity. Engraftment was not affected by
the addition of bortezomib. Overall, 70% of patients achieved
very good partial response (VGPR) or better, with at least 32% of

patients in CR after a single transplant, regardless of the type of
induction therapy used at that time (vincristine-adriamycin-
dexamethasone or bortezomib-dexamethasone). These data sup-
ported a phase 3 study, and the current prospective randomized
trial was designed to compare the rate of CR or better at day 60
posttransplantation, before consolidation, and to assess whether
the Bor-HDM conditioning regimen could effectively be superior
to HDM alone in current transplant programs with triplet induc-
tion and consolidation therapies.

Methods
Eligibility criteria
Patients aged ,66 years with symptomatic newly diagnosed MM
could be included if they were eligible for transplantation and they
had nonprogressive disease after induction therapy. Key non-
inclusion criteria comprised: creatinine clearance #40 mL/min at
time of transplant; serum total bilirubin level $1.5 3 the upper
limit of the normal range and serum aspartate/alanine aminotrans-
ferase levels $3.5 3 the upper limit of the normal range; a left
ventricular ejection fraction #40% and a pulmonary diffusing
capacity #50% of predicted; a grade 3 or worse peripheral neu-
ropathy (PNY) or grade 2 with pain; a significant comorbid disease
(HIV infection, active hepatitis B virus or hepatitis C virus infection,
clinically significant cardiac disease, uncontrolled hypertension, or
diabetes); and a history of any other malignant disease. The institu-
tional ethics committees approved the study, and all patients
gave written informed consent before entering the study.

Study design
This multicenter, randomized, open-label, phase 3 study was
designed in 2012 to compare the efficacy and safety of bortezo-
mib in combination with HDM (Bor-HDM) vs HDM alone as a
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Figure 1. Bor-HDM conditioning regimen schema. d, day; FU, follow-up; max, maximum; IV, intravenously; SC, subcutaneously.
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transplant conditioning regimen in patients newly diagnosed with
MM. In experimental arm A, bortezomib at 1 mg/m2 was adminis-
tered intravenously on days 26, –3, 11, and 14. HDM at 200
mg/m2 was administered intravenously over 30 minutes on day
22. Arm B consisted of HDM alone on day 22. Peripheral blood
stem cells (minimum $2 3 106 CD341 cells/kg) were infused on
day 0. The Bor-HDM treatment schema is shown in Figure 1. Ran-
domization was stratified according to International Staging Sys-
tem31 (I-II vs III), fluorescence in situ hybridization (FISH) analysis
(standard vs high risk [del(17p) or t(4;14)] vs non-informative FISH)
and response after induction (VGPR or better vs partial response/
stable disease). All patients received standard supportive-care
measures, including growth factor support, blood transfusions,
and prophylactic or therapeutic antibiotics, according to local
guidelines. Patients were discharged home after neutrophil
(absolute neutrophil count $0.5 3 109/L for 3 consecutive days)
and platelet ($203 109/L without transfusion) recovery.

The choice of a bortezomib-based induction regimen was at the
discretion of the investigator, with the following options: bortezo-
mib, thalidomide, and dexamethasone (VTd); bortezomib, cyclo-
phosphamide, and low-dose dexamethasone (CyBorD); or
bortezomib, lenalidomide, and low-dose dexamethasone (RVd).
Patients with non-progressive disease received two 28-day cycles
of VTd as consolidation at day 60 posttransplant (subcutaneous
bortezomib at 1 mg/m2 on days 1, 4, 8, and 11; oral thalidomide
100 mg/d continuously; and oral dexamethasone 40 mg weekly).
No maintenance therapy was planned, as this was not authorized
in France at that time. All patients were evaluated at day 60
post-ASCT, at the completion of 2 cycles of consolidation, and
every 3 months until disease progression or end of trial.

Criteria for evaluation
The primary end point of the trial was achievement of stringent
CR (sCR) or CR at day 60 post-ASCT based on investigator
response assessment. Non-evaluable patients were considered
as failure in achieving CR. The secondary end points were safety
profile of the combination regimen, response at each time points,
best response from randomization and overall response rates,
PFS, and OS. Initial diagnostic and staging evaluations, initial
therapies, and disease status at enrollment were documented for
all patients. Myeloma testing included screening for chromo-
somal abnormalities by FISH analysis, serum b2-microglobulin
and albumin levels, serum and urine electrophoresis plus immu-
nofixation, and imaging studies. Toxicities were graded accord-
ing to National Cancer Institute Common Toxicity Criteria of
Adverse Events (version 4.03). Myeloma response and relapse
definitions were based on the revised International Myeloma
Working Group consensus criteria for response.32 Minimal resid-
ual disease (MRD) was assessed in bone marrow samples by mul-
tiparametric flow cytometry (MFC) at a sensitivity of at least 2 3

1025 in patients in CR or VGPR; patients who failed to achieve at
least VGPR were considered as MRD positive. All patients were
followed up until disease progression, death, or the reference
date (31 December 2018).

Statistical considerations
The sample size was determined assuming 40% CR or better in
the HDM alone arm, and 60% in the Bor-HDM arm at day 60
posttransplant. Three hundred patients (150 per arm) were
needed for reaching at least 90% statistical power, with a two-

sided type I error level of 0.05, based on a normal-approximate
z test, assuming that �7% of randomized patients may not be
evaluable for CR at day 60. For efficacy end points, all analyses
were performed on the intention-to-treat principle. A stratified
Cochran-Mantel-Haenszel test was used to compare differences
in response rates. Treatment effect size was provided by using

Table 1. Baseline demographic and disease-related
patient characteristics

Characteristic
Bor-HDM
(n 5 154)

HDM
(n 5 146)

Sex, Male/Female, n 99/55 83/63

Age, median
(Q1-Q3), y

58 (52-63) 58 (52-62)

Isotype, n (%)

IgG 93 (60.4) 98 (67.1)

IgA 38 (24.7) 31 (21.2)

Light chain/others 21/2 (13.6/1.3) 16/1 (11.0/0.7)

ISS stage, n (%)

I, II 89/43 (85.7) 80/45 (85.6)

III 22 (14.3) 21 (14.4)

b2-Microglobulin, median
(Q1-Q3), mg/L

2.82 (2.15-4.30) 3.00 (2.32-4.10)

Albumin, median
(Q1-Q3), g/L

40.9 (36.7-44.3) 40.7 (36.8-44.1)

“CRAB” criterion, n
(%)

Calcium elevation 8 (5.2) 8 (5.5)

Renal insufficiency 2 (1.3) 6 (4.1)

Anemia 45 (29.2) 44 (30.1)

Bone lesions 129 (83.8) 134 (91.8)

Cytogenetic risk,
n/N (%)

Standard risk 109/151 (72.2) 106/144 (73.6)

High risk [del(17p)
and/or t(4;14)]

25/151 (16.6) 22/144 (15.3)

Non-informative 17/151 (11.3) 16/144 (11.1)

del(17p) 7/133 (5.3) 10/128 (7.8)

t(4;14) 18/136 (13.2) 13/129 (10.1)

Frontline treatments,
n (%)

VTd 137 (89.0) 125 (85.6)

VCD/CyBorD 16 (10) 18 (12.3)

Response after
induction, n (%)

At least very good
partial response

90 (58.4) 83 (56.8)

Partial response or
stable disease

64 (41.6) 63 (43.2)

ISS, International Staging System; Ig, immunoglobulin; VCD/CyBorD, bortezomib,
cyclophosphamide and dexamethasone.
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adjusted hazard ratios (HRs) on stratification factors along with
95% confidence intervals (95% CIs). To explore homogeneity of
treatment effects, subgroup analyses were conducted on pre-
specified baseline variables, and interactions between arm and
covariate were tested. Fisher’s exact test or exact Pearson x2

tests were used to compare response rates. PFS was defined as
the time from randomization until either the first documentation
of progressive disease or death from any cause. OS was defined
as the time from randomization until death. Follow-up was
estimated by using the reverse Kaplan-Meier method. Time-to-
event end points were analyzed by using the Kaplan-Meier
method, with a two-sided stratified log-rank test to compare the
treatment arms. Toxicities and adverse events (AEs) were ana-
lyzed in the treated population (ie, patients who received at
least 1 dose of the conditioning treatment). Comparisons were
two-sided at a 5% statistical significance level. All statistical anal-
yses were performed with SAS version 9.4 (SAS Institute, Inc.).

Results
Patients
Between 21 January 2015 and 21 September 2016, a total of
332 patients with de novo MM were screened and 300 were
randomized to treatment in 47 IFM transplant centers. Patients
were randomly assigned to receive Bor-HDM (arm A, n 5 154)
or HDM alone (arm B, n 5 146) as a conditioning regimen
before transplantation. Patients’ demographic and baseline char-
acteristics are summarized in Table 1. FISH analysis was

performed in 295 (98.3%) patients, including the presence of a
17p deletion in 17 patients (6.5%) and a t(4;14) translocation in
31 patients (11.7%). All patients received a bortezomib-based
induction, and the vast majority (n 5 262 [(87.3%]) received
VTd. Other regimens included: CyBorD in 34 (11.3%) patients;
RVd in 2 (0.7%) patients; and bortezomib-dexamethasone in 2
(0.7%) patients. Induction regimens and responses were well
balanced between the 2 arms (see patient characteristics).

Study treatment exposure
In the Bor-HDM arm, 151 (98%) of 154 patients received the
planned conditioning regimen followed by transplantation (vs
98.5% in the HDM arm). Overall, 5 patients did not receive
HDT because of progressive disease (n 5 3), withdrawal of
consent (n 5 1), or stem cell growth defect (n 5 1). One addi-
tional patient, allocated to the Bor-HDM arm, received only
HDM because of grade 2 neuropathy at time of conditioning
regimen. Figure 2 presents patient disposition. Regarding bor-
tezomib administration, 147 (95.5%) patients received the
4 planned doses; 2 patients received only 3 doses and 1 patient
only 2 doses. Dose reduction was due to AEs only in 1 patient.
Ten patients did not receive further consolidation, including
7 patients (4.6%) in the Bor-HDM arm. Consolidation com-
prised VTd as planned for 2 cycles in 128 (83.1%) of 145
patients and 130 (89.0%) of 141 patients, respectively. Five
patients received .2 cycles according to investigator judgment
to improve responses: n 5 3 (2.0%) patients after Bor-HDM
and n 5 2 (1.4%) patients after HDM alone, respectively. The

Total screened 

HDM

Total randomized 

332

300

Randomized by arm
(ITT population)  

146

Conditioning treatment
(all underwent ASCT)  

151 144

Bortezomib + HDM 

154

Not treated n=2
(2 progressive disease)  

Not treated n=2
(1 progressive disease/
1 withdrawal of consent)  

No transplant with VTD
consolidation n=1  

VTD consolidation 
134

VTD alone: 134
Both VTD/Other: 0

136
VTD alone: 135

Both VTD/Other: 1

No consolidation n=7
(1 death/6 toxicity)  

No consolidation n=3
(1 inv. judgment/2 toxicity)  

Early discontinuation
n=3 (3 toxicity)   

Early discontinuation n=4
(2 inv. judgment/2 toxicity)

Out of study: 79
(1 death/1 withdrawal of consent/77 progressive disease)

Out of study: 88
(1 lost to follow-up/87 progressive disease)  

Last patient completed consolidation in March 2017 

Eligibility criteria not met n=25
Consent withdrawal n=2
Investigator decision n=2
Required assessment for randomization
not performed n=3   

Other consolidation n=11
(2 inv. judgment/9 toxicity)  

Other consolidation n=5
(2 inv. judgment/3 toxicity)  

Figure 2. Consolidated Standards of Reporting Trials diagram of patients’ disposition. inv., investigator; ITT, intention-to-treat.
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remaining patients (n 5 16) received a lenalidomide-based
consolidation (median, 2 cycles; range, 2-24 cycles) essentially
because of neuropathy.

Response evaluation
At day 60 posttransplant, there was no difference regarding
sCR/CR rates (primary end point): 22.1% in the Bor-HDM arm vs

20.5% in the HDM arm (HR, 1.06; 95% CI, 0.56-2.03; P 5 .844).
These results were homogeneous across strata for all the pre-
specified baseline covariates (Figure 3). There was no difference
in undetectable MRD rates at day 60 posttransplant in patients
with VGPR or better assessed by MFC (1025): 41.3% vs 39.4%,
respectively (P 5 .864). At the completion of consolidation,
30.4% of patients were in CR or better in the Bor-HDM arm vs

Covariate [*]
Subgroup

Gender
Male
Female
Adjusted for covariate

23/99 (23.2)
11/55 (20.0)

21/87 (24.1)

14/38 (36.8)
12/93 (12.9)
6/21 (28.6)
2/2 (100.0)

28/132 (21.2)

21/109 (19.3)
8/25 (32.0)
4/17 (23.5)

6/18 (33.3)
23/118 (19.5)

2/7 (28.6)
27/126 (21.4)

14/14 (100.0)
20/76 (26.3)
0/64 (0.0)

34/90 (37.8)
0/64 (0.0)

6/22 (27.3)

12/66 (18.2)

17/83 (20.5)
13/63 (20.6)

0.7772
(NS at 0.10 level)

1
(NS at 0.10 level)

0.2104
(NS at 0.10 level)

0.2207
(NS at 0.10 level)

0.6697
(NS at 0.10 level)

0.5335
(NS at 0.10 level)

0.2149
(NS at 0.10 level)

0.1289
(NS at 0.10 level)

0.7726
(NS at 0.10 level)21/86 (24.4)

11/31 (35.5)
10/98 (10.2)
9/16 (56.3)
0/1 (0.0)

28/125 (22.4)

23/106 (21.7)
5/22 (22.7)
2/16 (12.5)

3/13 (23.1)
25/116 (21.6)

2/10 (20.0)
26/118 (22.0)

10/11 (90.9)
18/72 (25.0)
2/63 (3.2)

28/83 (33.7)

[*] Missing covariate data are excluded.
[**] Non-evaluable cases are considered as failure in achieving complete response, stringent or not, at D60 post PBSC infusion before
      consolidation therapy. Screening response assessment is not taken into account to derive evaluable cases.
(a) Subgroup analysis: Point estimate; method = MLE; 95% CI, method = Chan-Zhang (exact).
     Covariate-adjusted analysis: Point estimate, method = Mantel-Haenszel; 95% CI, method = stratified Newcombe (asymptotic).
(b) Two-sided Zelen’s exact test.

2/63 (3.2)

−100

2/21 (9.5)

9/58 (15.5)

Age at multiple myeloma diagnosis
�60 years
�60 years
Adjusted for covariate

M-protein isotype at multiple myeloma diagnosis
IgA
IgG
Light chain
Other
Adjusted for covariate

ISS stage at multiple myeloma diagnosis
Stage I or II
Stage III
Adjusted for covariate

Cytogenetics at multiple myeloma diagnosis
Standard
High risk
FISH failure
Adjusted for covariate

T(4;14) at multiple myeloma diagnosis
Presence of t(4;14)
Absence of t(4;14)
Adjusted for covariate

Del(17p) at multiple myeloma diagnosis
Presence of del(17p)
Absence of del(17p)
Adjusted for covariate

IMWG response after induction (investigator)
sCR or CR
VGPR
PR or SD
Adjusted for covariate

IMWG response after induction (investigator)
At least VGPR
PR or SD
Adjusted for covariate

Arm A
Bortezomib+Melphalan

n/N (%)

Arm B
Melphalan

n/N (%)

Arm B better Arm A better

Complete response rate, stringent or not (IMWG, investigator), at D60 post PBSC infusion before consolidation therapy [**]

Risk difference - in %
Arm A minus Arm B

Point estimate and 95% CI (a)

Interaction
arm*covariate

p-value (b)

−80 −60 −40 −20 0 20 40 60 80 100

Figure 3. Subgroup and covariate analyses with risk differences of sCR/CR rates at day 60 posttransplant (intention-to-treat population). IgA, immunoglobulin
A; IMWG, International Myeloma Working Group; ISS, International Staging System; NS, not significant; PBSC, peripheral blood stem cells; PD, progressive disease; PR,
partial response; SD, stable disease.
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31.9% in the HDM arm (P 5 .626). Table 2 presents response
rates at different time points and their improvement. There was
no difference for best responses achieved: 84.4% VGPR or
better and 44.8% CR or better in the Bor-HDM arm vs 82.9%
VGPR or better and 42.5% CR or better in the HDM arm (P 5

.756 and P 5 .727, respectively). MRD at any time point during
the program was undetectable in 39.5% of patients in arm A vs
38.4% (P 5 .896) in arm B.

Survival outcomes
As of December 2018, median follow-up was 34.3 months (95%
CI, 32.7-35.4) in arm A and 35.8 months (95% CI, 33.3-37.1) in
arm B. Overall, 164 patients relapsed, with a median PFS of
34.0 months for Bor-HDM–treated patients and 29.6 months for
HDM-treated patients (adjusted HR, 0.82; 95% CI, 0.61-1.13;
P 5 .244) (Figure 4). Thirty patients died, with an estimated
3-year OS of 89.5% in both arms (adjusted HR, 1.28; 95% CI,
0.62-2.64; P 5 .374).

Engraftment and treatment-related toxicities
The number of CD34 cells collected was 9.193 106 cells/kg (first
and third quartiles [Q1-Q3], 6.66-10.51) and 9.14 3 106 cells/kg
(Q1-Q3, 6.40-10.42), respectively. Patients received at transplant
a median of 3.45 3 106 (Q1-Q3, 2.73-4.70) and 3.38 3 106 (Q1-
Q3, 2.70-5.00) CD341 cells/kg, respectively. There was no
engraftment failure or delay, and no difference between the 2
arms. Neutrophils (absolute neutrophil count $0.5 3 109/L) and
platelets ($20 3 109/L without transfusion) recovered in median
times of 12.0 (Q1-Q3, 11.0-14.0) and 12.0 (Q1-Q3, 11.0-13.0)
days. The median time to platelet level $50 3 109/L was 16.0

(Q1-Q3, 14.0-24.0) and 15.0 (Q1-Q3, 14.0-21.0) days. Patients
were discharged from the transplant unit in median times of 19.0
(Q1-Q3, 17.0-21.0) and 18.0 (Q1-Q3, 16.0-20.0) days.

There were no deaths related to experimental conditioning regi-
men, but 1 patient died of flu-related acute respiratory distress
syndrome at day 4 of transplantation. Data are summarized in
Table 3. Concerning toxicities, 69 serious AEs occurred in
47 patients (18.7% of patients treated with Bor-HDM and 13.1%
with HDM alone), including: 1 pulmonary embolism, 3 deep vein
thrombosis, 2 cardiac failures, and 2 pericarditis; 1 acute respira-
tory distress syndrome, 4 pneumoniae, 1 acute pulmonary
edema, and 1 cryptogenic organizing pneumonia; 3 hepatobili-
ary disorders; 2 erythema; 1 posterior reversible encephalopathy
syndrome, 1 optic neuritis, and 3 PNY; 8 gastrointestinal tract dis-
orders; and 17 infections and 2 secondary malignancies (1 fatal
acute myeloid leukemia and 1 basal cell carcinoma).

Treatment-emergent AEs (TEAEs) were reported in almost all
patients (96% in arm A vs 93.8% in arm B). There was no differ-
ence regarding TEAEs related to conditioning regimen (93.3%
vs 89.7%). The proportion of grade 3/4 TEAEs was similar in
both arms (54% vs 58.6%). Data of interest are shown in Table 3.
During the whole program (including transplantation and con-
solidation), the most common (.10%) grade 3/4 AEs according
to system organ class were blood and lymphatic system disor-
ders (28.0% vs 33.8%), gastrointestinal disorders (20.0% vs
22.8%), general disorders (18.0% vs 11.0%), and infections
(12.0% vs 15.2%). Overall, 46% of the patients in the Bor-HDM
arm developed treatment-emergent PNY (all grade) vs 29.7% in

Table 2. Summary of responses and improvements (per protocol)

Response

After induction
therapy After ASCT After consolidation Best response

Bor-HDM
(n 5 154)

HDM
(n 5 146)

Bor-HDM
(n 5 152*)

HDM
(n 5 144)

Bor-HDM
(n 5 141)

HDM
(n 5 138)

Bor-HDM
(n 5 152*)

HDM
(n 5 146)

sCR 9 (5.8) 4 (2.7) 16 (10.5) 19 (13.2) 27 (19.1) 31 (22.5) 45 (29.6) 45 (30.8)

CR 5 (3.2) 7 (4.8) 18 (11.8) 12 (8.3) 16 (11.3) 13 (9.4) 24 (15.8) 17 (11.6)

VGPR 76 (49.4) 72 (49.3) 88 (57.9) 76 (52.8) 74 (52.5) 67 (48.6) 61 (40.1) 59 (40.4)

Partial response 55 (35.7) 54 (37.0) 29 (19.1) 31 (21.5) 22 (15.6) 22 (15.9) 21 (13.8) 20 (13.7)

Stable disease 9 (5.8) 9 (6.2) 0 4 (2.8) 0 3 (2.2) 0 3 (2.1)

PD 0 0 1 (0.7) 2 (1.4) 2 (1.4) 2 (1.4) 1 (0.7)† 2 (1.4)†

Negative MRD‡ 14/67 (20.9) 15/67 (22.4) 31/75 (41.3) 26/66 (39.4) 34/72 (47.2) 32/67 (47.8) 47/90 (52.2) 47/92 (51.1)

sCR/CR 14 (9.0) 11 (7.5) 34 (22.3) 31 (21.5) 43 (30.4) 44 (31.9) 69 (45.4) 62 (42.5)

sCR/CR 1 VGPR 90 (58.4) 83 (57.5) 122 (80.3) 107 (74.3) 117 (83.0) 111 (80.4) 130 (85.5) 121 (82.9)

PR or less to sCR/CR – – 0/63 2/61 0/28 0/28 – –

VGPR to sCR/CR – – 20/75 18/72 12/81 16/74 – –

Data are expressed as no. (%) or n/N (%) unless otherwise indicated. PD, progressive disease; PR, partial response.

*One patient died of flu infection during transplant and 1 patient withdrew consent.

†These 3 patients experienced disease progression after randomization and did not undergo HDT.

‡Sensitivity of 1025.
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the control arm. Grade 3/4 PNY or grade 2 neuralgia was
reported in 11 patients (4% vs 3.4%). It should be noted that
PNY was present at time of randomization in 78 (26%) patients.

Discussion
HDM (200 mg/m2) is the standard conditioning regimen before
transplantation in patients with MM for .30 years. The IFM and
other groups have shown, in large phase 2 to 3 trials, the superi-
ority of frontline transplantation even in the era of RVd or carfil-
zomib, lenalidomide and dexamethasone (KRd) induction,
consolidation, and lenalidomide-based maintenance regi-
mens.19,20 Indeed, transplantation can deepen and prolong
responses. However, transplant programs are thus far not cura-
tive, and most patients will relapse within 5 to 8 years. Several
approaches have been evaluated for a long-time to enhance the
efficacy of transplantation. These have included the use of a
higher dose of melphalan33 and the use of total body irradia-
tion,21,22 as well as the incorporation of other drugs into the
conditioning regimen.23-25 These approaches usually resulted in
increased morbidity and mortality without improvement in effi-
cacy or outcomes. Over the last 10 years, several studies have

provided evidence for potential synergism and safety when
combining bortezomib with HDM. Consistent with reports by
Lonial et al,34 and others,35-37 we previously showed promising
results of Bor-HDM treatment in a phase 2 study, regardless of
induction therapy.30

The aim of the present randomized phase 3 trial was to deter-
mine whether the Bor-HDM combination would confirm higher
CR rates after transplant vs HDM alone, in the era of
bortezomib-based triplet induction and consolidation regimen
(before daratumumab), without the burden of increased toxicity.
This randomized phase 3 trial enrolled 300 patients at 47 IFM
transplant centers in 1.5 years. It did not confirm the results
reported in our phase 2 study: the Bor-HDM conditioning regi-
men did not increase response rates posttransplant. On an
intention-to-treat analysis, there was no difference regarding
sCR/CR rates at day 60: 22.1% in the Bor-HDM arm vs 20.5% in
the HDM arm (P 5 .844). One could argue that these sCR/CR
rates are lower than expected, that we may have overestimated
the CR rates to calculate our sample size, and therefore that we
did not have sufficient statistical power to detect a difference
between the 2 study arms. Nevertheless, because the 2-point
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Figure 4. PFS (based on response evaluation only).
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difference in response was not clinically significant, we were con-
fident that the lack of statistical significance was mainly related
to the lack of difference rather than to a lack of statistical power.
A confounding variable for outcomes could be the early read-
out of results (day 60 instead of classical day 100), and we know
that hematologic response can be completed within 3 to 6
months after transplantation. We therefore analyzed response
rates at the completion of consolidation (estimated day 120 after
transplantation). It was planned that all patients were to receive
within the program two VTd cycles as consolidation, and 258 of
300 patients received at least 2 cycles. Only a few patients
according to their treating physician received additional VTd
consolidation cycles (n 5 5), or lenalidomide and dexametha-
sone consolidation (n 5 16), but all patients were analyzed at
the completion of 2 cycles. There was again no statistical dif-
ference in terms of sCR/CR rates at the completion of consolida-
tion (30.4% vs 31.9%; P 5 .626) and no difference in best
response achieved all along during the program (45.4% vs
42.4% achieved sCR/CR, respectively). A difference could possi-
bly occur at a deeper level, and MRD evaluation could be a key
point. With a sensitivity of 1025, �40% of patients were MRD
undetectable according to MFC after transplant, and rates were
comparable between the 2 arms (41.3% vs 39.4%; P 5 .864).
There was no difference either at the completion of consolida-
tion (47.2% vs 47.8%) or at any time during the program.

Considering the poor chance of having a statistically significant
difference, we did not perform MRD assessment by next-
generation sequencing (sensitivity of 1026), but marrow samples
were stored. Finally, the absence of difference could be related
either to a variable melphalan exposure when using fixed-dose
melphalan or to previous bortezomib exposure. It is therefore
possible that patients who had a suboptimal response to induc-
tion may be the most likely to benefit from the synergistic
effects of bortezomib and alkylating agents. All patients in this
trial received a bortezomib-based induction (mainly VTd or
CyBorD) compared with 33% in our previous phase 2 study.
Induction regimens were well balanced between the 2 arms,
and randomization was stratified according to response; most of
the patients already achieved a very good quality of response
after induction, and .20% were MRD undetectable. Conse-
quently, no difference could be seen according to induction reg-
imen, and we cannot speculate that patients who had a
suboptimal response to induction may be the most likely to ben-
efit from the addition of bortezomib.

One could also argue that responses may be related to initial
risk status of the disease, and trials have suggested that trans-
plant could mainly benefit high-risk patients, with sustained
responses and prolonged survivals.32 Promising data have been
reported in studies with intravenous busulfan/melphalan.38-42

Table 3. Engraftment and transplant-related toxicities of interest

Toxicities of interest Arm A, Bor-HDM Arm B, HDM

Patients who underwent ASCT, n (%) 151 (98) 144 (98.5)

PBSC infused (106 CD34/kg), median (Q1-Q3) 3.45 (2.73-4.71) 3.38 (2.70-5.00)

Duration of hospital stay, median (Q1-Q3), d 19 (17.0-21.0) 18 (16.0-20.0)

Duration of neutropenia (ANC ,0.5 3 109/L), median (Q1-Q3), d 12 (11.0-14.0) 12 (11.0-13.0)

Duration of thrombocytopenia

,20 3 109/L, median (Q1-Q3) 12 d (11.0-14.0) 12 d (11.0-13.0)

,50 3 109/L, median (Q1-Q3) 16 d (14.0-24.0) 15 d (14.0-21.0)

No. of platelet transfusions, median (Q1-Q3) 2 (1-3) 2 (1-3)

No. of packed red blood cell transfusions, median (Q1-Q3) 0 (0-2) 0 (0-2)

Patients with curative antibiotherapy, n (%) 128 (84.8) 122 (84.7)

Duration of curative antibiotherapy, median (Q1-Q3), d 8.0 (6.0-12.5) 9.0 (6.0-13.0)

Mucositis any grade, n (%) 96 (64.0) 95 (65.5)

Mucositis grade 3-4, n (%) 38 (25.3) 32 (22.1)

Duration of mucositis, median (Q1-Q3), d 7.0 (5.0-10.0) 8.0 (4.5-10.0)

Gastrointestinal tract/diarrhea, n (%) 110 (73.3) 105 (72.4)

Dermatologic/allergic reactions, n (%) 19 (12.7) 15 (10.3)

PNY, n (%) 38 (25.3) 15 (10.3)

Headache, n (%) 33 (22.0) 35 (24.1)

Death, n (%) 1 (0.7) 0

ANC, absolute neutrophil count; PBSC, peripheral blood stem cells.
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Although there was no difference in CR rates or better at day
100 (26% vs 34%) after busulfan/melphalan and transplantation,
Qazilbash’s group (MD Anderson Cancer Center) (Bashir et al,41

Saini et al42) reported in their phase 3 study, with a median
follow-up of 28 months, a statistically significant difference
regarding PFS: not achieved in the busulfan 1 HDM arm vs 31
months in the HDM arm (P 5 .013), mainly in high-risk
patients.41,42 In our study, after a median follow-up of 35
months’ postrandomization, there was still no PFS difference
between the 2 arms, with a median PFS of 34.0 months with
Bor-HDM. Thus, this longer follow-up did not reveal a PFS
advantage; the study was not powered to that purpose, how-
ever. We evaluated outcomes according to risk status (data not
shown), and the interaction test was not statistically significant to
conclude to a different treatment effect in the high-risk sub-
group. The absence of maintenance therapy could have been
another confounding variable resulting in a lack of response.
Some patients, according to their treating physician, may have
received lenalidomide maintenance. We do not have these data
but, because lenalidomide maintenance was not reimbursed
at that time in France, it may concern only a small proportion
of patients.

In terms of safety, this study confirmed that the addition of bor-
tezomib to HDM conditioning did not significantly increase tox-
icity or delay engraftment. Twenty-eight patients had serious
AEs related to the bortezomib conditioning vs 19 patients in the
HDM arm. As expected, there was an excess of neurologic side
effects in the Bor-HDM–treated population, and, overall, 70
patients in the Bor-HDM arm developed treatment-emergent
PNY vs 38 patients in the control arm. Only a few patients could
not receive the planned VTd consolidation, and there was no
significant difference between the 2 arms. There was no differ-
ence regarding AEs of interest: grade 2 or higher neuropathy,
skin rash, mucositis, diarrhea or constipation, cardiac rhythm dis-
orders, or thromboembolic events.

In summary, in this phase 3 randomized, multicenter, open-label
trial, 151 (98%) of 154 patients received the planned condition-
ing regimen with bortezomib and HDM. Although we confirm
its safety with no engraftment delays or unexpected toxicities
reported, the addition of bortezomib to HDM as a conditioning
regimen pre-ASCT failed to show superiority over HDM alone.
There was no significant difference in sCR/CR rates at day 60
posttransplant between the 2 arms or after consolidation ther-
apy. Undetectable MRD rates were similar at any time point.
With an extended follow-up, there was no PFS or OS advantage,
even for high-risk patients. Although recent data with a
busulfan-containing preparative regimen were favorable in high-
risk patients, we believe that, to date, HDM (200 mg/m2)
remains the standard-of-care conditioning regimen for intensive
therapy with ASCT in MM. An interesting approach could be
the addition of a more potent proteasome inhibitor instead of
bortezomib, and a carfilzomib/melphalan preparative regimen
has been evaluated in relapsed patients with a promising effi-
cacy and safety signal.43
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