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Efficacy and tolerability of bendamustine, bortezomib and
dexamethasone in patients with relapsed-refractory multiple
myeloma: a phase II study
M Offidani1, L Corvatta2, L Maracci1, AM Liberati3, S Ballanti4, I Attolico5, P Caraffa1, F Alesiani6, T Caravita di Toritto7, S Gentili1, P Tosi8,
M Brunori9, D Derudas10, A Ledda11, A Gozzetti12, C Cellini13, L Malerba14, A Mele15, A Andriani16, S Galimberti17, P Mondello18,
S Pulini19, U Coppetelli20, P Fraticelli21, A Olivieri1 and P Leoni1

Bendamustine demonstrated synergistic efficacy with bortezomib against multiple myeloma (MM) cells in vitro and seems an
effective treatment for relapsed-refractory MM (rrMM). This phase II study evaluated bendamustine plus bortezomib and
dexamethasone (BVD) administered over six 28-day cycles and then every 56 days for six further cycles in patients with rrMM
treated with p4 prior therapies and not refractory to bortezomib. The primary study end point was the overall response rate after
four cycles. In total, 75 patients were enrolled, of median age 68 years. All patients had received targeted agents, 83% had 1–2 prior
therapies and 33% were refractory to the last treatment. The response rateXpartial response (PR) was 71.5% (16% complete
response, 18.5% very good PR, 37% partial remission). At 12 months of follow-up, median time-to-progression (TTP) was 16.5
months and 1-year overall survival was 78%. According to Cox regression analysis, only prior therapy with bortezomib plus
lenalidomide significantly reduced TTP (9 vs 17 months; hazard ratio¼ 4.5; P¼ 0.005). The main severe side effects were
thrombocytopenia (30.5%), neutropenia (18.5%), infections (12%), neuropathy (8%) and gastrointestinal and cardiovascular events
(both 6.5%). The BVD regimen is feasible, effective and well-tolerated in difficult-to-treat patients with rrMM.
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INTRODUCTION
Multiple myeloma (MM) is one of the most common haemato-
logical malignancies and is characterized by multiple relapses,
reduced response durations and ultimately treatment refractoriness.1

The introduction of novel agents such as thalidomide, bortezomib
and lenalidomide has improved outcomes for patients with newly
diagnosed and relapsed-refractory MM (rrMM).2 Immunomodulatory
drugs (IMIDs) and proteasome inhibitors have demonstrated
effectiveness, as single-agent or combination regimens, in rrMM.1

Factors, including the quality and duration of prior response,
residual toxicity, and disease and patient characteristics, influence
the choice of treatment for patients with rrMM.3 Although the
optimal treatment sequence for patients with rrMM is not clear,
retreatment is common following a prolonged response without
severe toxicity,4 or if not, class switching is favoured.
Pretreated patients with advanced disease, especially if

refractory to available therapies, have a particularly poor prognosis
with few options outside of clinical trials.5 Haemato-oncologists

are increasingly faced with managing rrMM patients who
experience multiple relapses and progressively shorter response
durations, even with novel targeted agents.6 There is therefore an
urgent need for improved therapeutic options for rrMM patients
and for agreement on an optimized treatment sequence that
focuses on obtaining the optimal duration of remission first-line
and in early lines of treatment to maximize outcomes.
Bortezomib regimens have demonstrated marked activity in

rrMM, particularly when combined with dexamethasone or
liposomal doxorubicin.7–16 These combinations are associated
with partial remission (PR) rates of 50–70% and median time-to-
progression (TTP) of 6–11 months in populations mainly pretreated
with alkylators or, to a lesser extent, thalidomide.10,12,17–20

Bendamustine is a hybrid-alkylating agent comprising a purine-
like benzimidazole ring and nitrogen mustard group. It has a
unique mechanism of action compared with most conventional
alkylators, eliciting more extensive and durable DNA damage,
resulting in cell death by mitotic catastrophe, higher levels of p53
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Umana, Università di Messina, Messina, Italy; 19Ematologia Clinica, Ospedale Civile Spirito Santo, Pescara, Italy; 20Ematologia Ospedale Santa Maria Goretti, Latina, Italy and
21Clinica Medica, Azienda Ospedaliero-Universitaria, Ospedali Riuniti di Ancona, Ancona, Italy. Correspondence: Dr M Offidani, Clinica di Ematologia, Azienda Ospedaliero-
Universitaria, Ospedali Riuniti di Ancona, via Conca 71, Torrette, Ancona 60126, Italy.
E-mail: m.offidani@ospedaliriuniti.marche.it
Received 17 September 2013; accepted 25 September 2013

Citation: Blood Cancer Journal (2013) 3, e162; doi:10.1038/bcj.2013.58
& 2013 Macmillan Publishers Limited All rights reserved 2044-5385/13

www.nature.com/bcj

http://dx.doi.org/10.1038/bcj.2013.58
mailto:m.offidani@ospedaliriuniti.marche.it
http://www.nature.com/bcj


activation and induction of p53-dependent genes.21–23 This
alternative cell death pathway and potent activation of
apoptosis may partially explain bendamustine’s effectiveness in
alkylator-resistant cells.24 Bendamustine has been successfully
used in Hodgkin’s disease, follicular and aggressive non-Hodgkin’s
lymphomas, chronic lymphocytic leukaemia, myelodysplastic
syndrome, breast and lung cancer.25 After phase I assessments,26

several trials evaluated bendamustine alone or combined with new
drugs in patients with MM.27–39 Bendamustine demonstrated a
predictable and manageable toxicity profile, mainly comprising
neutropenia, thrombocytopenia, mucositis and infections.
Moreover, its pharmacokinetics were unaffected by impaired
renal function, which is common among MM patients.
Bendamustine combined with prednisone was also more
effective than melphalan–prednisone in front-line MM patients
ineligible for transplantation.40 Bendamustine is approved in
Europe, but not the United States, for newly diagnosed MM
patients aged 465 years with neuropathy who are ineligible for
thalidomide or bortezomib. Therefore, most patients with de novo
MM continue to be treated with classical alkylators rather than
bendamustine. Although seldom used front line, bendamustine
shows incomplete cross-resistance with other alkylating agents,
making its potential use in salvage therapy particularly attractive.
In preclinical studies, bortezomib enhanced the in vitro

sensitivity of MM cells to bendamustine.41 Moreover, bendamustine
was more effective in patients washed out from bortezomib by at
least 6 months.33 These observations provided the rationale for
our study, namely to evaluate bendamustine plus bortezomib and
dexamethasone (BVD) in patients with rrMM not refractory to
bortezomib and with moderately advanced disease.
A recent phase I study determined the maximum-tolerated

dose of bendamustine plus bortezomib without apparent dose-
limiting toxicities.37 However, several doses and schedules of
bendamustine plus bortezomib had already been used in phase II
studies, with variable results and toxicities, before publication of
these phase I results.33–36

The aim of the present phase II study was therefore to assess
the efficacy and toxicity of BVD as induction and consolidation
therapy in patients with rrMM.

SUBJECTS AND METHODS
Study design and protocol
This prospective, single-arm, open-label, phase II study conducted in 21
Italian centres assessed the efficacy and toxicity of BVD in patients with
rrMM not refractory to bortezomib.
The study was approved by the local ethics committees (EudraCT No:

2010-020072-33) and complied with Guidelines for Good Clinical Practice
approved by International Conference of Harmonization and the Declara-
tion of Helsinki. All patients provided written informed consent.
Patients received bendamustine (Levact; Mundipharma Pharmaceuticals

Ltd) 70mg/m2 intravenously on days 1 and 8, bortezomib (Velcade;
Janssen-Cilag Ltd) 1.3mg/m2 intravenously . on days 1, 4, 8 and 11 and
dexamethasone 20mg was administered intravenously or orally (per os) on
days 1–2, 4–5, 8–9 and 11–12 before bendamustine and bortezomib for
the first two cycles. In subsequent cycles, dexamethasone 20mg was
administered intravenously or per os on days 1, 8, 15 and 22 after
bendamustine 70mg/m2 on days 1 and 8 and bortezomib 1.3mg/m2 on
days 1, 8, 15 and 22. Treatment cycles were initially administered every 4
weeks up to four cycles. Patients achieving a responsepPR were taken off
study. Patients experiencing XPR received two additional induction cycles
followed by a 12-month consolidation phase with cycles repeated every 2
months. Therefore, patients with a PR after the induction phase could
receive up to 18 months of treatment and 12 BVD cycles.

Patients
Eligible patients had: age 18–85 years; Eastern Cooperative Oncology
Group performance status p2; life expectancy X3 months; measurable
disease (410 g/l monoclonal gammopathy or 4200mg per day
proteinuria); and rrMM after autologous stem cell transplantation (ASCT)

or conventional chemotherapy but treated with p4 prior therapies. All
previous MM therapies, including radiation, cytostatic therapy and surgery,
had to be completed X4 weeks before initiating study treatment without
corticosteroid therapy. Eligible patients also had: absolute neutrophil count
X1.0� 109/l; platelet count X75� 109/l; creatinine clearance 430ml/h;
total bilirubin p1.5mg/dl; and aspartate aminotransferase/alanine amino-
transferase p2� upper limit of normal or p5�ULN, if hepatic lesions
were present. Eligible patients were free of prior malignancies forX5 years
with the exception of curatively treated basal cell, squamous cell
carcinoma of the skin or carcinoma in situ of the cervix or breast use of
effective contraception was mandatory for fertile patients during, and 6
months after, study treatment.
Patients were excluded if they had: used any other experimental drug or

therapy within 28 days of baseline; known hypersensitivity to study drugs;
previously received bendamustine; refractoriness to bortezomib; a remis-
sion duration o6 months with prior bortezomib regimen; peripheral
neuropathyXgrade 2; heart disease (New York Heart Association grade III–
IV); uncontrolled diabetes or glaucoma; prior allogeneic stem cell
transplantation; concurrent use of anticancer treatments not permitted
in the treatment plan; known positivity for human immunodeficiency virus,
or hepatitis B or C.
Varicella-zoster virus prophylaxis with acyclovir or valacyclovir and of

Pneumocystis jirovecii with trimethoprim sulphamethoxazole were manda-
tory, whereas antibacterial prophylaxis was not. However, after an interim
analysis of the first 30 enrolled patients revealed an excess of pneumonia,
quinolone prophylaxis was recommended during the first four BVD cycles.

Assessments
The primary end point was achievement of a response XPR (i.e. overall
response rate (ORR)) after four BVD cycles according to 2006 International
Myeloma Working Group and International Myeloma Foundation, Interna-
tional Uniform Response Criteria for MM.42 Serum and urine samples were
collected for M-protein quantification and disease status every 4 weeks
during treatment and every 8 weeks during follow-up. Patients were
followed until documentation of progressive disease or death. Toxicity was
assessed at each treatment and follow-up visit.
Secondary end points included the rate of acute and late toxicity

according to National Cancer Institute Common Terminology Criteria for
Adverse Events criteria version 3.0 (NCI-CTCAE v.3.0), complete remission
(CR) rate, time-to-response, TTP, progression-free survival (PFS) and overall
survival (OS). Disease progression and relapse were assessed using the
International Myeloma Working Group criteria.42

Dose reductions or interruptions/withdrawals were protocol defined.
Treatment was withdrawn for: disease progression; unacceptable toxicity;
treatment delay 44 weeks; administration of non-study antineoplastic
medication; withdrawn consent; investigator decision; pregnancy/insuffi-
cient contraception; and lack of follow-up or death.

Statistical methods
Sample size determinations were based on an expected X60% response
rate, as previously observed with bortezomib–dexamethasone.10 Fleming’s
one-stage design for pilot studies was applied.43 An ORR p40% with
experimental therapy was considered inadequate, whereas an ORR X60%
signified a promising candidate for phase III development. The
probabilities of type I and II errors were 5% and 20%, respectively,
corresponding to a power of 80% and required intention-to-treat cohort of
X70 patients. The percentage ORR (CRþ very good partial response
(VGPR)þ PR) was calculated along with 95% confidence intervals (CIs).
Cumulative dose intensity was calculated as the ratio of expected/
administered dose of drug.
Univariate analysis of the association between each covariate and

response XPR was performed by w2 test (or Fisher’s exact test). The
association between time-dependent variables and covariates was
analysed by Cox regression analysis. A hazard ratio was calculated for
each variable. All continuous variables were categorized by clinical
judgement or empirically (i.e. according to calculated regression coeffi-
cients). Maximum-likelihood values were estimated, and variables with
Pp0.1 were included in the multivariate analysis, whereas those with
P40.05 were excluded. Estimated hazard ratios and CIs were calculated for
all significant variables. Time-to-response, TTP, PFS and OS were assessed
by Kaplan–Meier analysis. Time-to-response was defined as the time from
treatment start to first detection of response XPR. PFS was defined as the
time from initial dose of chemotherapy to disease progression, death or
the date of last assessment without any such event (censored observation).
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TTP was defined as the time from the initial dose of chemotherapy to
relapse/progressive disease or censoring. OS was determined by measur-
ing the time from initial dose of chemotherapy to death or last observation
(censored). Statistical analysis was performed using Statistical Package for
the Social Sciences software (SPSS, Chicago, IL, USA).

RESULTS
Patient disposition
From March 2011 to June 2012, 83 patients were screened and 75
were enrolled (Figure 1). Five patients died during the first cycle
before laboratory assessments were performed and 70 were
evaluable for ORR. Toxicity and survival parameters were assessed
in the intention-to-treat cohort (75 patients). Patients received a
median of five induction cycles (range 1–6; sum 346) and three
consolidation cycles (range 1–6; sum 58).

Patient characteristics
Median age was 68 years (range 41–85; 42.5% 470 years), and
17.5% of patients had an Eastern Cooperative Oncology Group PS
of 2. Also, 19% of patients had immunoglobulin A MM, 26.5% had
stage 3 disease (by International Staging System (ISS) for MM
criteria), 29% had lactate dehydrogenase (LDH) elevations and 9%
had renal insufficiency (Table 1). In total, 8/36 evaluable patients
(22%) had adverse cytogenetics including translocations t(4;14)
and t(14;16), and/or deletion of chromosome 17. Median time
from diagnosis to study enrolment was 40 months (range 4–130
months).
All patients had received prior treatments, including thalido-

mide (57%), lenalidomide (54.5%) or bortezomib (46.5%). Patients
had received a median of one prior therapy (range 1–4), including
alkylators (69%), anthracyclines (29%) and ASCT (44%). Twenty-
four patients (32%) were refractory to IMIDs (Table 1).
Response. Primary end point and impact of baseline variables
The response rateXPR after four BVD cycles was 71.5% (95% CI:

66–77%), including 11 CRs (16%), 13 VGPRs (18.5%) and 26 PRs
(37%). Also, 14 patients (20%) had disease stabilization. Best ORR
assessed during treatment was 77% (Table 2). Median time-to-
response was 1.2 months (range 0.9–1.4 months) and 78% of
patients had responded at 2 months.
According to univariate analysis, only prior treatment with

bortezomib significantly reduced the response rateXPR (54.5% vs
86.5%; P¼ 0.003; Table 3). Prior bortezomib treatment was also
associated with a lower CR rate (P¼ 0.064). Although renally
insufficient patients had a lower ORR than those with normal renal
function (50% vs 73.5%), sample numbers were low and the
difference was not statistically significant.

Secondary efficacy end points
At a median follow-up of 12 months (range 6–24), 30 patients had
progressed and 18 had died. Median TTP was 16.5 months (95%
CI: 14.8–18.3) and 66% at 1 year (Figure 2). Median PFS was 15.5
months (95% CI: 9.5–22) and 57% at 1 year, whereas median OS
had not been reached and 78% of patients were alive at 1 year.
According to univariate analyses, factors that negatively affected
TTP included response oPR (P¼ 0.024), LDH above the normal
range (P¼ 0.089), more than two lines of prior therapy (P¼ 0.002),

83 patients enrolled

8 patients excluded
6 did not meet inclusion or
exclusion criteria
2 withdrew consent before
study entry

75 patients eligible

36 patients in protocol:
23 consolidation ongoing
11 induction ongoing
2 completed protocol

39 patients off protocol:
15 without response
11 with disease progression
9 died
2 adverse events
1 ASCT
1 withdrew consent

Figure 1. Patient disposition.

Table 1. Patient characteristics

Characteristics n¼ 75

Median age, years (range) 68 (41–85)
Age 470 years, n (%) 32 (42.5)
Male, n (%) 34 (45)

WHO performance status, n (%)
0–1 62 (82.5)
X2 13 (17.5)

Myeloma type, n (%)
IgG 46 (61.5)
IgA 15 (20)
Light chain 14 (18.5)

ISS stage, n (%)
I–II 55 (73.5)
III 20 (26.5)

FISH analysis, n (%)
Standard risk 28 (78)
High risk 8 (22)

Renal failure, n (%) 7 (9)
LDH (U/l), n (%)
Normal 53 (71)
Above normal range 22 (29)

Hb level (g/dl), n (%)
o10 19 (28)
X10 49 (72)

Platelet count at enrolment (� 109/l), n (%)
o100 6 (8)
X100 62 (92)

Previous lines of therapy, n (%)
1 40 (53)
2 22 (29)
3 3 (8)
4 7 (10)

Prior treatment regimens
Previous alkylating, n (%) 52 (69)
Previous anthracyclines, n (%) 22 (29)
Previous thalidomide, n (%) 43 (57)
Previous bortezomib, n (%) 35 (46.5)
Previous lenalidomide, n (%) 41 (54.5)
Duration of lenalidomide treatment, median (range) 10 (2–42)
Previous lenalidomide and bortezomib, n (%) 15 (20)
Refractory to IMIDs, n (%) 24 (32)
Previous ASCT, n (%) 33 (44)

Disease history longer than 3 years, n (%) 44 (59)

Abbreviations: ASCT, autologous stem cell transplant; FISH, fluorescence
in situ hybridization; Hb, haemoglobin; Ig A, immunoglobulin A; Ig G,
immunoglobulin G; IMID, Immunomodulatory drug; ISS, International
Staging System for Multiple Myeloma criteria; LDH, lactate dehydrogenase;
WHO, World Health Organization.
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prior therapy with anthracyclines (P¼ 0.057), prior bortezomib
(P¼ 0.011), prior lenalidomide (P¼ 0.059) and prior bortezomib
plus lenalidomide (Po0.001). Other factors negatively correlating
with TTP included renal insufficiency (TTP¼ 4.5 months;
P¼ 0.002), thrombocytopenia (TTP¼ 10 months; P¼ 0.065) and
adverse fluorescence in situ hybridization (FISH) (TTP¼ 10 months;
P¼ 0.047). In contrast, patients achieving a CR had a longer TTP
compared with those who did not (NR vs 14 months; P¼ 0.073). As
these latter factors were present in a minority of patients, they
were excluded from the survival analysis. Cox regression analysis
identified prior therapy with bortezomib plus lenalidomide as the
only factor that significantly reduced TTP (9 vs 17 months;
HR¼ 4.5; 95% CI¼ 1.7–12.3; P¼ 0.005) (Figures 3 and 4).
Regarding OS, there was no significant difference
between patients aged p70 or 470 years (1-year OS: 80 vs
78%; P¼ 0.918).

Safety
Fifty-five per cent and 20% of patients experienced grade 3–4 and
grade 4 treatment-related adverse events (AEs), respectively.
Severe AEs occurred in 12 patients (16%: eight infections, one
heart failure, one sudden death, one cerebral haemorrhage and
one diarrhoea with dehydration). Five patients (6.5%) experienced
early death.
AEs led to therapy reduction in 15 patients (20%) mainly for

peripheral neuropathy (eight patients) and thrombocytopenia
(seven patients) and led to protocol discontinuation in eight
patients (10.5%) due to thrombocytopenia (three patients),
infections (three patients), neuropathy (one patient) and heart
failure (one patient) (Table 4). The cumulative dose intensity
was, however, 83 and 82% of bortezomib and bendamustine,
respectively.
The most frequent severe AEs were thrombocytopenia (30.5%),

neutropenia (18.5%), infections (12%; 4% grade 5: one case of
septic shock and two cases of pneumonia), neuropathy (8%)
and gastrointestinal and cardiovascular events (both 6.5%).
The grade 2–4 peripheral neuropathy rate was similar between
groups of patients with or without a history of prior bortezomib
(21% vs 33%; P¼ 0.469) or thalidomide (28 vs 26%; P¼ 0.725)
treatment.
Patients aged 470 years had a significantly higher incidence of

grade 3–4 thrombocytopenia (22 vs 37%; P¼ 0.042) and severe
infections (7 vs 19%; P¼ 0.047), and consequently a higher rate of
dose reductions (9 vs 34.5%; P¼ 0.007) and discontinuations
(7 vs 15.5%; P¼ 0.043) by comparison to younger patients.
However, the cumulative dose intensity of bendamustine was not
significantly lower in older patients compared with younger ones
(76 vs 84%; P¼ 0.389).
Moreover, four of five early deaths occurred in patients aged

470 years. Other baseline patient characteristics and lines of prior
therapy had no effect on compliance or toxicity in this study.

Table 2. Response to BVD therapy (n¼ 70 evaluable)

Response After four cycles, n (%) Best response, n (%)

CR 11 (16) 14 (20)
VGPR 13 (18.5) 14 (20)
PR 26 (37) 26 (37)
SD 14 (20) 14 (20)
PD 6 (8.5) 2 (3)
At least PR 50 (71.5) 54 (77)

Abbreviations: BVD, bendamustine plus bortezomib and dexamethasone;
CR, complete response; PD, progressive disease; PR, partial response;
SD, stable disease; VGPR, very good partial response.

Table 3. Univariate analysis of factors associated with ORR and
median TTP

ORR (%) P-value Median TTP
(months)

P-value

Age (years)
470 76.5 0.401 16 0.803
p70 67.5 16.5

WHO performance status
X2 58 0.270 15.5 0.401
0–1 74 NR

FISH analysis
Poor risk 75 0.954 10.5 0.047
Standard risk 76 NR

ISS stage
III 68.5 0.643 16.5 0.559
I–II 74 NR

Renal failure
Yes 50 0.224 4.5 0.002
No 73.5 17

LDH level
Elevated 66.5 0.564 15.5 0.089
Normal 73.5 NR

Platelet count at enrolment
o100� 109/l 80 0.606 10 0.065
X100� 109/l 70 16.5

Number of previous treatments
42 61.5 0.382 9.5 0.002
p2 73.5 17

Previous anthracyclines
Yes 72.5 0.871 12.5 0.057
No 71 16.5

Previous alkylator
Yes 73 0.604 17 0.991
No 66.5 16

Previous IMIDs
Yes 86 0.740 17 0.594
No 73 NR

Previous lenalidomide
Yes 71 0.940 16 0.059
No 72 NR

Refractory to lenalidomide
Yes 84 0.652 12 0.465
No 72 15.5

Previous bortezomib
Yes 54.5 0.003 11.5 0.011
No 86.5 NR

Previous lenalidomide and bortezomib
Yes 53 0.037 9 o0.001
No 76.5 17

Previous ASCT
Yes 63 0.129 17 0.737
No 79 16.5

Response after four BVD cycles
oPR NA NA 11 0.024
XPR NA NR

Abbreviations: ASCT, autologous stem cell transplant; BVD, bendamustine
plus bortezomib and dexamethasone; FISH, fluorescence in situ hybridiza-
tion; IMID, immunomodulatory drug; ISS, International Staging System for
Multiple Myeloma criteria; LDH, lactate dehydrogenase; NA, not applicable
(no data); NR, not yet reached; ORR, overall response rate; PR, partial
response; TTP, time to progression; WHO, World Health Organization.
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DISCUSSION
The results of this phase II trial demonstrated that the BVD
combination elicited a rapid and high response rate (470%) of
good quality (more than a third CRþ VGPR) in patients with rrMM
previously treated with targeted agents. Moreover, the BVD
regimen was associated with median TTP and PFS durations of

16.5 and 15.5 months, respectively, and a 1-year OS of 78% in the
intention-to-treat cohort.
The main outcomes of this study appear similar, and in some

regard, better than results reported with the main approved
salvage therapy combinations for this setting, such as bortezomib–
dexamethasone (VD)10 and lenalidomide–dexamethasone (Rd).44,45

The reported response rate obtained with VD and Rd did not exceed
60% and median TTP ranged from 9 to 13.5 months in patients
who had mostly been treated with old drugs. Only a small
proportion of patients receiving VD and Rd also received
thalidomide in the VD and Rd studies, whereas our results with
BVD have been achieved in a patient population fully treated with
new targeted agents and who might therefore be considered to
have a poorer prognosis (Table 5).
The response rates achieved in this phase II study are similar to

those obtained in the four main published trials (i.e. ORR:
65–75%) that have evaluated bendamustine combined with
bortezomib and steroids.33–36 Despite differences in patient
populations, median TTP/PFS of our patients previously treated
with 1–2 lines of therapy (17 months, 65% at 1 year) are
comparable to those reported by Ludwig et al.34 (13 months) and
Rodon et al.35 (67% at 1 year). The median TTP/PFS achieved with
BVD is also similar to the 8- to 9.5-month TTP/PFS duration
achieved by Hrusovsky and Heidtmann33 and Ludwig et al.34 in
patients with more advanced disease. Our findings with BVD and
those reported in the literature suggest that the BVD triple
regimen has reliable and reproducible efficacy in different patient
populations. Moreover, it is interesting that the present study and
that reported by Rodon et al.35 utilized a very similar schedule
containing consolidation with 12 treatment courses over
18 months and resulted in comparable results, which are likely
better than those obtained by Ludwig et al.34 with a shorter
schedule of therapy (eight courses in 8 months).34

The response rate of 480% (including 420% CR rate) and
median TTP (17 months) with BVD in the subgroup analyses of the
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Figure 3. TTP (a) according to age, (b) to renal function (c) to disease stage (International Staging System) and (d) cytogenetics (by FISH).
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present study were particularly satisfactory in patients pretreated
with thalidomide. Most reported studies with VD or Rd combina-
tions in rrMM have demonstrated a detrimental effect of prior
thalidomide treatment on the response rate and median TTP
duration,46–48 which was not evident with BVD in our study. This
observation suggests that bendamustine may be able to
overcome the hypothetical resistance induced by pretreatment
with thalidomide. Moreover, the efficacy of BVD in patients
previously treated with standard- or high-dose alkylating agents in
our study was similar to that of the entire study population,
indirectly suggesting that bendamustine has no cross-resistance
with other alkylators. Similar results were reported with a triple
therapy VTD (ORR¼ 86%; TTP¼ 19 months) in a recent published
study.49 Nevertheless, all patients included in this trial were in first
relapse after transplant and less than a quarter of them were
previously treated with new drugs. None had received prior

lenalidomide (Table 5). Therefore, although better outcomes were
expected with triplet therapy, the comparison among studies
should be viewed with caution because of differences in patient
populations, particularly regarding prior treatment that appears
the most important prognostic factor for response and survival. In
this regard, notably, prior treatment with lenalidomide, lenalido-
mide plus thalidomide and refractoriness to lenalidomide had a
negligible impact on outcomes achieved by patients treated with
BVD combination in our study. This finding is in contrast to results
in other similar published studies,34,35 in which pre-exposure to
IMIDs was significantly associated with a lower response rate and
shorter TTP. Unfortunately, there are no data regarding the
number of patients receiving lenalidomide and the duration of
treatment they received in the published studies, so it is not
possible to compare them with our present results and draw
conclusions. However, from Table 1 it is clear that a substantial
proportion of patients in our trial had received lenalidomide for a
reasonable duration. According to the literature, the outcome of
patients receiving salvage therapies and who had been treated
frontline with lenalidomide as maintenance50,51 or as induction
(i.e., melphalan, prednisone and lenalidomide) and maintenance
(MPR plus lenalidomide)52 are not significantly different from that
of patients not exposed to lenalidomide, suggesting that
lenalidomide probably does not induce resistant relapse.
Retreatment with the same new drug/regimen represents a

suitable choice when prior outcomes have been satisfactory.
Recently, Petrucci et al.48 demonstrated an ORR of 40% and a
median TTP of 8.4 months in patients retreated with VD. In our
study, patients exposed to bortezomib had a significantly
lower response rate and shorter TTP compared with those
without prior exposure. Despite this, retreatment with BVD in
our study still resulted in a response rate of 55% and median TTP
of 11 months (i.e., longer than reported in published studies
with VD), suggesting that bendamustine augmented the efficacy
of VD.
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Figure 4. TTP (a) according to the number of previous therapies, (b) previous treatment with alkylating, (c) previous treatment with IMIDs,
(d) refractoriness to lenalidomide, (e) previous treatment with bortezomib and (f ) previous treatment with bortezomib and lenalidomide.

Table 4. AEs occurring in the 75 patients receiving BVD

AEs Grade 1–2,
n (%)

Grade 3–4,
n (%)

Grade 5,
n (%)

Anaemia 24 (32) 9 (12)
Neutropenia 16 (21) 14 (18.5)
Thrombocytopenia 19 (25) 23 (30.5)
Infections 8 (10.5) 6 (8) 3 (4)
Peripheral neuropathy 18 (24) 6 (8)
Cardiac toxicity 3 (4) 1 (1) 2 (2.5)
Liver toxicity 2 (2.5) 1 (1)
Gastrointestinal toxicity 9 (12) 4 (5)
Fatigue 17 (23) 2 (2.5)
DVT 2 (2.5) 2 (2.5)

Abbreviations: BVD, bendamustine plus bortezomib and dexamethasone;
DVT, deep vein thrombosis.
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Consistent with the findings of Ludwig et al.,34 patients
pretreated with bortezomib and lenalidomide, and with more
than two lines of therapy in our study had the worst outcomes.
However, a response rate of 50–60% and median TTP of 9–10
months with BVD in these subgroups could not be defined as a
dismal outlook in this difficult-to-treat patient population.
Several trials are evaluating novel second-generation targeted

agents, either alone or in combination with dexamethasone, in
rrMM patients with some promising preliminary results.53 Owing
to its distinct mechanism of action, and efficacy and acceptable
tolerability in rrMM patients who had received prior targeted
agents in our study, bendamustine would be a logical choice for
further evaluation in combination with novel second-generation
targeted agents in clinical trials in this setting.
In our study, the efficacy of BVD was unaffected by disease

characteristics, such as age, PS, ISS stage or elevated LDH,
suggesting that this regimen is independent of the most
important unfavourable prognostic factors in rrMM. Somewhat
surprisingly, the six patients with renal insufficiency exhibited the
worst response rate and quality of response (50% ORR, 0% CR) and
the poorest TTP (median 4.5 months). Although renal insufficiency
is a well-known and important adverse prognostic factor in MM,54

better results were expected in this subgroup of patients with
BVD. According to Pönisch et al.,36 a small number of patients,
receiving bendamustine plus prednisone and bortezomib, who
had thrombocytopenia had a poorer outcome compared with
patients without thrombocytopenia. Similarly, in our study,
median TTP was shorter with BVD in patients with
thrombocytopenia, although it was still a non-trivial 10 months
in duration. The median TTP was also shorter with BVD in eight
patients with adverse cytogenetics by comparison to patients with
standard risk FISH analysis in our study. The median TTP with BVD
was also a non-trivial 10 months in this small subgroup at adverse
risk. However, because of the small number of patients in each
subgroup, it is not possible to draw clear conclusions on the
effectiveness of BVD.

Depth of response to BVD may have an impact on outcomes as
suggested by the trend towards prolonged median TTP in patients
achieving a CR vs other responses.
The BVD regimen was generally well tolerated in our study in

patients of median age 68 years, with treatment reductions and
discontinuations in 20 and 10% of patients, respectively. These
rates are similar to, or lower than, those reported with VD
(22–35% reductions and 21–23% discontinuations)10,48 and Rd
(20% discontinuations).44,45 The proportion of patients who
discontinued BVD therapy in our study was similar to that
reported by Rodon et al.35 (15 vs 11%), using the same schedule
in patients older than 65 years. However, it is worth noting that in
older patients, the BVD dose reduction/interruption rate is two- to
threefold higher than that in younger patients. In our study, the
discontinuation rate was twofold higher in patients 470 years
compared with younger patients. Despite this, the cumulative
dose intensity of BVD in older patients was similar to that in
younger patients. This may explain the lack of difference in terms
of response and survival parameters between the two groups of
patients. Mortality rate (6.5%), mainly due to infections, was of
concern in our protocol as it was two times the rate reported in
trials evaluating dual therapies (Table 5). Nevertheless, all deaths
due to infection occurred in the first 30 patients before
antibacterial prophylaxis was recommended. Furthermore, nearly
all early deaths occurred in the elderly subgroup of patients (4 of
5 deaths in patients 470 years). Despite being a triple therapy,
BVD was associated with similar mortality in our study to
bortezomib as monotherapy or dual therapy (±dexamethasone)
in a retreatment study reported by Petrucci et al.48 (i.e., 6.5 vs 6%).
Median age was similar in the Petrucci study and our study but
definitely higher than that in the dual therapy studies (Table 5).
From these data we can argue that mortality depends mostly on
age and supportive care rather than on the number of drugs
administered. In any case, although BVD had acceptable tolerability
in the whole study population of median age 68 years, caution is
warranted when considering this triple regimen for patients older

Table 5. Comparison of the present (BVD) study with relevant published trials of novel targeted agent combination regimens in rrMM cohorts

Parameter V±D
(RETRIEVE)48

(8 cycles)

V±D
(CREST)10

(up to
8 cycles)

V±PLD12

(up to 8
cycles)

RD45

(continuous)
BVD

(12 cycles
over

18 months)

VTD49

(12 cycles)

Median age, years (range) 67 (34–84) 60 (30–84) 61 (28–85) 61 (28–85) 68 (41–85) 60 (29–76)
WHO performance status X2 (%) 16.0 15.0a 0.0 13.0 17.5 36.0b

ISS stage III (%) — — — — 26.5 14.0
Median number of previous treatments (range) 2 (1–7) 3 (1–7) – – 1 (1–4) 1

Previous therapy (%)
Thalidomide 31.0 27.0 40.0c 30.0 57.0 10.0
Lenalidomide 0.0 0.0 0.0 54.5 0.0
Bortezomib 100.0 0.0 0.0 4.5 46.5 20.0

ORR (%)d 40.0 50.0 44.0 60.0 77.0 86.0
CR (%) 1.0 4.0e 4.0 16.0 20.0 25.0
Median TTP (months) 8.4 11.0 9.3 11.3 16.5 19.5

Grade 3–4 toxicity (%)
Neutropenia 7.0 23.0 30.0 29.5 18.5 11.0
Thrombocytopenia 35.0 23.0 23.0 11.4 30.5 17.0

Infection 10.0 15.0 3.0 15.0 12.0 14.0
Neuropathy 9.0 15.0 3.0 o1.0 8.0 31.0
Discontinuations due to toxicity (%) 21.0 — — 20.0 10.5 28.0
Early mortality (%) 6.0 3.8 3.0 2.8 6.5 —

Abbreviations: B, bendamustine; CR, complete response; D, dexamethasone; ISS, International Staging System for Multiple Myeloma criteria; nCR, near
complete response; ORR, overall response rate; PLD, pegylated liposomal doxorubicin; R, lenalidomide; rMM, refractory multiple myeloma; T, thalidomide;
TTP, time to progression; V, bortezomib; WHO, World Health Organization. aKarnofsky status p70. bKarnofsky status p80. cThalidomideþ lenalidomide. dBest
response (as the number of cycles of therapy was different between studies). eCRþnCR.
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than 70 years, in which an adapted dose BVD regimen should be
considered. Dose-adapted therapy in older patients, regardless of
the regimen, is one of the most important recent skill acquisitions in
MM treatment.55 The tolerability findings of our study therefore
provide valuable information that should facilitate adequate
management of BVD in future studies and in clinical practice.
The incidence of thrombocytopenia in our study and the Rodon

et al.35 study was lower than that reported in the studies of
Ludwig (35%) et al.34 and Pönisch (42%) et al.36 As the dose of
bendamustine was very similar in the four studies, it could be
argued that delaying the second dose of bendamustine
(i.e., administering on day 8 as in our study rather than days 2 or 4)
may reduce thrombocytopenia. The lowest rate of thrombocytopenia
(10%) was seen in the Rodon et al. study,35 in which bortezomib was
administered weekly to patients in first relapse. On the contrary, the
highest thrombocytopenia documented in the Pönisch et al. study36

may be related to a 21-day instead of a 28-day treatment cycle,
despite the lower dose of bendamustine (60mg/m2) administered.
However, the rate of thrombocytopenia in our study (30%) was
similar or lower than that reported with VD (30–35%)10,48 but
higher than that reported with Rd (17%).44,45 In contrast, the rate
of severe neutropenia with BVD in our study appears lower than
that reported with Rd (18 vs 36%).44,45

Infections (mainly pneumonia and sepsis) were the main
non-haematologic complication with BVD in our study. However,
the BVD infection rate (15–20%) is quite similar to that reported
with Rd (15–16%)44,45,56 and VD (15%).10,48 Adequate antibiotic
prophylaxis should therefore be administered in the first cycles of
BVD to reduce this potentially dangerous complication.
Neuropathy is one of the most important side effects with

bortezomib therapy.57 However, in our study, neuropathy was
rarely found to be a factor limiting BVD feasibility. Neuropathy was
also not a limiting factor in patients previously treated with
bortezomib or thalidomide according to similar published
studies,33–36 whereas it was a concern in patients treated with
VTD,48 in which the incidence was indubitably higher (31%; Table 5).
Weekly and subcutaneous administration of bortezomib could
further reduce the occurrence of troublesome neuropathy.58,59

In conclusion, the BVD combination is a feasible and effective
regimen in patients with rrMM. This triple regimen appears to be
more effective than approved dual regimens, without added
toxicities in patients pretreated with IMIDs and with a median of
one prior line of therapy. Notably, BVD appears to retain its
efficacy in advanced rrMM disease. Caution is warranted in older
patients in whom adequate dose adaptation and sound infection
prophylaxis are advisable. According to these phase II results, BVD
warrants further evaluation in phase III studies in comparison with
approved salvage regimens for rrMM.
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bendamustine, prednisone and bortezomib (BPV) in patients with relapsed or
refractory multiple myeloma. J Cancer Res Clin Oncol 2013; 139: 499–508.

37 Berenson JR, Yellin O, Bessudo A, Boccia RV, Noga SJ, Gravenor DS et al. Phase I/II
trial assessing bendamustine plus bortezomib combination therapy for the
treatment of patients with relapsed or refractory multiple myeloma. Br J Haematol
2013; 160: 321–330.

38 Lentzsch S, O’Sullivan A, Kennedy RC, Abbas M, Dai L, Lalo Pregja S et al.
Combination of bendamustine, lenalidomide, and dexamethasone (BLD) in
patients with relapsed or refractory multiple myeloma is feasible and highly
effective: results of phase 1/2 open-label, dose escalation study. Blood 2012; 119:
4608–4613.

39 Kumar SK, Krishnan A, Roy V, Zimmermann TM, Gertz MA, Stockerl-Goldstein KE et al.
Phase I/II, multicenter, open-label, dose-escalation study of bendamustine in
combination with lenalidomide and dexamethasone (BRD) in patients with
relapsed multiple myeloma: a Multiple Myeloma Research Consortium Study.
Blood 2012; 120: abstract 2965.

40 Pönisch W, Mitrou PS, Merkle K, Herold M, Assmann M, Wilhelm G et al. Treatment
of bendamustine and prednisone in patients with newly diagnosed multiple
myeloma results in superior complete response rate, prolonged time to treatment
failure and improved quality of life compared to treatment with melphalan and
prednisone—a randomized phase III study of the East German Study Group
of Hematology and Oncology (OSHO). Cancer Res Clin Oncol 2006; 132: 205–212.

41 Zhang S, Wang X, Chen L, Liang J, Suvannasankha A, Abonour R et al. Synergistic
activity of bendamustine in combination with doxorubicin and bortezomib in
multiple myeloma cells. Blood 2008; 112: abstract 5171.

42 Durie BGM, Harousseau JL, Miguel JS, Barlogie B, Anderson K, Gertz M et al.
International uniform response criteria for multiple myeloma. Leukemia 2006; 20:
1467–1473.

43 Fleming TR. One-sample multiple testing procedure for phase II clinical trials.
Biometrics 1982; 38: 143–151.

44 Weber DM, Chen C, Niesvizky R, Wang M, Belch A, Stadtmauer EA et al.
Lenalidomide plus dexamethasone for relapsed multiple myeloma in North
America. N Engl J Med 2007; 357: 2133–2142.

45 Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL, Dmoszynska A et al.
Lenalidomide plus dexamethasone for relapsed or refractory multiple myeloma.
N Engl J Med 2007; 357: 2123–2132.

46 Wang M, Dimopoulos MA, Chen C, Cibeira MT, Attal M, Spencer A et al.
Lenalidomide plus dexamethasone is more effective than dexamethasone alone
in patients with relapsed or refractory multiple myeloma regardless of prior
thalidomide exposure. Blood 2008; 112: 4445–4451.

47 Avet-Loiseau H, Soulier J, Fermand J-P, Yakoub-Agha I, Attal M, Hulin C et al.
Impact of high-risk cytogenetics and prior therapy on outcomes in patients with
advanced relapsed or refractory multiple myeloma treated with lenalidomide plus
dexamethasone. Leukemia 2010; 24: 623–628.

48 Petrucci MT, Giraldo P, Corradini P, Teixeira A, Dimopoulos MA, Blau IW et al.
A prospective, international phase 2 study of bortezomib retreatment in patients
with relapsed multiple myeloma. Br J Haematol 2013; 160: 649–659.

49 Garderet L, Iacobelli S, Moreau P, Dib M, Lafon I, Niederwieser D et al. Superiority
of the triple combination of bortezomib–thalidomide–dexamethasone over the
dual combination of thalidomide–dexamethasone in patients with multiple
myeloma progressing or relapsing after autologous transplantation: the MMVAR/
IFM 2005-04 randomized phase III trial from the Chronic Leukemia Working Party
of the European Group for Blood and Marrow Transplantation. J Clin Oncol 2012;
30: 2475–2482.

50 Attal M, Lauwers-Cances V, Marit G, Caillot D, Moreau P, Facon T et al.
Lenalidomide maintenance after stem-cell transplantation for multiple myeloma.
N Engl J Med 2012; 366: 1782–1791.

51 McCarthy PL, Owzar K, Hofmeister CC, Hurd DD, Hassoun H, Richardson PG et al.
Lenalidomide after stem-cell transplantation for multiple myeloma. N Engl J Med
2012; 366: 1770–1781.

52 Dimopoulos M, Petrucci MT, Foa R, Catalano JV, Kropff M, Yu Z et al. Analysis of
second-line lenalidomide following initial relapse in the MM-015 Trial. Blood 2012;
120: abstract 944.

53 Moreau P. The future of therapy for relapsed/refractory multiple myeloma:
emerging agents and novel treatment strategies. Semin Hematol 2012; 49(Suppl 1):
S33–S46.

54 Augustson BM, Begum G, Dunn JA, Barth NJ, Davies F, Morgan G et al.
Early mortality after diagnosis of multiple myeloma: analysis of patients entered
onto the United Kingdom Medical Research Council trials between 1980 and
2002—Medical Research Council Adult Leukaemia Working Party. J Clin Oncol
2005; 23: 9219–9226.

55 Palumbo A, Bringhen S, Ludwig H, Dimopoulos MA, Bladé J, Mateos MV et al.
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