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Abstract

Therapeutic re-challenge is currently a debated issue in the field of multiple myeloma (MM), given the recent availability of
several new drugs and combinations. However, very few specific evidences are available about bortezomib re-use at first relapse.
This multicenter, observational, retrospective study enrolled 134 MM patients with significant response after bortezomib-based
frontline regimens and who had received a first salvage treatment containing bortezomib at relapse. The overall response rate was
71%, including 40% partial responses, 24% very good partial responses, and 7% complete responses. Re-treatment was well-
tolerated, with no significant new or unexpected toxicities observed. The median duration of second progression-free survival
(PFS) was 15 months, while median PFS2 was 55 months. With a median follow-up of 56 months, overall survival was 94 months
for the entire series, without significant differences between patients undergoing or not undergoing transplant procedures. This
real-life survey indicates that re-treatment including bortezomib as a first salvage therapy could be still considered in MM patients
achieving durable response after initial exposure to bortezomib.
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Despite the improved responses and outcomes, thanks to the
introduction of several novel effective drugs and combinations,
multiple myeloma (MM) remains incurable, mainly due to
subsequent relapses that, ultimately, causes the death of pa-
tients [1, 2].

Given the availability of regulatory agencies approval in the
early 2000, bortezomib-based regimens are extensively used
worldwide in clinical practice as the backbone of first-line
therapy in younger, in transplant-eligible, and in older MM
patients [3—5]. The treatment choice at relapse should consider
the definition of patient characteristics, the efficacy of the pre-
vious treatment and its duration, and the toxicity observed,
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along with the availability of alternative therapies [6—8].
Generally, a progression occurring during therapy or early
after its discontinuation lays for a resistant disease, and a
change in drug class is necessary. By contrast, for late relapses,
although several alternative options are available today, a re-
challenge with the prior regimen might be still suitable.
Retrospective studies [9—13] and prospective trials [14—-16]
have suggested that bortezomib re-challenge is well-tolerated
and effective, resulting in substantial clinical response rates
with no additional or cumulative toxicity. However, very
few data are available on the efficacy of bortezomib re-
treatment at first relapse [13, 15]. Thus, the present study
aimed to investigate this specific setting of MM patients.

Patients and methods

This retrospective, real-life, observational study included MM
patients who had been treated initially (both in daily practice
and clinical trials) and at first relapse with a regimen contain-
ing bortezomib. After Local Ethic Committee approval, charts
of 134 MM eligible patients treated in 12 Italian centers from
January 2002 to May 2015 were reviewed. All procedures
followed were in accordance with the ethical standards of
the responsible committee on human experimentation (insti-
tutional and national) and with the Helsinki Declaration of
1975, as revised in 2008. Due to the restrospective, observa-
tional nature of the study and according to current Italian law,
obligatory informed consent was not necessary from all patients
for being included in the study.

Bortezomib-based treatments were performed according to
current clinical practice at local institutions. Response rates
were assessed by using updated IMWG criteria [17].
Adverse events were graded according to NCI CTCAE, v4.

Patients were considered eligible for the analysis if (i) at least
partial response (PR) was documented after first-line bortezomib-
containing therapies; (ii) > 2 cycles of bortezomib-based re-treat-
ment were administered. The overall response rate (ORR) at re-
lapse included only patients with at least PR. The per-protocol
population was evaluated for efficacy and safety; response rates
and descriptive statistics were calculated. Continuous variables
were reported as means and standard deviations or medians and
interquartile range, according to variable distribution. Categorical
variables were reported as count and percentage. Time-to-event
variables were represented with Kaplan—Meier plots and the log
rank test was used for comparison. Progression-free survival after
first-line therapy (PFS1), PFS after second-line therapy (second
PES), and PFS2 (defined as the time from the date of starting
first-line treatment to the date of disease progression or death
from any cause after second-line therapy), and overall survival
(OS) were evaluated. Statistical significance was defined as
p<0.05. Analyses were performed using package R version
3.2.3 (The R Project for Statistical Computing).
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Results

Table 1 summarizes patient characteristics at diagnosis and
details regarding first-line therapy. The mean age was 60.9 +
11.1 years. The median number of cycles during first-line
therapy was 4 (IQR 3-9): 4 (IQR 3-4), for patients who
underwent autologous stem cell transplantation (AuSCT)
and 8.5 (IQR 4-9), for those who did not. First-line therapy
consisted of VD (bortezomib + dexamethasone) 28%; VTD

Table 1  Clinical characteristics and treatments employed at diagnosis
Age (years)

Mean = SD 609+11.1
Sex, n (%)

Male 80 (59.7)
Female 54 (40.3)
ISS, n (%)

Stage | 40 (29.9)

Stage 11 41 (30.6)

Stage 111 53 (39.5)
r-ISS, n (%) (in 45 cases)

Stage 1 11 24.4)

Stage 11 20 (44.4)

Stage 111 14 (31.1)
First-line induction regimens, n (%)

VD 36 (26.9)
VTD 34 (254)
VMP 28 (20.9)
PAD 13 (9.7)
VCD 10 (7.1)
VMP + VCD 9(7)
VMPT 4(3)
Bortezomib schedule/route, 1 (%)

Twice a week 110 (82.1)

Once a week 24 (17.9)

Lv. 96 (71.6)

s.c. 38 (28.4)
AuSCT, n (%) (in 75 patients, 56%)

Single 54 (72)
Double 21(28)
Response, n (%)

ORR 100

PR 87 (64.9)
VGPR 20 (14.9)
CR 27 (20.2)

i.v.,, intravenous; s.c., subcutaneous; /SS, International Staging System; 7-
ISS, revised ISS; VD, bortezomib/dexamethasone; VTD, bortezomib/tha-
lidomide/dexamethasone; VMP, bortezomib/melphalan/prednisone; PAD,
bortezomib/doxorubicin/dexamethasone; VCD, bortezomib/cyclophos-
phamide/dexamethasone; VMPT, bortezomib/melphalan prednisone/tha-
lidomide; ORR, overall response rate; PR, partial response; VGPR, very
good partial response; CR, complete response
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(bortezomib + thalidomide + dexamethasone) 26%; VMP
(bortezomib + melphalan + prednisone) 21%; PAD
(bortezomib + doxorubicin + dexamethasone) 10%; VCD
(bortezomib + cyclophosphamide + dexamethasone) 6%;
VMP + VCD 6%; and VMPT (bortezomib + melphalan +
prednisone + thalidomide) 3%.

Most patients received twice-weekly bortezomib (82%) with
intravenous administrations (72%). A significant proportion of
patients were addressed to AuSCT after bortezomib-based in-
duction (56%); in particular, 72% of these patients received a
single-transplant procedure, 28% a tandem transplant.

Per inclusion criteria, all patients enrolled had to gain at
least a PR after first-line bortezomib-based therapy and no
patient progressed during or was resistant to such a treatment;
in this series, 35% of patients registered at least a very good
PR (VGPR) according to IMWG criteria, including 20% of
patients who reached a complete response (CR). The Median
PFS1 was 31 months (95% CI 27-36 months) (Fig. 1a). No
significant difference in terms of PFS1 comparing patients
undergoing or not undergoing AuSCT was found (35 months
vs 27 months, respectively; log rank test, p =0.3).

Table 2 summarizes main characteristics of patients at first
relapse. Of note, most patients (66%) showed an overt clinical
progression, according to IMWG criteria; the remaining 34%
had asymptomatic laboratory relapse. The median number of
bortezomib cycles during second-line therapy was 6 (IQR 2—
11). Second-line salvage regimens consisted of VD 43%; PAD
14%; VCD 11%; VTD 7%; BVD (bendamustine + bortezomib
+ dexamethasone) 7%; VMP 6%; VRD (bortezomib +
lenalidomide + dexamethasone) 4%; VRCD (bortezomib +
lenalidomide + cyclophosphamide + dexamethasone) 2%;
6% of patients were addressed to other bortezomib combina-
tions, including vorinostat, panobinostat, elotuzumab, and
masitinib.

Different from first line, most patients received once-
weekly bortezomib (73%) with subcutaneous administrations
(64%). Twenty-six patients (20%) received AuSCT as part of
their salvage therapy, 4 patients (3%) underwent allogeneic
SCT (AlloSCT), and 5 (4%) received a tandem sequence of
AuSCT followed by AlloSCT.

Response rates at the end of second-line therapy were as
follows: >PR in 71% of patients, > VGPR 24%, CR
(including stringent and near-CR) 7%. Of note, improvement
of renal failure in 14 patients with abnormal serum creatinine
levels (median values 2.2 mg/dl, IQR 1.9-3.2) was complete
in 4 and partial in 6 patients, respectively. Bone disease im-
provement was registered in 23/74 (31%) of patients with
progression of osteolytic lesions at time of bortezomib re-
treatment.

The median second PFS was 15 months (95% CI 11-22)
(Fig. 1b). The median PFS2 was 55 months (95% CI 48-60)
(Fig. 1c); it was 60 months (95% CI 48-70) for patients who
underwent AuSCT and 49 months (95% CI 42-58) for those

who did not (p 0.6). Median bortezomib-free interval (BFI)
between first and second treatments was 29.8 months (95%
CI 25.8-34.7) in the whole population, 27 months (95% CI
12.2-33.7) in non-responders, and 30.7 months (95% CI 25.8—
38.1) in responders. Response rates after first salvage therapy
were not influenced by type or sequence of treatment (grouping
combinations of bortezomib with dexamethasone alone,
alkilators, IMIDs, or doxorubicin), number of received cycles,
and length of BFI after frontline treatment (supplementary file).

The median OS was 94 months (95% CI 77-107) for the
entire series (Fig. 1d), 94 months (95% CI 76-107) for pa-
tients undergoing AuSCT, and 86 months (95% CI 68-98) for
those who did not receive AuSCT (p 0.9). After a median
follow-up of 56 months, 85 patients (63.4%) were still alive,
with 54 of them maintaining sustained response after second-
line, bortezomib-based therapies. No new or cumulative tox-
icities were observed when bortezomib was employed as first
salvage treatment (Table 2). Grade 3—4 hematological toxic-
ities occurred in 17% of patients and were mainly attributable
to myelotoxicity due to bortezomib partners (particularly mel-
phalan, bendamustine, lenalidomide, and doxorubicin). These
toxicities were easily managed and dose reductions were
needed in only 11% of patients. Infections (mainly pneumonia
and herpes zoster) represented the large majority of non-
hematological grade 3—4 toxicities (7%). No patient reported
grade 3/4 neuropathy, while a second primary malignancy
occurred.

Discussion

Given the growing availability of new drugs and combina-
tions, re-treatment has become a controversial issue in MM,
though it is still considered a possible therapeutic option for
selected groups of patients. For example, in a retrospective
recent analysis of 476 patients at first relapse, changing ther-
apy strategy did not result in significant clinical benefit in
patients who had not received maintenance therapy and in
those where PFS1 was longer than 27 months [7]. In particu-
lar, according to recent real-life data describing practice pat-
terns across European countries, it has been estimated that
47% of MM patients treated upfront with bortezomib-based
therapies still received regimens containing the same drug at
first relapse [18].

Data coming from different studies on relapsed/refractory
patients previously exposed to bortezomib treatment have
shown efficacy and good tolerance of bortezomib re-
treatment [9—16]. A recent meta-analysis of 1051 patients en-
rolled in 23 studies in which bortezomib re-treatment was
used as a single agent or in different combinations showed a
pooled, weighted average ORR of 39.1%, with a weighted
average median PFS and OS of 7.5 and 16.6 months, respec-
tively [19]. Notably, better results for relapsed but not
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Fig. 1 Survival curves of 134 multiple myeloma patients exposed frontline to bortezomib and re-treated with bortezomib-based regimens at first relapse.
a First progression-free survival. b Second progression-free survival. ¢ Progression-free survival 2. d Overall survival

refractory patients are addressed to bortezomib re-challenge
after fewer therapy lines, supporting the idea of best benefit of
early re-treatment during disease history for those patients
with a good response to previous exposure [16, 19]. As a
matter of fact, a recent report on a small group of 35
bortezomib-treated patients who received again bortezomib
at first relapse confirmed the remarkable efficacy of this ap-
proach (ORR 80%, median second PFS 15 months) [13].
Our experience allowed an extensive evaluation of early
bortezomib re-treatment, including a significantly higher
number of patients. Given the known impact of duration, as
well as of depth of first response in decision making process at
relapse, re-challenge seems to be a possible effective choice,
particularly for those patients achieving good and durable dis-
ease control after first-line bortezomib-based therapies [7].
Patients entering our study met these peculiar characteristics,
with a significant proportion of them reaching at leasta VGPR
at the end of first-line bortezomib (35%) and a median PFS1
of 33 months. In particular, in our series, bortezomib induction
followed by single or double AuSCT represented a very
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common first-line therapy with 56% of patients enrolled re-
ceiving upfront such a transplant procedure. However, we
were not able to identify any specific type or sequence of
treatment, among those employed, related to response after
bortezomib re-challenge.

There are a considerable number of evidences that combi-
nation regimens based on bortezomib + dexamethasone back-
bone are effective in relapsed setting [6, 8]. Bortezomib triplet
combinations were given in most of our patients at time of re-
treatment (57% of patients), possibly explaining for the aver-
age good response achieved. In detail, activity of bortezomib
was registered in most patients, with a final rate of at least PR
of 71% and 23% of patients obtaining at least VGPR (7%
CR). Disease control after re-challenge was confirmed by a
not negligible median second PFS of 15 months (Fig. 1b).
These findings were further consolidated by the assessment
of PFS2, which in our series was 55 months (Fig. 1c).
Interestingly, such results are not so different from those
achieved, for example, in the same setting of first-relapsed
patients with the combination of lenalidomide and
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Table 2  Second-line treatments (efficacy and toxicity)

Second-line regimens, n (%)

VD 58 (43.3)
PAD 18 (13. 4)
VCD 14 (10.4)
VTD 10 (74)
BVD 9(6.7)
VMP 7(5.5)
VRD 6(4.5)
VRCD 3(22)
Others 9(6.7)
Bortezomib schedule/route, 1 (%)

Twice a week 36 (26.9)
Once a week 98 (73.1)
L. 48 (35.8)
s.c. 86 (64.2)

Grade 34 toxicity, n (%)

Hematological * 23 (17.2)
Anemia 7(5.2)
Neutropenia 12 (8.9)
Thrombocytopenia 7(5.2)

Non-hematological 9(6.7)
Gastro-intestinal 2(1.5)
Infections 5@3.7)
Other 2(1.5)

Response, n (%)

ORR 95 (71)

PR 53 (39.6)

VGPR 32 (23.9)
CR 10 (7.5)

i.v., intravenous; s.c., subcutaneous; VD, bortezomib/dexamethasone;
PAD, bortezomib/doxorubicin/dexamethasone; VCD, bortezomib/cyclo-
phosphamide/dexamethasone; V7D, bortezomib/thalidomide/dexameth-
asone; BVD, bendamustine/bortezomib/dexamethasone; VMP,
bortezomib/melphalan/prednisone; VRD, bortezomib/lenalidomide/dexa-
methasone; VRCD, bortezomib/lenalidomide/cyclophosphamide/dexa-
methasone; ORR, overall response rate; PR, partial response; VGPR, very
good partial response; CR, complete response

*Three patients had two events at the same time

dexamethasone [20] or with triplets including next-generation
drugs, such as elotuzumab [21] or ixazomib [22], combined
with an IMID backbone. Other combinations, based on
carfilzomib [23-25] or daratumumab [26, 27], have demon-
strated a significant superiority; however, they may be also
burdened by a higher toxicity, as well as by a not negligible
economic impact, which would make them not affordable for
all patients and difficult to use in developing countries.

Of note, at the time of re-challenge, in our study, there was a
progressive switch from intravenous to the better tolerated sub-
cutaneous administration; once-weekly bortezomib was also
more commonly used with respect to first line. Subcutaneous

[28], as well as once-weekly [29] administrations, may help to
improve bortezomib tolerance; this may account for the limited
toxicity due to bortezomib registered in our study, with only a
small fraction of patients needing dose reduction. In particular,
when focusing on peripheral neuropathy, none of patients en-
rolled experienced grades 3—4 neurotoxicity.

In conclusion, at the best of our knowledge, this is the
largest experience so far on MM patients treated at first relapse
with bortezomib-based regimens as re-challenge. Our study
has, naturally, all the limits related to its retrospective nature
and to the heterogeneity of regimens applied, where the contri-
bution of other effective drugs remains, in particular, difficult to
evaluate. Notwithstanding, we show here that, despite the pro-
gressive availability in the routine clinical practice of novel
drugs that are rapidly changing the current armamentarium for
MM, bortezomib re-treatment could still represent an effective,
well-tolerated, and cost-saving choice for MM patients showing
sustained response after first-line, bortezomib-based therapies.
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