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Abstract

Introduction Patients with triple-class refractory (TCR) multiple myeloma (MM) often need cytoreductive chemotherapy
for rapid disease control. Bendamustine is an outpatient-administered, bifunctional alkylator and isatuximab is an anti-CD38
monoclonal antibody with unique cytotoxicity characteristics. We hypothesized that isatuximab-bendamustine-prednisone
would be well-tolerated regimen in TCR MM, and conducted single-center, phase Ib, investigator-initiated study.
Patients/Methods Patients had TCR MM and last daratumumab exposure > 6 weeks. This study was conducted as a 3+3
design to establish the maximally tolerated dose (MTD) and/or recommended phase 2 dose (RP2D). Isatuximab 10 mg/kg
IV was administered weekly (cycle 1), and every 2 weeks thereafter. Bendamustine was administered on days 1 and 2 at 3
dose levels (DL): 50, 75, and 100 mg/m?. Methylprednisolone was administered as 125 mg on day 1 and prednisone 60 mg
days 2—4. Common definitions were used for DLTs, adverse events (CTCAE v 5.0), and disease response.

Results Fifteen patients were treated (3 DL1, 6 DL2, 6 DL3). Median age was 71, 53% had high-risk cytogenetics, and
34% had prior BCMA-targeting therapy. One DLT was observed at DL2 (Grade 3 thrombocytopenia plus bleeding). There
were no Grade 5 treatment-related AEs. The MTD was not reached. The overall response rate was 20% (3/15) including one
stringent complete response. The median PFS was 2.5 months (95% CI 0.9—-4.1 months).

Conclusion We demonstrated the safety and tolerability of isatuximab-bendamustine-prednisone. Toxicities were mild and
manageable with limited intervention. The study was discontinued due to slow accrual. However, we observed responses
even among highly refractory patients.

Clinical trial registration This study was registered on clinicaltrials.gov as NCT04083898 on 9/6/2019.

Keywords Relapsed/refractory multiple myeloma - Bendamustine - Isatuximab - Triple-class refractory multiple
myeloma - Chemoimmunotherapy - Outpatient

Introduction

Over the past 50 years, prognosis for patients with mul-
tiple myeloma has enjoyed steady improvement, with the
estimated overall survival of patients improving from a
dismal 1-2 years in the 1980s to over a decade today [1].
Scott R. Goldsmith and Michael J. Slade contributed equally to this However, patients with disease progression on at least one
work. immunomodulatory drug (IMID), proteasome inhibitor (PI)
and anti-CD38 antibody (i.e. triple class refractory disease
(TCR)) still have a grim prognosis with an overall response
rate (ORR) of 25% and median PFS of 3.9 in the prospec-
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patients treated today will meet the criteria of TCR after
1-2 lines of therapy (LOT) [4—6]. While bispecific T-cell
engagers (TCEs) and chimeric antigen receptor (CAR) T
cells have shown impressive results in relapsed/refractory
MM, global access is lacking [7-12]. In addition, despite
improved manufacturing capacity, vein-to-vein time for
CAR T cell therapy remain approximately 1-2 months [13].
Consequently, effective therapies for patients with TCR
myeloma who are not eligible for or lack access to cutting
edge immunotherapy remains an unmet medical need.

While they have been largely supplanted as part of front-
line therapy, cytotoxic chemotherapy regimens remain useful
tools in highly refractory patients in need of disease control
for the purposes cytoreduction, palliation, or bridging to
subsequent advanced therapies. However, common chemo-
therapy regimens such as high-dose cyclophosphamide (HD
Cy), dexamethasone-cyclophosphamide-etoposide-cisplatin
(DCEP) and other infusional or hyperfractionated regimens
generally require inpatient admission and significant sup-
portive care for notable hematologic and non-hematologic
toxicities. Our single-center retrospective analysis of DCEP
in TCR MM identified a 16% incidence of Grade 3—5 febrile
neutropenia/sepsis with a confirmed infectious etiology
[14]. Within the same analysis, we observed that bendamus-
tine plus a corticosteroid was active (27% overall response
rate) in this population with a more favorable toxicity pro-
file and feasible outpatient administration, highlighting its
potential as a backbone regimen for novel chemoimmuno-
therapeutic combinations.

Isatuximab is an anti-CD38 IgG-« chimeric monoclonal
antibody (mAb) approved in combinations with carfilzomib-
dexamethasone and pomalidomide-dexamethasone [15].
It binds an epitope that is distinct from the daratumumab
binding site [16]. Additionally, while the cytotoxicity of
daratumumab hinges on Fc-dependent immune effector
mechanisms, isatuximab can additionally induce direct
apoptosis in the absence of secondary crosslinking, as well
as inhibit CD38 ectoenzyme activity [17]. While these dif-
ferences suggest possible activity of isatuximab in a daratu-
mumab-refractory population, a phase 1/2 study examining
isatuximab monotherapy in such a population did not yield
any objective responses, and such patients were excluded
from pivotal trials [18].

Given the mechanistic similarities between rituximab
and isatuximab, the success and tolerability of bendamus-
tine-rituximab in non-Hodgkin lymphomas, our experi-
ence with bendamustine in heavily-pretreated MM, and
the unmet need for a tolerable, outpatient chemoimmuno-
therapy for MM, we undertook a prospective, single center
phase Ib trial to investigate the combination of isatuximab,
bendamustine and prednisone in patients with triple class
refractory MM.
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Materials and methods
Trial design

This trial was designed as a single center phase Ib/Il seam-
less trial design. The phase I portion of the trial employed
a 3+3 design with a maximum targeted enrollment of 18
patients over three dose levels. The objective of the phase
I trial was to demonstrate safety and tolerability and define
a maximum tolerated dose (MTD) and/or recommended
phase 2 dose (RP2D). By design, the phase II cohort analy-
sis includes the patients in the phase I cohort receiving the
MTD (n=06) and up to 19 additional patients. Due to slow
accrual and changing landscape of MM therapies, the study
was ended after the phase Ib portion. This investigator-initi-
ated study was funded by Sanofi. The trial was registered at
clinicaltrials.gov (NCT04083898) and performed in accor-
dance with the Declaration of Helsinki.

Patients

The study included patients with a history of relapsed/
refractory multiple myeloma previously treated with a PI,
IMID and daratumumab and were refractory or intolerant to
these agents per IMWG criteria. All patients were required
to be at least 6 weeks from their last dose of daratumumab
at time of study screening, and were required to have ade-
quate bone marrow and organ function, including creati-
nine clearance > 30 ml/min. Patients with prior exposure to
isatuximab or bendamustine were excluded. In addition,
patients requiring renal replacement therapy and those with
a history of plasma cell leukemia, central nervous system
involvement or concurrent malignancy requiring treatment
were also excluded. Full inclusion and exclusion criteria are
included in the Supplementary appendix.

Procedures

All patients received isatuximab (10 mg/kg) intravenously
(IV)ondays 1, 8, 15 and 22 of cycle 1 and on days 1 and 15
of subsequent cycles. Standard pre-medications and post-
infusion monitoring were administered with each dose of
isatuximab (Supplementary appendix). Bendamustine was
administered on days 1 and 2 of each cycle at the specified
dose level (Level 1: 50 mg/m?, Level 2: 75 mg/m?, Level 3:
100 mg/m?). In addition, all patients received methylpred-
nisolone 100 mg IV on day 1 and prednisone 60 mg daily on
days 2—4 of each cycle. All patients were required to receive
prophylaxis for herpes simplex/varicella zoster reactivation
and peptic ulcer disease during the duration of the study.
All other supportive care was performed per institutional
practice.
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Definitions and outcomes

High-risk cytogenetics were defined as t(4;14), t(14;16),
del(17p) and/or amplification of 1q. Treatment refrac-
toriness was defined as progression while on therapy or
within 60 days of the last dose of treatment [19]. TCR was
defined as disease refractoriness to at least one IMID, PI
and anti-CD38 antibody, while penta-drug refractory dis-
ease (PDR) required refractoriness to two IMIDs, two Pls
and anti-CD38 antibody. Response criteria were defined per
the 2016 criteria from the International Myeloma Working
Group [20]. Overall response rate (ORR) was defined as
a partial response or better as best response. The clinical
benefit rate (CBR) was defined as stable disease or better
as best response. All time-to-event end points, including
progression-free survival (PFS) and overall survival (OS)
were defined as time from start of therapy.

Adverse events were defined per the Common Termi-
nology Criteria for Adverse Events (CTCAE), version 5.0.
A dose limiting toxicity (DLT) was defined as a treatment
emergent toxicity occurring during cycle 1 that met any of
the following criteria: grade 4 anemia not explained by the
underlying disease, grade 4 thrombocytopenia (or grade 3
with significant bleeding), grade 4 neutropenia (or grade 3
with febrile neutropenia), any grade 3 or greater non-hema-
tologic toxicity and any non-hematologic toxicity requiring
dose reduction or treatment delay > 14 days at or prior to
cycle 2 day 1. The MTD was to be defined as the dose level
below that at which two DLTs occur, assuming six patients
were treated at the MTD. The RP2D was defined as the
MTD, or in the absence of detected an MTD, the highest
dose-level assessed.

All patients who received at least one dose of study treat-
ment were evaluable for toxicity and were followed for 30

20 patients screen for study

5 patients ineligible

15 started Isa + Benda treatment

15 discontinued therapy
Progression (13)
Toxicity (2)

0 remain Isa + Benda
at end of study

Fig. 1 Consort diagram of patient enrollment

days after study completion or death, whichever was sooner.
Patients were considered evaluable for disease response
unless they discontinued treatment prior to completion of
cycle 2 and did not have a disease assessment prior to treat-
ment discontinuation.

Statistical considerations

All analyses were descriptive in nature. The characteristics
of the cohort and observed toxicities were summarized.
ORR, PFS, and OS were calculated with corresponding
95% confidence intervals (CI).

Results
Patient characteristics

Twenty patients who provided informed consent were
screened for study inclusion and 15 were enrolled between
June 2020 and February 2023 (Fig. 1). All 15 patients were
enrolled in the dose escalation phase.

Baseline characteristics are presented in Table 1. In the
overall cohort, the median age at registration was 71 years
(range: 56-85), 67% were male and 87% were white. The
median ECOG was 1 (range: 0-2). Eight patients (53%) had
extramedullary disease (EMD) at study entry, including 8
with soft tissue involvement only and one with both soft tis-
sue and paramedullary disease. High-risk cytogenetics were
present in 5 patients and 3 additional patients had gain(1q).
The median time from diagnosis to trial enrollment was 38
months (range: 9—160).

Nine patients had previously undergone autologous
hematopoietic cell transplantation (AHCT), including 6 in
first remission and 3 as salvage therapy. None had under-
gone more than 1 AHCTs, but one patient subsequently
received CAR T cells. The median number of prior LOT
was 3 (range: 2-9). Thirteen patients (87%) were TCR, two
additional patients had IMID intolerance but were refrac-
tory to PIs and daratumumab. Eleven patients (73%) were
penta-drug exposed and no patients were penta-drug refrac-
tory. The median time from prior anti-CD38 antibody ther-
apy to study enrollment was 40 weeks (range: 6—168). Five
patients had received prior BCMA-directed therapy, includ-
ing bispecific antibodies (4) and CAR T cells (1).

Dose escalation and treatment toxicity
During dose escalation, three patients were enrolled on
dose level 1 (bendamustine 50 mg/m?) and six patients

were enrolled each on dose levels 2 (75 mg/m?) and 3 (100
mg/m?). One DLT was observed at dose level two (grade 3

@ Springer
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Table 1 Patient demographics and clinical characteristics

Patients N=15
Age - median (range) 71 (56-85)
Male - n (%) 10 (67)
White - n (%) 13 (87)
ECOG - median (range) 1(0-2)
M-Protein Isotype - n (%)

IeG 8(53)

IgA 2(13)

Light chain 5(33)
Time from Diagnosis- months (median, range) 38 (9-160)
ISS Stage - n (%)

Stage 1 2(13)

Stage 11 3 (20)

Stage 111 4(27)

Unknown 6 (40)
R-ISS Stage - n (%)

Stage 1 1(7)

Stage 11 7 (47)

Stage 111 1(7)

Unknown 6 (40)
High Risk Cytogenetics 5(33)

High Risk including gain(1q) 8(53)
Extramedullary Disease 8(53)
Prior LoT - median (range) 3(2-9)
Time from prior CD38 ab - weeks (median, range) 40 (6-168)
Triple Class Exposed - n (%) 15 (100)
Triple Class Refractory - n (%) 13 (87)
Penta Drug Exposed - n (%) 11 (73)
Prior AHCT - n (%) 9 (60)
Prior Bispecific Antibody - n (%) 4(27)

Prior CAR T Cell - n (%) 1(7)
Prior XRT - n (%) 9 (60)

thrombocytopenia with bleeding complications). No DLTs
were observed at dose level three. Consequently, dose level
3 (100 mg/m?) was selected as the RP2D.

All patients had at least one grade 3—4 AE. Two patients
discontinued therapy due to AEs, including one patient with
the DLT described above and one patient who was diag-
nosed with hemolymphophagocytic histiocytosis (HLH)
thought to be unrelated to study treatment due to presence
of HLH symptoms prior to treatment initiation. The other 13
patients discontinued due to disease progression.

The most common grade 3-4 AEs were hematologic,
including decreased lymphocytes (93%), leukocytes (53%),
neutrophils (27%) and platelets (33%), as well as anemia
(33%). Common non-hematologic adverse events grade
3-4 AEs included anorexia (27%), hypertension (27%)
and respiratory infections (40%). No other grade 3—4 AEs
occurred in more than two study patients. Three patients
had isatuximab-related infusion reactions, all during the first
dose of isatuximab. Infusion reactions were mild (grade 1 or
2) and responded to supportive measures with resumption of
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isatuximab the same day. Notably, one patient experienced
febrile neutropenia and received growth factor support with
G-CSF, but no other patients required growth factors during
the study period. Two patients required platelet transfusion,
one due to HLH and one due to grade 3 thrombocytopenia
with bleeding. Two grade 5 AEs occurred during the study
period: one patient presented with a COVID infection three
weeks after progression and died of respiratory failure and
the patient who came off study for HLH died of sepsis three
weeks later. A full summary of the adverse events is avail-
able in the Supplementary Material.

Response to therapy

All 15 patients were considered evaluable by study crite-
ria. Enrolled patients received a median of 3 cycles of treat-
ment (range: 1-13). The ORR was 20% (3/15; 95% C.I 4%
—48%) (Figs. 2A and 3A]). No responses were seen on
dose level 1 but one (17%) was observed on dose level 2
and two (33%) on dose level 3. All patients achieved their
best responses after 1 cycle of therapy. The CBR was 80%
(12/15; 95% C.1 52% —96%) overall, including 100% (3/3)
in dose level 1, 66% (4/6) in dose level 2 and 83% (5/6) in
dose level 3.

Of the 8 patients with EMD at study entry, 6 had EMD-
specific response assessment by imaging and/or exam. Two
patients had stable disease by imaging and 3 patients had
a significant (>50%) reduction in the size of one or more
lesion. One patient had a> 50% reduction in the size of the
EMD by exam. A second patient had 2 sites of EMD, with
marked improvement (>50%) reduction in one mass and
stable disease in the other after 2 cycles of therapy. A third
patient had complete resolution of a 7.0 x 3.7 cm trapezius
mass on follow up PET scan, but relapsed in her subcutane-
ous tissue 9.4 months after starting therapy (Fig. 3B).

Relapse, progression-free and overall survival

At time of analysis, 13 patients had relapsed at a median
of 2.5 months (range: 0.9-11.7)from initiation of therapy.
The median PFS was 2.5 months (95% CI 0.9—4.1 months)
(Fig. 2B). At last follow up, 12 patients had died from dis-
ease (n=6), COVID-19 (3) or infection (3). The median OS
was 6.9 months (95% C.I 4.7-9.2) within the entire cohort
(Fig. 2C).

Subsequent therapy

Following completion of study treatment, 13 patients
received subsequent anti-myeloma therapy (Supplemental
Table 2) with a median of 1 (range: 1-6) additional lines.
In these patients, the median time to next therapy was
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Fig.2 A-C: Response to therapy.
A shows response rates by
IMWG Ceriteria. Though no
responses were seen at dose
level 1, all patients had stable
disease after at least one cycle
of therapy. Overall response rate
(ORR) improved from dose level
1 (0%) to dose level 2 (17%) to
dose level 3 (33%). The ORR for
the combined cohort was 20%.
Analysis of PFS (B) and OS (C)
show outcomes comparable with
other non-immunotherapy based
approaches in relapsed/refractory
myeloma, with a median PFS of
2.5 months and OS of 6.9 months
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Fig. 3 A & B: Treatment response. A shows a swimmer plot for
treatment response and duration in the entire cohort. B shows base-
line (panel A) and follow up (panel B) imaging for patient IBP-20, a
58-year-old woman with penta-drug exposed disease and prior anti-
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BCMA CAR T cell therapy who enrolled on the study as sixth line
therapy in the setting of extramedullary relapse. The patient had an
exceptional response with a stringent CR by IMWG criteria and com-
plete resolution of their extramedullary disease
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3.3 months (range: 1.4—-12.5). Six patients received T-cell
engager (TCE) therapy as part of a later line of therapy.
Response evaluable patients received a median of 8 cycles
(range: 1-20) with 3/5 patients (60%) experiencing a
response. No patients have gone on to CAR T cell as a later
line of therapy.

Discussion

Herein, we report the results of a prospective phase Ib trial
of an outpatient chemoimmunoptherapy regimen combin-
ing isatuximab with bendamustine and prednisone (IBp).
Out of the 15 participants treated during the dose escalation
phase, only one experienced a DLT. Therefore, the MTD
remained undefined and the RP2D was determined to be
bendamustine at 100 mg/m?* on days 1 and 2 of each cycle
with isatuximab dosed conventionally. The toxicity profile
was predictable, with grade 3—4 AEs predominantly hemato-
logic in nature and manageable, with minimal transfusion or
growth factor support. Infectious complications were com-
mon (16 infections in 9 patients, 60%) but generally mild
(5 grade>3 infections in 5 patients, 33%) despite patients
receiving our institutional standard supportive measures of
HSV prophylaxis without anti-bacterial prophylaxis, anti-
pneumocystis prophylaxis or pre-emptive immunoglobulin
replacement. Respiratory infections, a common AE asso-
ciated with CD38-targeting antibodies, were the majority
of the infectious complications (9 infections (including
3 COVID-19 infections) in 6 patients, 56% of total infec-
tions) including severe infections (4 grade >3 infections in
4 patients, 80% of severe infections).

Three patients (20%) achieved an objective response,
which is markedly inferior to outcomes with TCE and CAR
T cell therapy. Two of six patients (33%) receiving the RP2D
responded, which is similar to other traditional combination
approaches in relapsed/refractory multiple myeloma. Nota-
bly, most patients (80%) experienced a period of disease
stability, with the median PFS of 2.5 months. A high pro-
portion of participants had EMD which did not decrease in
size by 50% but remained stable or improved modestly with
treatment. We did observe one patient with an exceptional
response, who achieved a stringent complete response last-
ing 9.4 months and complete resolution of their EMD, as
well as two other patients with documented improvement
in at least one site of EMD. In patients without disease pro-
gression, multiple cycles of therapy were tolerable, with 5
patients (33%) remaining on study for >3 months and only
1 study patient (7%) discontinuing therapy due to treatment
toxicity.

Conventional cytotoxic chemotherapy has a limited
role in the current management of MM. Predominantly,

chemotherapy regimens are deployed for rapid cytoreduc-
tion in the setting of high marrow burden or symptomatic
EMD, for the purposes of palliation or more recently for
bridging to more promising advanced therapies such as
CAR T and TCEs. Responses tend to be transient and tox-
icities significant. Additionally, there is paucity of quality
evidence as most data are derived from small, retrospective
studies. In a retrospective study of salvage DCEP among
patients refractory to PIs and IMIDs, Park et al. (2013)
reported a 91.5% incidence of Grade 3—4 neutropenia with
treatment-related mortality (TRM) of 14.8%, mainly infec-
tious [21]. A single-institution retrospective study of regi-
mens with hyperfractionated cyclophosphamide backbone
demonstrated reasonable responses with PFS of about 3
months, although rehospitalization rates of 52-77% and
TRM up to 19% [22]. Griffin et al. retrospectively compared
three infusional chemotherapy regimens which had com-
parable efficacy and safety, all associated with relatively
high rates of rehospitalization (34%), febrile neutropenia
(37%), and TRM (7%) [23]. These experiences highlight
the unfilled niche for an active MM cytoreductive regimen
that provides a better balance between efficacy, tolerability,
and resource utilization. Our study suggests lower doses of
bendamustine (50 and 75 mg/m?) are associated with low
response rates (11%, 1/9) in this combination and patients
should be treated with > 100 mg/m? to maximize the chance
of response, which was 33% (2/6 patients) in our study. We
observed responses regardless of cytogenetic risk, EMD
and prior therapy, including one exceptional responder with
t(4;14), EMD and prior CAR T cell therapy. Unfortunately,
due to slow accrual, our clinical trial of IBp did not advance
to the phase II portion to further evaluate the efficacy signal.
Our study opened April 2020 and slow accrual was multi-
factorial, driven initially by limited trial enrollment during
the COVID-19 pandemic and the FDA approval of multiple
other agents for patients with RRMM.

Significant questions regarding this regimen remain,
which could be evaluated in future retrospective and pro-
spective studies. In particular, more data is needed on the
impact of bendamustine-based therapy on subsequent TCE
and CAR T cell therapy. Bendamustine is generally avoided
prior to leukapheresis for CAR T cell manufacturing due
to reports of poor outcomes with this combination (cite).
However, while only five patients in our trial received sub-
sequent TCE after disease progression, their ORR (60%)
to TCE was comparable to that seen in pivotal trials, sug-
gesting that the bendamustine exposure does not impact
subsequent TCE efficacy [11, 12, 24]. Future retrospective
analyses are needed to better define the risk for poor out-
comes with T-cell based immunotherapy after bendamustine
exposure and the optimal washout period.
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Prospective studies of bendamustine-based regimens
(including IBp) may still have a place in the new age of
myeloma immunotherapy. We and others have used benda-
mustine as part of a lymphodepleting chemotherapy prior
to CAR T during times of fludarabine shortage, without a
clear detrimental impact on subsequent CAR T outcomes
[25, 26]. Since CD38 is restricted to mature plasma cells,
the addition of isatuximab to bendamustine for pre-CAR
T cell lymphodepletion could augment T cell response and
is a concept that may warrant prospective study. In addi-
tion, patients who do not respond or progress rapidly after
these therapies continue to have dismal outcomes and novel
approaches are needed, which may include chemoimmuno-
therapy combinations.

In conclusion, we demonstrated the safety and tolerabil-
ity of isatuximab-bendamustine-prednisone with a RP2D of
bendamustine at 100 mg/m?* on days 1 and 2 of each cycle
with conventionally dosed isatuximab and minimal sup-
portive care requirements. The ORR at the R2PD (33%)
was similar to other non-T cell immunotherapy approaches
in this space, but the study was closed early due to poor
accrual. Our experience highlights the challenges of per-
forming clinical trials in this rapidly evolving field, where
sequential FDA approvals have led to a marked increase in
available standard-of-care agents for patients with RRMM
from the initiation (2019) to closure (2023) of this study.
This embarrassment of riches is an unabashed victory for
patients with myeloma and physicians who care for them.
Design of clinical trials in the future should explore novel
approaches (such as platform designs) to incorporate
advances in treatment during the period of study enrollment
and keep pace with the changing standard of care.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00277-
024-05975-7.
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