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A phase one trial of
carfilzomib, bendamustine,
and dexamethasone in
relapsed and/or refractory
multiple myeloma

To the Editor:

The incorporation of novel agents including immunomodulatory drugs
(IMiDs), proteasome inhibitors (Pls), and monoclonal antibodies (mAbs)
to myeloma treatment regimens have led to substantial gains in overall
survival in patients with multiple myeloma over the last 10-15 years.
However, alkylating agents remain an important option in the myeloma
therapeutic armamentarium, and their use in combination with novel
agents have shown to be an effective treatment strategy for both
newly diagnosed and relapsed and/or refractory myeloma patients.*

Bendamustine is an alkylating agent with a unique structure con-
taining both a nitrogen mustard group and a benzimidazole ring. The lat-
ter may also confer antimetabolite properties to bendamustine, which is
absent in other alkylator drugs commonly used in myeloma such as mel-
phalan and cyclophosphamide.? Moreover, mechanistic studies suggest
that bendamustine induces more extensive and durable double-
stranded DNA breaks compared to other alkylator drugs, possibly
through activation of a more complex base excision DNA repair path-
way rather than the alkyltransferase DNA repair mechanism.® The
safety and efficacy of bendamustine have been demonstrated in combi-
nation with IMiDs* and the first generation Pl bortezomib.> More
recently, the safety and efficacy of bendamustine in combination with
the irreversible second generation Pl carfilzomib have been reported in
newly diagnosed multiple myeloma patients.® We herein report the
results of a phase one investigator-initiated study of carfilzomib,
bendamustine, and dexamethasone in relapsed and/or refractory multi-
ple myeloma patients (RRMM) (NCT02095834).

In this two-part phase one study, RRMM patients with >1 prior
line of therapy were enrolled. In part one, patients received carfilzomib
20/27 mg/m2 on days 1, 2, 8, 9, 15, and 16, bendamustine 50 mg/m2
on days 1 and 2, and dexamethasone 20 mg on days 1, 2, 8, 9, 15, 16,
22, and 23 on a 28-day cycle at dose level one, with increasing doses
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of carfilzomib and bendamustine in a 3 + 3 dose-escalation (Table S1).
In part two of the study, enrollment of an additional 19 patients was
planned at the maximum tolerated dose (MTD). During cycles 4-12,
the dosing frequency of bendamustine decreased to day 1 only and
dexamethasone to days 1, 2, 15, and 16. Starting cycle 13, the dose
frequency of carfilzomib decreased to days 1, 2, 15, and 16 and
dexamethasone to days 1 and 2 only. Prophylactic granulocyte
colony-stimulating factor was not mandated per protocol. The study
was approved by the MD Anderson Cancer Center Institutional Review
Board and conducted in accordance with Declaration of Helsinki.

The primary endpoint of the study was to determine the MTD of
carfilzomib, bendamustine and dexamethasone with dose-limiting toxic-
ities (DLTs) assessed during the cycle one (28-day) DLT-evaluable period.
Safety and disease evaluations were conducted prior to each cycle of
therapy. Adverse events (AEs) were graded according to Common Termi-
nology Criteria for Adverse Events (CTCAE) Version 4.03. Disease
response and progression were assessed per International Myeloma
Working Group consensus criteria. The Kaplan-Meier method was used
to estimate time-to-event outcomes including progression-free survival
(PFS), duration of response (DOR), and overall survival (OS).

Between April 29, 2014 and October 14, 2016, 18 patients were
screened for the study, and 17 patients were eligible for participation
and treated on study. Baseline patient characteristics are summarized
in Table S2. The median age was 63 years and median prior lines of
therapy was four (range 1-12). A total of 14 (82%) patients were
refractory to lenalidomide, seven (41%) patients refractory to
pomalidomide, 12 (71%) patients refractory to bortezomib, six (35%)
patients refractory to carfilzomib, and 12 (71%) patients dual refrac-
tory to both IMiDs and Pls. High-risk FISH including del 17p, t(4;14), t
(14;16), +1g21, and/or -1p were present in seven (50%) out of 14
patients with evaluable FISH data.

In the part one dose-escalation phase, three patients each were
treated at dose levels one, two, and three, and there were no DLTs. At
dose level four, there were two DLTs among six patients treated includ-
ing one patient with grade three sinusitis, and one patient who had
a > 14 day delay to the start of cycle 2 day 1 due to grade three sinus
tachycardia. Subsequently, two additional patients were enrolled at
dose level three with no DLTs after which the study was prematurely
closed to new patient enrollment due to other competing studies.

Given that there were zero DLTs among five DLT-evaluable patients

TABLE 1 Overall response

treated at dose level three (and therefore a maximum potential <2
DLTs if all six patients had been enrolled to the cohort), dose level three
(carfilzomib 20/36 mg/m2 ondays 1, 2, 8, 9, 15, and 16, bendamustine
70 mg/m? on days 1 and 2, and dexamethasone 20 mg on days 1, 2,
8,9, 15, 16, 22, and 23) was determined to be the MTD.

The median number of cycles of treatment was 12 (range 2-64)
among all 17 patients treated on study. The most common treatment
emergent hematologic AEs of any grade included thrombocytopenia
(76%), leukopenia (53%), anemia (47%), and neutropenia (29%)
(Table S3). The most common grade 3/4 treatment emergent
hematologic AEs were thrombocytopenia (24%), leukopenia (18%),
and neutropenia (18%). The most common treatment emergent non-
hematologic AEs of any grade were cough (53%), fever (53%), and
hyperglycemia (53%), and the most frequent treatment emergent
grade 3/4 non-hematologic AEs were any infection (53%) and fatigue
(24%). Among AEs of special interest, peripheral neuropathy occurred
in 29% of patients, including three grade two events and one grade
three event, although all four of these patients had baseline grade one
peripheral neuropathy. Heart failure occurred in one patient (grade
three) at dose level three. The most common reason for treatment dis-
continuation was disease progression (N = 10), followed by adverse
events (N = 3), which included grade three anaphylaxis to
bendamustine at dose level two, grade three vomiting at dose level
four, and grade three fatigue at dose level four. Other reasons for
treatment discontinuation were withdrawal of consent (N = 2), lost to
follow-up (N = 1), and treating physician discretion (N = 1). There
were no patient deaths during the study.

Among 17 response-evaluable patients treated on study, the
overall response rate (ORR, > partial response) was 88% and > very
good partial response (VGPR) rate was 53% (Table 1). The clinical ben-
efit rate (> minimal response) was 94%. The ORR at the MTD (dose
level three) among five patients was 100% including four (80%)
patients achieving a VGPR. Among 15 patients with > PR, median
duration of response was 14.8 months (95% Cl 11.7, NA). Median
PFS for all patients treated on study was 15.1 months (95% CI 11.1,
NA) (Figure S1). Median PFS was 18.2 months (95% Cl 12.7, NA)
among six patients with 1-3 lines of prior therapy and 15.1 months
(95% Cl 4.8, NA) among 11 patients with >3 lines of prior therapy.
Among 12 dual refractory patients, median PFS was 11.1 months
(95% Cl 5.8, NA). Among seven patients with high-risk FISH, median

Dose Levels 1 & 2 Dose Level 3 (MTD) Dose Level 4

N=6 N=5 N=6

All Dose Levels Car 20/27 mg/m? Car 20/36 mg/m? Car 20/45 mg/m?

N=17 Benda 50-70 mg/m? Benda 70 mg/m? Benda 70 mg/m?

SCR/CR, N (%) 1 (6%) 1 (17%) 0 (0%) 0 (0%)

VGPR, N (%) 8 (47%) 2 (33%) 4 (80%) 2 (33%)
PR, N (%) 6 (35%) 3 (50%) 1 (20%) 2 (33%)
MR, N (%) 1 (6%) 0 (0%) 0 (0%) 1 (17%)
ORR (>PR), N (%) 15 (88%) 6 (100%) 5 (100%) 4(67%)
CBR (>MR), N (%) 16 (94%) 6 (100%) 5 (100%) 5 (83%)

Abbreviations: Benda, bendamustine; Car, carfilzomib; CBR, clinical benefit rate; CR, complete response; CR, stringent CR; MR, minimal response; MTD,
maximum tolerated dose; ORR, overall response rate; PR, partial response; VGPR, very good partial response.
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PFS was 6.3 months (95% Cl 2.7, NA) compared to 19.4 months (95%
Cl 17.1, NA) among seven patients without high-risk FISH. Median
OS for all patients treated on study was 56.3 months (95% CI 35.3,
NA) at a median follow-up of 56.7 months (Figure S2).

In this phase one study, we demonstrate the safety and preliminary
efficacy of the combination of carfilzomib, bendamustine, and dexameth-
asone in RRMM. The MTD for this study was established at lower doses
of carfilzomib and bendamustine compared to a recent phase one study
evaluating this combination in newly diagnosed myeloma patients.® In
that study, the MTD was established at bendamustine 90 mg/m? on
days 1 and 2, carfilzomib 20/56 mg/m? on days 1, 2, 8, 9, 15, and
16, and dexamethasone 20 mg on days 1, 2, 8, 9, 15, 16, 22, and 23 on a
28-day cycle. The lower MTD doses of bendamustine (70 mg/m?) and
carfilzomib (20/36 mg/m?) in this study is likely explained by the differ-
ent study populations, as the current study enrolled a heavily pretreated
RRMM population with a median of four lines of prior therapy.

The most common grade 3/4 AEs included thrombocytopenia, leu-
kopenia, neutropenia, infection, and fatigue which was a predictable and
manageable safety profile based on the known toxicities related to
carfilzomib and bendamustine. Notably, four out of the nine grade three
infections occurred among the six patients who received treatment at
dose level four, which was one dose level higher than the final MTD.
The ORR of 88%, > VGPR rate of 53%, and median duration of response
of 14.8 months suggests that this regimen has encouraging therapeutic
activity in heavily pretreated patients with a median of four lines of prior
therapy including dual-refractory and carfilzomib-refractory patients.
Limitations of this study include the small number and heterogeneity of
patients enrolled on study, the premature closure of the study which lim-
ited further safety and efficacy evaluation at the MTD, and the low num-
ber of patients who received prior mAb-based therapy (one patient each
was refractory to daratumumab and elotuzumab).

In summary, we establish the MTD of the combination of
carfilzomib, bendamustine, and dexamethasone in RRMM and demon-
strate its encouraging preliminary efficacy in this phase one study.
These data suggest that carfilzomib in combination with the alkylating
agent bendamustine may be a useful and relevant treatment option in
this patient population.
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Clinical, genomic, and
transcriptomic differences
between myelodysplastic
syndrome/myeloproliferative
neoplasm with ring
sideroblasts and
thrombocytosis (MDS/MPN-
RS-T) and myelodysplastic
syndrome with ring
sideroblasts (MDS-RS)

To the Editor:

Myelodysplastic syndrome/myeloproliferative neoplasm with ring
sideroblasts and thrombocytosis (MDS/MPN-RS-T), initially recog-
nized as the provisional entity refractory anemia with ring sideroblasts
and thrombocytosis (RARS-T),! is a disease entity characterized by
anemia, bone marrow dysplasia with ring sideroblasts, and persistent
thrombocytosis >450 x 10°/L with proliferation of large and morpho-
logically atypical megakaryocytes.? Next-generation sequencing (NGS)
has identified recurrent somatic mutations in SF3B1, JAK2, and other
genes providing further evidence of the clonal nature of this dis-
ease.>* Despite clinical, histological, and molecular similarities with
MDS with ring sideroblasts (MDS-RS),” the clinical outcomes of these
entities are different. Although the presence of SF3B1 mutations in
the context of >15% bone marrow ring sideroblasts supports the diag-
nosis of MDS/MPN-RS-T, the degree of thrombocytosis is variable,
and the current diagnostic cutoff for RS percentage and platelet count
leads to diagnostic challenges and might not be reflective of underly-
ing disease biology.® To date, there is no data evaluating specific func-
tional pathways that might explain phenotypic and clinical differences
beyond diverse frequencies of JAK2 mutations.

In order to evaluate the clinical and genomic features of
MDS/MPN-RS-T, we evaluated all patients with MDS/MPN-RS-T
treated at the University of Texas MD Anderson Cancer Center
(MDACC) from 2000-2020. Diagnosis was based on WHO 2017
criteria and confirmed by two independent hematopathologists. In
addition, and in order to compare the clinical and genomic features of
MDS/MPN-RS-T with those of MDS-RS, we evaluated a cohort
of 88 patients with MDS-RS treated at MDACC during the same time
period. Whole bone marrow DNA was subject to 81-gene targeted
NGS analysis in 24 patients (46%) with MDS/MPN-RS-T and
27 (31%) patients with MDS-RS (Table S1). To evaluate the trans-
criptomic differences of MDS/MPN-RS-T and MDS-RS, CD34+ cells
from bone marrow samples of four patients with MDS/MPN-RS-T,
seven patients with MDS-RS, and 17 healthy individuals obtained
from AllCells (Emeryville, CA) were isolated using the CD34 Micro-
Bead Kit and RNA was isolated using the PicoPure RNA isolation kit,
following manufacturer's instructions. Fastq files were mapped to the
human genome (build GRCh38) in TopHat2 using the default options.
Differential gene expression analysis was conducted using DESeq2 in
R version 3.6.2. Pathway enrichment analysis was performed using
gene set enrichment analysis, with the fgsea library in R.

A total of 52 patients met diagnostic criteria of MDS/MPN-RS-T.
The median age was 66 years (range 51-80), median platelets, hemo-
globin, erythropoietin and LDH levels were 575 x 107/L, 9.2 g/dL,
41.6 I1U/L, 504 IU/L, respectively. A total of 24 (38%) patients
received therapy including hydroxyurea (n = 17), erythroid stimulating
agents (n = 17), anagrelide (angrelide hydrochloride) (n = 8),
lenalidomide (n = 8) or hypomethylating agents (HMA) (n = 16).
Patients receiving HMAs had received a median of two prior therapies
(range 0-5). Nine patients (75%) received azacitidine (of which one
was in conjunction with ruxolitinib), two patients (17%) received deci-

tabine, and one patient (8%) received decitabine and then azacitidine
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