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Abstract

We report the final results from a multicenter, open-label phase I study of carfilzomib plus lenalidomide and dexamethasone in
Japanese patients with heavily pretreated relapsed and/or refractory multiple myeloma (RRMM). Twenty-six RRMM patients
were enrolled and received a median of 4.0 prior regimens; 12/26 patients (46.2%) completed the planned 18 administra-
tion cycles (mean number of cycles: 14.5 +4.9). The safety profile was consistent with that of previous carfilzomib studies.
All patients experienced adverse events (AEs), but no new safety concerns were observed. The most common grade >3
AEs (incidence: > 10%) were lymphocyte count decreased (46.2%), platelet count decreased (42.3%), and neutrophil count
decreased (34.6%). The overall response rate was 88.5% (23/26; 90% confidence interval: 72.8-96.8). Complete response
(CR) or better was achieved by 30.8% of patients compared with 3.8% in the interim analysis. The median time to CR or bet-
ter response was 9.4 months. Median progression-free survival and duration of response were 19.5 months and 20.3 months,
respectively. Median overall survival was not reached. Long-term administration of carfilzomib produced deep response and
long-term disease control. The combination of carfilzomib plus lenalidomide and dexamethasone was well tolerated and
showed promising clinical efficacy for heavily pretreated RRMM patients.

Clinical trial registration This clinical trial was registered in the database clinicaltrials.jp (clinical trial registration number:
Japic CTI 142677).
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Introduction

Recently, various novel therapies, such as proteasome
inhibitors and immunomodulators, were approved for the
treatment of multiple myeloma (MM) [1, 2]. As a result of
the introduction of such new drugs, the life expectancy of
patients with MM has increased. Improvement of overall
survival (OS) of newly diagnosed patients has been seen
in the last decade [3]. Despite the efficacy of these and
other novel treatments, MM remains incurable for many
patients who experience relapse, even after a period of
disease control or remission [1, 3, 4]. Thus, there is an
ongoing need for the development of novel therapies to
be used as single agents or in combination with existing
agents. Moreover, additional research is required to opti-
mize treatment sequences and combinations.

Carfilzomib is a next-generation, epoxyketone protea-
some inhibitor [5, 6] that binds selectively and irrevers-
ibly to the 20S proteasome, resulting in the accumula-
tion of proteasome substrates and leading to growth arrest
and tumor cell apoptosis [6]. Several clinical trials have
reported a favorable safety and efficacy profile for carfil-
zomib monotherapy, the two-drug combination of carfil-
zomib and dexamethasone, and the three-drug combination
of carfilzomib, lenalidomide, and dexamethasone (CLd).
A phase III study (ASPIRE) evaluated CLd and showed
that this combination resulted in a 31% decrease in the risk
of disease progression or death compared with lenalido-
mide and dexamethasone, and an increase of 8.7 months
in the median progression-free survival (PFS) of patients
with relapsed MM [7]. In a phase III, head-to-head com-
parison study with bortezomib (ENDEAVOR), carfilzomib
provided a significant and clinically meaningful reduction
in the risk of progression compared with bortezomib and
dexamethasone [8]. Based on this evidence, carfilzomib
was approved by regulatory agencies for the treatment of
relapsed and/or refractory MM (RRMM) throughout the
world. Moreover, recent results of the ASPIRE [9] and the
ENDEAVOR [10] studies expressed significant and clini-
cally meaningful OS improvement vs standard therapies.

In Japan, carfilzomib administered as monotherapy,
in combination with dexamethasone (two-drug combi-
nation), and also in combination with lenalidomide plus
dexamethasone (three-drug combination) has been stud-
ied since 2010 and shows promising results for Japanese
RRMM patients [11-14].

The objective of the present study was to assess the
safety, tolerability, and efficacy of CLd in heavily pre-
treated Japanese patients with RRMM. The interim
results of this study have been published at the short-term
follow-up with a mean of 4.5 cycles administered [13].
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This manuscript reports the final results of the long-term
follow-up with a mean of 14.5 cycles administered.

Materials and methods
Study design and setting

Details of the study design have been published in the
interim analyses report [13]. Briefly, this multicenter,
open-label phase I study was conducted in nine centers in
Japan. Patients were enrolled between November 2014 and
March 2015, and follow-up was completed on February 20,
2017. This trial was registered at clinicaltrials.jp: Japic CTI
142677. Ethical approval was granted by the institutional
review boards at each participating site, and all patients pro-
vided written informed consent. The study was conducted
in accordance with the principles of the Declaration of
Helsinki.

Patients

Details of the inclusion and exclusion criteria have also
been reported in the interim analyses report [13]. Briefly,
the study enrolled male and female patients diagnosed with
symptomatic MM, aged > 20 years with an Eastern Coop-
erative Oncology Group Performance Status (ECOG PS) of
0-2, who had previously received at least one treatment and
had relapsed during the last treatment. Patients previously
treated with lenalidomide and dexamethasone were eligible
if they demonstrated tolerability to the therapy.

Interventions

The carfilzomib dosage and administration were based on
the ASPIRE study [7, 9]. Treatment lasted a maximum of
18 cycles each consisting of 28 days. During cycles 1-12,
carfilzomib was administered as a 10 min intravenous infu-
sion on days 1, 2, 8, 9, 15, and 16. In cycle 1, carfilzomib
was administered at a dose of 20 mg/m? on days 1 and 2
and at a dose of 27 mg/m2 on days 8, 9, 15, and 16 of cycle
1 and thereafter. During cycles 13-18, carfilzomib was
administered on days 1, 2, 15, and 16. Lenalidomide was
administered orally at a dose of 25 mg on days 1-21 of each
28-day cycle. Dexamethasone was administered orally at
a dose of 40 mg on days 1, 8, 15, and 22 of each 28-day
cycle. If the dexamethasone dosing day coincided with the
carfilzomib dosing day, dexamethasone was administered
30 min to 4 h before carfilzomib administration. Pre- and
post-treatment hydration with 250-500 mL of physiological
saline (or other appropriate infusion product) were given
during cycle 1. Patients received antiviral and antibacterial
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prophylaxis during cycle 1, and antithrombotic prophylaxis
during exposure to lenalidomide.

Endpoints

Tolerability was evaluated in the first six patients based on
the evaluation of the transition rate to the extension period
and on all adverse events (AEs) (graded using the Com-
mon Terminology Criteria for Adverse Events version 4.0
defined by the Japan Clinical Oncology Group [CTCAE
v4.0-JCOG]) occurring during cycle 1, including hemato-
logic and non-hematologic toxicities, for which a relation-
ship with the study drug could not be ruled out. Details of
the criteria for tolerability and transition to the extension
period have been described previously [13].

Safety outcomes included AEs, adverse drug reactions
(drug-related AEs), laboratory values, vital signs and
12-lead electrocardiography, transition rate to the extension
period, and AEs that met the tolerability evaluation criteria.

Efficacy endpoints included overall response rate (ORR),
0OS, PFS, time to progression, duration of response (DOR),
and clinical benefit rate. Treatment responses and disease
progression were assessed by investigators based on the cen-
tral laboratory results. The efficacy and safety evaluation
committee reviewed the investigator assessments.

Chromosome and monoclonal protein analysis

Bone marrow samples for chromosomal analysis were col-
lected during the screening period. Chromosome analysis
was performed using fluorescence in situ hybridization to
detect 1(4;14), 1(14;16), and 1(11;14) translocations and dele-
tion of chromosome 17, and G-banding to detect hypodip-
loid of screened plasma cells.

Statistical methods

Details of the sample size calculations have been published
previously [13]. Briefly, the planned sample size was 26
subjects, assuming an expected response rate of 87.1% in
the CLd cohort in the ASPIRE study [7]. The threshold
response rate was 66.7% with at least 70% power on a one-
sided exact test and a level of significance of 5.0%, while
accounting for a drop-out rate of 4%. A minimum sample
size of six subjects was planned for the tolerability evalu-
ation according to the Guidelines for Clinical Evaluation
Methods of Antimalignant Tumor Drugs. Safety analyses
were conducted in all patients who received at least one dose
of study treatment. For efficacy measures, the ORR and its
90% confidence interval (CI) (Clopper—Pearson method)
were calculated, and the median PFS and OS were estimated
by the Kaplan—Meier method. All statistical analyses were

conducted using SAS version 9.3 and 9.4 (SAS Institute,
Cary, NC, USA).

Results
Patients

The detailed baseline characteristics have been described
in the interim analyses report [13]. Briefly, a total of 26
patients were enrolled, and all were included in the safety
and efficacy analysis. Fifty percent of patients were male,
and patients had a median age of 64.0 (range, 38—81) years.
Overall, 61.5% had an ECOG PS of 0, 76.9% had Revised
International Staging System stage 2, 53.8% had received >4
prior regimens with a median of 4.0 (range, 1-10) regimens,
88.5% had received prior bortezomib therapy, and 61.5% had
received prior lenalidomide therapy. High-risk cytogenetics
were detected in 53.8% of patients and were defined as posi-
tive for del(17p) in >20% of screened plasma cells, #1(4;14),
(14;16), or hypodiploidy.

A total of 12/26 patients (46.2%) completed the planned
18 cycles of carfilzomib administration. In the interim analy-
sis, the mean number of cycles administered was 4.5+ 1.6
cycles, and it was 14.5+4.9 cycles in a total of 26 patients in
this final analysis. The median duration of exposure to each
study drug (carfilzomib, lenalidomide, and dexamethasone)
was 16.7 months (range, 0.3-21.9), 16.9 months (range,
0.7-22.1), and 17.0 months (range, 0.3-22.1), respectively,
and the median relative dose intensities were 92.5% (range,
47.1-100.0), 80.8% (range, 27.4—100.0), and 96.5% (range,
35.2-100.0), respectively. The median duration of follow-up
was 18.9 months.

Safety and tolerability

One patient out of the first six patients enrolled experienced
an AE which met the criteria for tolerability evaluation.
The event was grade 3 upper respiratory tract infection. All
of these six patients proceeded to cycle 2. The tolerabil-
ity of CLd combination for Japanese RRMM patients was
confirmed.

All patients (26 of 26) experienced any grade AE, and
84.6% (22 of 26) of patients experienced a grade >3 AE.
Table 1 shows all grade AEs and grade >3 AEs. The most
common AEs of any grade with an incidence of >20% at
the final analysis were lymphocyte count decreased (57.7%),
platelet count decreased (57.7%), neutrophil count decreased
(46.2%), nasopharyngitis (42.3%), white blood cell count
decreased (42.3%), hyperglycemia (42.3%), and hypophos-
phatemia (42.3%). At the final analysis, the most common
grade >3 AEs with an incidence of > 10% were lymphocyte
count decreased (46.2%), platelet count decreased (42.3%),
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Table 1 All grade AEs and

erade> 3 AEs AE (SOC/preferred term) Final analysis
N All grade AEs Grade >3 AEs
N=26 N=26
n (%) n (%)
All 26 (100.0) 22 (84.6)
Blood and lymphatic system disorders 6(23.1) 5(19.2)
Anemia 5(19.2) 4(15.4)
Pancytopenia 1(3.8) 1(3.8)
Cardiac disorders 3(11.5) 2(7.7)
Cardiac failure 1(3.8) 1(3.8)
Prinzmetal angina 1(3.8) 1(3.8)
Eye disorders 7(26.9) 1(3.8)
Age-related macular degeneration 1(3.8) 1(3.8)
Gastrointestinal disorders 17 (65.4) 0
Constipation 8 (30.8) 0
Diarrhea 6(23.1) 0
Hepatobiliary disorders 3(11.5) 1(3.8)
Hepatic function abnormal 3(11.5) 1(3.8)
Infections and infestations 20 (76.9) 4(15.4)
Nasopharyngitis 11 (42.3) 0
Necrotizing fasciitis 1(3.8) 1(3.8)
Pneumonia 3(11.5) 2(7.7)
Pneumonia influenza 1(3.8) 1(3.8)
Sepsis 1(3.8) 1(3.8)
Upper respiratory tract infection 5(19.2) 1(3.8)
Respiratory tract infection 1(3.8) 1(3.8)
Investigations 25(96.2) 17 (65.4)
Alanine aminotransferase increased 8 (30.8) 3(11.5)
Aspartate aminotransferase increased 5(19.2) 2(7.7)
Hemoglobin decreased 4 (15.4) 1(3.8)
Lymphocyte count decreased 15 (57.7) 12 (46.2)
Neutrophil count decreased 12 (46.2) 9 (34.6)
Platelet count decreased 15 (57.7) 11 (42.3)
Weight decreased 1(3.8) 1(3.8)
White blood cell count decreased 11 (42.3) 5(19.2)
Metabolism and nutrition disorders 22 (84.6) 13 (50.0)
Dehydration 1(3.8) 1(3.8)
Hypercalcemia 1(3.8) 1(3.8)
Hyperglycemia 11 (42.3) 3(11.5)
Hypermagnesemia 2(7.7) 2(7.7)
Hyperuricemia 2(7.7) 1(3.8)
Hypokalemia 5(19.2) 2(7.7)
Hypophosphatemia 11 (42.3) 7(26.9)
Musculoskeletal and connective tissue disorders 11 (42.3) 1(3.8)
Muscle spasms 7 (26.9) 0
Pain in extremity 2(7.7) 1(3.8)
Nervous system disorders 10 (38.5) 0
Peripheral neuropathy 6(23.1) 0
Psychiatric disorders 5(19.2) 1(3.8)
Delirium 1(3.8) 1(3.8)
Respiratory, thoracic and mediastinal disorders 14 (53.8) 2(7.7)
Pneumonia aspiration 1(3.8) 1(3.8)
Upper respiratory tract inflammation 6(23.1) 1(3.8)
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Table 1 (continued) AE (SOC/preferred term)

Final analysis

All grade AEs Grade >3 AEs

and neutrophil count decreased (34.6%). The incidence of
grade >3 neutrophil count decreased was increased when
comparing the interim and final values (final vs interim:
34.6% vs 11.5%).

Six patients (23.1%) experienced a serious AE. The
events were sepsis, pneumonia, pneumonia influenza, res-
piratory tract infection, necrotizing fasciitis, pneumonia
aspiration, upper respiratory tract inflammation, dehydra-
tion, and back pain in one subject each (3.8%). One patient
experienced necrotizing fasciitis, sepsis, and back pain, and
another patient experienced both pneumonia and upper res-
piratory tract inflammation.

Two patients (7.7%) died during the study treatment
period or within 30 days after the last dose. One was a
72-year-old male patient who died from sepsis on day 387,
the other was an 81-year-old female patient who died of

N=26 N=26
n (%) n (%)

Skin and subcutaneous tissue disorders 14 (53.8) 2(7.7)
Drug eruption 1(3.8) 1(3.8)
Rash 10 (38.5) 1(3.8)

Vascular disorders 7 (26.9) 2(7.7)
Hypertension 5(19.2) 2(7.7)

AE adverse event, SOC system organ class

Table 2 Treatment responses
N=26 % 90%
confidence
interval®
CR or better 8 30.8
sCR 6 23.1
CR 2 7.7
VGPR or better 12 46.2
VGPR 4 154
ORR 23 88.5 72.8-96.8
PR 11 423
CBR 25 96.2 83.0-99.8
MR 2 7.7
SDP 1 3.8
PD 0 0
NE 0 0

aspiration pneumonia on day 123. The causal relationship
between sepsis and the study drug could not be ruled out.

Efficacy

The ORR was 88.5% (23 of 26) (90% CI: 72.8-96.8). The
percentage of patients who achieved complete response (CR)
or better response was 30.8% (eight of 26), and 46.2% (12 of
26) of patients achieved very good partial response (VGPR)
or better response. The clinical benefit rate was 96.2% (25
of 26) (90% CI: 83.0-99.8). Treatment responses are sum-
marized in Table 2. Patients experienced a median PFS of
19.5 months (90% CI: 13.0-22.3) (Fig. 1) and a median time
to progression of 19.5 months (90% CI: 14.0-22.3). Median
OS was not reached in this study (Fig. 2). The time to CR or
better response is shown in Fig. 3 and was 9.4 months (90%
CI: 5.3-14.7) among eight complete responders (defined as
CR and stringent CR). Median DOR was 20.3 months (90%
CI: 12.7-20.3).

A spider plot of changes in M protein level during treat-
ment is shown in Fig. 4. One patient was excluded from this
analysis because of the limited number of time points where
M protein was measurable.

sCR, CR, VGPR, PR, SD, and PD were assessed according to inter-
national uniform response criteria by IMWG, while MR was assessed
according to EBMT criteria

sCR stringent complete response, CR complete response, VGPR
very good partial response, ORR overall response rate, PR partial
response, CBR clinical benefit rate, MR minimal response, SD stable
disease, PD progressive disease, NE not evaluable, IMWG Interna-
tional Myeloma Working Group, EBMT European Society for Blood
and Marrow Transplantation

#Calculated using the Clopper—Pearson method

"Excluding subjects assessed as MR according to EBMT criteria
from among subjects assessed as SD according to international uni-
form response criteria by IMWG

In the subgroup analysis for patients with high-risk
cytogenetics, a VGPR or better response was observed
in 35.7% (90% CI: 15.3-61.0) of patients in the high-
risk subgroup (n=14) and 58.3% (90% CI: 31.5-81.9)
of patients in the standard-risk subgroup (n=12). The
median PFS was not reached (90% CI: 13.6-not evalua-
ble) in the high-risk subgroup, whereas it was 19.5 months
(90% CI: 9.0-22.3) in the standard-risk subgroup.
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Discussion

This is the first study to evaluate the safety, tolerability,
and efficacy of the combination of CLd in heavily pre-
treated Japanese RRMM patients. Our findings of an ORR
of 88.5% and median PFS of 19.5 months, with a favorable
safety profile are promising, considering patients enrolled
in this study were heavily pretreated and had received a
median of four previous treatment regimens. As shown in
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Fig.4 Spider plot of changes in M protein level during the treatment.
The dashed line shows the change in urine M protein in Bence Jones
protein-type subjects. Gray squares indicate time points at which
changes in the M protein level exceeded 100%

the spider plot, M protein decreased in a prompt and con-
tinuous manner during the treatment period. Even patients
who had high-risk cytogenetics could have achieved a
VGPR or better response.

Compared with the interim analysis, the proportion of
patients who achieved CR or better increased from 3.8 to
30.8%, and the proportion of patients who achieved VGPR or
better increased from 23.1 to 46.2% in this final analysis. The
mean treatment duration at the final analysis was 14.5 cycles,
compared with 4.5 cycles at the interim analysis [13]. These
findings suggest that long-term treatment with carfilzomib
can induce a deep response. The median time to CR or better
response was 9.4 months. These data suggest that continuing
carfilzomib treatment for approximately ten cycles is impor-
tant to maximize the efficacy of this combination regimen.
Regarding the safety profile, although nasopharyngitis (42.3%
vs 11.5%), neutrophil count decreased (46.2% vs 26.9%), white
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blood cell count decreased (42.3% vs 30.8%), and upper res-
piratory tract inflammation (23.1% vs 11.5%) were increased
by more than 10% compared with the interim analysis, these
events were manageable. Additionally, the fact that 12 out of
26 patients completed the planned 18 cycles of treatment sup-
ports the favorable safety profile of this combination regimen.
Moreover, the safety profile was consistent with that reported
in previous studies with carfilzomib, and no new safety con-
cerns were observed. We have concluded that the safety profile
of this combination regimen is favorable and suitable for long-
term administration.

The efficacy profile observed in this study was consist-
ent with that of the ASPIRE study [7, 15, 16]. The ORR in
the current study was similar to that in the ASPIRE study
(88.5% vs 87.1%, respectively). Fewer patients had VGPR
or better in the present study compared with the ASPIRE
study (46.2% vs 69.9%, respectively). The PFS was longer in
the ASPIRE study than in the current study (26.3 months vs
19.5 months, respectively). These differences may be influ-
enced by the patient population (median 2.0 prior regimens
in the ASPIRE study vs 4.0 in the present study), the follow-
up duration (median 32.3 months in the ASPIRE study vs
18.9 months in the present study), and the difference in the
treatment duration with lenalidomide and dexamethasone.
In the present study, administration of lenalidomide and
dexamethasone was limited to 18 cycles. Conversely, in the
ASPIRE study, these drugs were continued until progressive
disease occurred. Moreover, the safety profile of this study
was also consistent with that reported in the ASPIRE study,
and no new safety concerns were observed.

Recently, several phase III trials evaluating three-drug
combinations were reported. Ixazomib plus lenalidomide
and dexamethasone resulted in a median PFS of 20.6 months
[17]. Elotuzumab plus lenalidomide and dexamethasone
resulted in a median PFS of 19.4 months [18]. Daratumumab
plus lenalidomide and dexamethasone did not achieve the
median PFS at the interim analysis; however, the PFS at
1 year among those patients was 83.2% [19]. Regarding
Japanese patient data of three-drug combinations, 48% of
patients treated with elotuzumab plus lenalidomide and
dexamethasone achieved PFS at 2 years [20], and the com-
bination of bortezomib, lenalidomide, and dexamethasone
resulted in a median PFS of 9.5 months [21]. Although there
are several limitations when comparing clinical data from
different trials, the efficacy data of the present study can be
considered comparable with previously reported data.

Limitations

This study has several limitations, particularly the small
number of patients enrolled, the lack of a comparator, and
the inclusion of Japanese patients only, which limits the

generalizability of the results. However, this study provides
critical data on ORR, PFS, and safety that can be compared
with other trials. Furthermore, this study provides valuable
data on patients with high-risk cytogenetics.

Conclusions

We conclude that the combination of CLd was well toler-
ated and resulted in promising clinical efficacy for heav-
ily pretreated RRMM patients. Long-term treatment could
maximize the clinical response of this combination, and it
is important to continue the treatment as long as possible.

Recently, CLd at a dose of 20/36 mg/m? showed prom-
ising results for newly diagnosed MM [22-24]. Future
research should focus on evaluating the efficacy and safety
of CLd at a higher dose (20/36 mg/m?) in treatment-naive
patients.
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