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Abstract

Background: Little is known about the real-world survival benefits and safety profiles of
carfilzomib-lenalidomide-dexamethasone (KRd) and carfilzomib-dexamethasone (Kd).
Methods: We performed a retrospective analysis to evaluate their efficacy and safety in 157
patients registered in the Kansai Myeloma Forum database.

Results: A total of 107 patients received KRd. Before KRd, 99% of patients had received
bortezomib (54% were refractory disease), and 82% had received lenalidomide (57% were
refractory disease). The overall response rate (ORR] was 68.2%. The median progression-
free survival (PFS) and overall survival (0S) were 8.8 and 29.3months, respectively.
Multivariate analysis showed that reduction of the carfilzomib dose and non-IgG M protein
were significantly associated with lower PFS and reduction of the carfilzomib dose and
refractoriness to prior bortezomib-based regimens were significantly associated with lower
0S. A total of 50 patients received Kd. Before Kd, 96% of patients had received bortezomib
(54% were refractory disease). The ORR was 62.0%. The median PFS and 0S were 7.1 and
20.9 months, respectively. Based on the multivariate analysis, reduction of the carfilzomib
dose and International Staging System Stage Il (ISS 1) were significantly associated with
lower PFS. Grade Ill or higher adverse events were observed in 48% of KRd cases and 54% of
Kd cases. Cardiovascular events, cytopenia, and infections were frequent, and 4 KRd patients
died due to heart failure, arrhythmia, cerebral hemorrhage, and pneumonia.

Conclusion: Our analysis showed that an adequate dose of carfilzomib is important for
achieving the best survival benefits in a real-world setting. Adverse effects after KRd and Kd
therapy should also be considered.

Keywords: carfilzomib, dexamethasone, Kd, KRd, lenalidomide, real-world efficacy and safety,
relapsed/refractory multiple myeloma
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Introduction

In recent years, multiple proteasome inhibitors,
immunomodulators, and antibody drugs for mul-
tiple myeloma (MM) have been introduced,
which have greatly improved the treatment
response, overall survival (OS) and progression-
free survival (PFS).1-° However, the prognosis of
relapsed and refractory multiple myeloma
(RRMM ) is still poor. Carfilzomib is a next-gen-
eration selective and irreversible proteasome
inhibitor!® that has been demonstrated to have
robust and durable activity and a favorable safety
and tolerability profile as a single-agent treatment
in heavily pretreated patients with RRMM in
phase I/II trials.!’-15 The efficacy and safety of
carfilzomib—lenalidomide—dexamethasone (KRd)
and carfilzomib—dexamethasone (Kd) for RRMM
were evaluated in phase III trials, ASPIRE and
ENDEAVOR, respectively.16-1° In the ASPIRE
and ENDEAVOR studies, KRd was significantly
superior with respect to both of median PFS and
OS to lenalidomide-dexamethasone (Rd), and
Kd also gave a significantly better both median
PFS and OS than bortezomib—dexamethasone
(VA), respectively. Adverse effects, including car-
diovascular events, cytopenia, and infections,
were reported and characterized by the relatively
high frequency of cardiovascular events. The
ASPIRE study showed heart failure in 6.4% of
KRd participants, whereas the ENDEAVOR
study showed congestive heart failure in 10.8% of
Kd participants, and several patients died of car-
diovascular events in the both studies. In real-
world clinical practice, KRd and Kd have been
used according to ASPIRE and ENDEAVOR,
but the dose and frequency of administration
have often been reduced as appropriate depend-
ing on the patient’s age and general condition.
There is little evidence or information available
on the real-world use of KRd and Kd therapy.
Then, we retrospectively analyzed the real-world
efficacy and safety of KRd and Kd in Japanese
patients who were registered in the Kansai
Myeloma Forum (KMF) database.

Methods

Study design and participants

The KMF, a study group consisting of 46 hema-
tological facilities in the Kansai region of Japan,
was established in 2012 to register patients with
myeloma-related disease. The group members

have created and share a clinical database with
the aim of retrospectively analyzing treatment
strategies and outcomes. In this study, we
included 157 patients from 17 hospitals in the
KMF database who received KRd (#=107) or
Kd (#=50) therapy between March 2016 and
June 2019. The observation period was termi-
nated on June 30, 2019. We obtained patient
consent to treatment from all patients. Patients
were selected consecutively. Patients needed to
have received at least 1 line of therapy before
KRd or Kd. Relapsed and refractory MM were
defined according to International Myeloma
Working Group (IMWG) criteria.2® Patients who
achieved stringent complete response (sCR)
through autologous hematopoietic stem cell
transplantation (auto-HSCT) and received KRd
as consolidation therapy were excluded. Further,
we performed a secondary survey on detailed
medical information.

Treatment

KRd was performed under the following condi-
tions and based on insurance coverage. Patients
with RRMM receive intravenous carfilzomib at a
dose of 20mg/m? on days 1 and 2, and then
27mg/m?2 on days 8, 9, 15, and 16 of the first
cycle and days 1, 2, 8, 9, 15, and 16 of subse-
quent cycles, dexamethasone 20mg on days 1, 2,
8,9, 15, 16, 22, and 23, and lenalidomide 25 mg
orally on days 1-21 of each 28-day cycle.

As for Kd, RRMM patients receive intravenous
carfilzomib at a dose of 20mg/m?2 on days 1 and
2, and then 56 mg/m?2 on days 8, 9, 15, and 16 of
the first cycle and days 1, 2, 8, 9, 15 and 16 of
subsequent cycles, and dexamethasone 20 mg on
days 1, 2, 8,9, 15, 16, 22, and 23 of each 28-day
cycle. Administration of carfilzomib 70 mg/m?
once a week was allowed, although it had not yet
been approved in Japan during the observation
period.

The dosages of all drugs for KRd or Kd, antibac-
terial, antimycotic, and antiviral agents, and anti-
platelet drugs were determined at the discretion
of each physician. Responses were assessed
according to the IMWG Uniform Response
Criteria?! and designated as sCR, complete
response (CR), very good partial response
(VGPR), partial response (PR), stable disease
(SD), and progressive disease (PD).
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Endpoints

The primary endpoint was PFS. Secondary end-
points were OS and the safety and efficacy of
KRd and Kd in terms of overall response rate
(ORR) and toxicity. Therapeutic response and
disease progression were assessed according to
the IMWG criteria.??2 All adverse events (AEs)
were recorded using the Common Terminology
Criteria for Adverse Events, version 5.0 of the
National Cancer Institute Cancer Therapy
Evaluation Program.

Statistical methods

Descriptive statistics were used to summarize var-
iables related to patient characteristics. Com-
parisons between groups were performed with the
chi-square statistic or extended Fisher exact test
as appropriate for categorical variables. The prob-
abilities of OS and PFS were estimated according
to the Kaplan—-Meier method, and the groups
were compared with the log-rank test. The Cox
proportional hazards model was used to evaluate
the effect of variables on OS and PFS. Factors
with p<0.10 in the univariate analysis were
added to the multivariate model. All tests were
two-sided, and p<<0.05 was considered to indi-
cate statistical significance. All statistical analyses
were performed with Stata version 16.1 software
(StataCorp, College Station, TX).

Results

The patient background is summarized in Table
1. In the KRd cohort, the median observation
period of survivors was 23.1 (range, 0.8—
33.5) months. The median age at the start of KRd
was 67 (range, 41-84) years. Fourteen cases
(13.1%) were above 75years old, 21 (19.6%) had
International Staging System Stage IIT (ISS III),
and 31 (29.0%) had poor chromosomal risk,
which was defined as the presence of either
del(17p), t(4;14)(pl6; q32), or 2(14;16)(q32;
q23) in the fluorescence in sizu hybridization
(FISH) or G-BAND. The median number of
prior therapies was 3 (range, 1-14). A total of 106
cases (99.1%) had received prior bortezomib-
based regimens, and 58 of these 106 cases were
refractory. In addition, 88 cases (82.2%) had
received lenalidomide-based regimens, and 61 of
these 88 cases were refractory. The dose of carfil-
zomib was not reduced in 69 cases (64.5%), and
the dose was reduced by more than 40% within
the three courses in 14 cases (13.1%). The dose

of lenalidomide was not reduced in 19 cases
(17.8%), and the dose was reduced by more than
40% within the three courses in 62 cases (57.9%).
The median number of KRd cycles was 3 (range,
1-19) (Supplement Table 1). KRd was discontin-
ued in 104 cases, and the reasons for discontinu-
ation were PD in 38 cases (35.5%), AEs in 37
cases (34.6%), a switch to auto-HSCT in 12
cases (11.2%), and achievement of a good thera-
peutic effect (CR or VGPR) in 3 cases (2.8%).

In the Kd cohort, the median observation period
of survivors was 15.8 months (range, 1.0-61.3).
The median age at the start of Kd was 69 (range,
35-88) years. Sixteen cases (32.0%) were above
75years old, 13 (26.0%) had ISS III, and 12
(24.0%) had poor chromosomal risk. The median
number of prior therapies was 3.5 (1-12), 48
cases (96.0%) had received prior bortezomib-
based regimens, and 27 of these 48 cases were
refractory. The dose of carfilzomib was not
reduced within the three courses in 20 cases
(40.0%), and the dose was reduced by more than
40% in 18 cases (36.0%). Nine cases (18.0%)
received once-weekly carfilzomib administration.
The median number of Kd cycles was 4 (range,
1-36, Supplement Table 1). Kd was discontin-
ued in all 50 cases, and the reasons for discon-
tinuation were PD in 26 cases (52.0%), AEsin 13
cases (26.0%), and a switch to auto-HSCT in 4
cases (8.0%).

Safety

Grade III or higher AEs with KRd or Kd are sum-
marized in Table 2. In the KRd cohort, the most
common AEs were hematological toxicities (ane-
mia, thrombocytopenia, leukopenia), and these
were observed in 25 cases (23.4%). Cardiovascular
toxicities (heart failure, arrhythmia, hypertension,
and pulmonary hypertension) occurred in 14
cases (13.1%), and infections (pneumonia, sep-
sis, CMV infection, etc.) were seen in 16 cases
(15.0%). Four patients died of heart failure,
arrhythmia, intracerebral hemorrhage, or pneu-
monia, respectively.

The incidence of cardiovascular AEs was 28.6%
for patients 75years old and above, 14.6% for
those aged 65-74, and 8.9% for those under 65
(p=0.178). Non-cardiovascular AEs occurred in
57.1% of patients 75years old and above, in
37.5% of those aged 65—74, and in 35.6% of those
under 65 (p=0.333) (Supplement Table 2).
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Table 1. Patient demographics and baseline characteristics.

KRd Kd
Characteristic n = 107 n =50
Median age, year (range) 67 (41-84) 69 (35-88)
<65 45 (42.0%) 16 (32.0%)
65-74 48 (44.9%) 18 (36.0%)
>75 14.(13.1%) 16 (32.0%)
Male, n (%) 53 (49.5%) 21 (42.0%)
Median time from first treatment, month (range) 30.8 (0.8-126.9) 35.4(1.5-138.2)
Type of M protein, n (%)
IgG 61(57.0%) 30 (60.0%)
IgA 17 (15.9%) 10 (20.0%)
BJP 25 (23.4%) 9(18.0%)
Light-chain subtype, n (%)
Kappa 60 (56.1%) 31 (62.0%)
Lambda 41 (38.3%) 18 (36.0%)
Not reported/missing 6 (5.6%) 1(2.0%)
ECOG performance status, n (%)
0 56 (52.3%]) 26 (52.0%)
1 23 (21.5%) 14.(28.0%)
2 8 (7.5%) 4 (8.0%)
3 8 (7.5%) 3(6.0%)
4 7 (6.5%) 1(2.0%)
Not reported/missing 5 (4.7%) 2 (4.0%)
ISS stage, n (%)
lorll 78 (72.9%) 36 (72.0%)
1 21 (19.6%) 13 (26.0%)
Not reported/missing 8 (7.5%) 1(2.0%)
Cytogenetic/FISH prognostic markers, n (%)
Normal/favorable 44 (41.1%) 26 (52.0%)
Poor 31(29.0%) 12 (24.0%)
Unknown or not done 32 (29.9%) 12 (24.0%)

(Continued)
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Table 1. (Continued)

KRd Kd
Median no. of prior regimens (range) 3(1-14) 3.5(1-12)
Prior therapy, n (%)
Bortezomib 106 (99.1%) 48 (96.0%)
Refractory to bortezomib in any previous regimen 58 (54.2%]) 27 (54.0%])
Lenalidomide 88 (82.2%) 43 (86.0%)
Refractory to lenalidomide in any previous regimen 61 (57.0%) 35(70.0%)

BJP, Bence-Jones protein; ECOG, Eastern Cooperative Oncology Group; FISH, fluorescence in situ hybridization; ISS,
International Staging System; Kd, carfilzomib and dexamethasone; KRd, carfilzomib, lenalidomide, and dexamethasone.

In the Kd cohort, the most common AEs were
hematological toxicities (anemia, thrombocyto-
penia, and leukopenia), and these were observed
in 20 cases (40.0%). Infections (pneumonia,
osteomyelitis, etc.) occurred in 11 cases (22.0%),
cardiovascular toxicities (heart failure, hyperten-
sion) were seen in 4 cases (8.0%), and liver dys-
function was seen in 4 cases (8.0%). None of the
patients died of AEs. No association was found
between the age of patients and either cardiovas-
cular AEs (p=0.294) or non-cardiovascular AEs
»=0.913).

Efficacy and survival outcomes of KRd

In the KRd cohort, ORR was 68.2%, VGPR or
better was 34.6%, and CR + sCR was 15.0%
(Table 3). Relapse or PD was observed in 69
patients (64.5%), and 44 patients (41.1%) died
during the observation period.

The median PFS was 8.8 months, and the 1-year
PFS rate was 41.0% (Figure 1). Univariate analy-
sis showed significant differences in PFS regard-
ing age (1 year PFS: <65years old, 46.6%; 65-74,
38.5%; =75,31.2%, p=0.049), type of M protein
(IgG, 52.9%; non-IgG, 23.2%; p<0.001), num-
ber of prior lines of therapy (1 or 2 lines, 60.9%;
=3 lines, 30.5%; p=0.011), refractoriness to bort-
ezomib (sensitive, 58.3%; refractory, 26.4%;
$<<0.001), refractoriness to lenalidomide (sensi-
tive, 60.7%; refractory, 26.7%; p<<0.001), period
from initial treatment to KRd (<2years, 55.0%;
=2years, 32.5%; p=0.022), reduction in the dose
of carfilzomib (100% dose, 48.4%; 60-99%,
30.5%; <60%, 21.4%; p=0.007), and reduction
in the dose of lenalidomide (100% dose, 57.4%;

60-99%, 46.6%; <60%, 33.4%; p=0.004; Table
4, Figure 2, Supplement Figures 1 and 2).
Multivariate analysis showed significantly shorter
PFES in non-IgG M protein [hazard ratio (HR),
2.48, 95% confidence interval (CI): 1.42 — 4.33,
p»=0.001] and reduction in the dose of carfilzomib
to less than 60% (<60% wvs 100%: HR, 3.05, 95%
CI: 1.40-6.62, p=0.005; Table 4).

The median OS was 29.3 months, and the 1-year
OS rate was 72.6% (Figure 1). Univariate analy-
sis showed significant differences in OS regarding
type of M protein (1-year OS: IgG, 79.2%; non-
IgG, 64.3%; p=0.013), number of prior lines of
therapy (1 or 2 lines, 82.7%; =3 lines, 67.3%;
p»=0.008), period from initial treatment to KRd
(<2years, 82.1%; =2years, 66.7%; p=0.025),
refractoriness to bortezomib (sensitive, 83.1%;
refractory 63.8%; p=0.006), refractoriness to
lenalidomide (sensitive, 83.4%; refractory 64.3%;
p»=0.003), and reduction in the dose of carfil-
zomib (100% dose, 81.7%; 60-99%, 64.3%;
<60%, 40.8%; p=0.018; Figure 2, Supplement
Figures 1 and 2). Multivariate analysis revealed
significantly shorter OS in carfilzomib reduction
(100% vs <60%: HR 3.66, 95% CI: 1.47-9.10,
p»=0.005) and prior bortezomib sensitivity (sensi-
tive vs refractory: HR 2.33, 95% CI: 1.01-5.37,
p=0.047; Table 4).

Seven patients received KRd after auto-HSCT as
consolidation therapy, and their ORR was 100%
(sCR: 2 cases, VGPR: 3 cases, and PR: 2 cases).
In these patients, the median observation period
of survivors was 28.0 months (range, 5.2-33.4).
Twelve-month PFS, 24-month PFS, 12-month
OS, and 24-month OS were 40.0%, 40.0%,

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

A Self-archived copy in

Kyoto University Research Information Repository T AT ?
KYOTO UNIVERSITY https://repository.kulib.kyoto-u.ac.jp ﬁHﬁﬁE%Noﬁo!R!p ooooo oy
THERAPEUTIC ADVANCES in
Hematology Volume 13

Table 2. Adverse events.

KRd Kd

n = 107 n =50

Grade lll Grade IV Grade V Grade lll Grade IV Grade V

Cardiac failure 7(6.5%)  2(1.9%) 1(0.9%) 2 (4.0%) 0 0
Hypertension 1(0.9%) 0 0 2 (4.0%) 0 0
Pulmonary hypertension 1(0.9%) 0 0 0 0 0
Arrhythmia 0 0 1(0.9%) 0 0 0
Cerebral hemorrhage 0 0 1(0.9%) 0 0 0
Vasculitis 1(0.9%) 0 0 0 0 0
Deep vein thrombosis 0 0 0 1(2.0%) 0 0
Anemia 10 (9.3%) 5 (4.7%) 0 5(10.0%) 2 (4.0%) 0
Thrombocytopenia 10(9.3%) 7 (6.5%) 0 8 (16.0%) 7 (14.0%) 0
Leukopenia 9 (8.4%)  5(5.4%) 0 5(10.0%)  3(6.0%) 0
Pneumonia 4 (3.7%) 0 1(0.9%) 5(10.0%) 3(6.0%) 0
Osteomyelitis 0 0 0 0 1(2.0%) 0
Cellulitis 0 0 0 1(2.0%) 0 0
Bronchitis 3(2.8%) 0 0 0 0 0
Urinary tract infection 1(0.9%) 0 0 0 0 0
Sepsis 0 2 (1.9%) 0 0 0 0
Febrile neutropenia 1(0.9%)  11(0.9%) 0 0 0 0
Cytomegalovirus infection 1(0.9%) 0 0 1(2.0%) 0 0
Diarrhea 1(0.9%) 0 0 0 0 0
Gastrointestinal hemorrhage 2 (1.9%]) 0 0 0 0 0
Anorexia 1(0.9%) 0 0 0 0 0
Fatigue 1(0.9%) 1(0.9%) 0 1(2.0%) 0 0
Hyperglycemia 1(0.9%) 0 0 0 0 0
Renal dysfunction 1(0.9%)  11(0.9%) 0 0 0 0
Liver dysfunction 4 (3.7%) 0 0 4 (8.0%) 0 0
Peripheral neuropathy 1(0.9%) 0 0 0 0 0
Tumor lysis syndrome 2(1.9%)  1(0.9%) 0 0 0 0
Drug eruption 1(0.9%) 0 0 0 0 0
Fever 0 1(0.9%) 0 0 0 0
Delirium 1(0.9%) 0 0 0 0 0

KRd, carfilzomib, lenalidomide, and dexamethasone; Kd, carfilzomib and dexamethasone.
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100.0%, and 100.0%, respectively. Twelve Table 3. Response rates.
patients underwent planned auto-HSCT after

. KRd Kd
KRd, and their ORR was 100% (sCR: 4 cases,
VGPR: 5 cases and PR: 3 cases). In these patients, Best response, n (%) n =107 n =50
the median observation period of survivors was
20.5 (range, 5.0-33.5)months. Twelve-month sCR 13(12.2%) 1(2.0%)
PFS, 24-month PFS, 12-month OS, and
CR 3 (2.8% 1(2.0%
24-month OS were 82.5%, 82.5%, 100.0%, and (2.8%) (2.0%)
65.6%, respectively. VGPR 21 (19.6%) 11 (22.0%)
PR 36 (33.6%) 18 (36.0%)
Efficacy and survival outcomes of Kd SD 28 (26.2%) 15 (30.0%)
In the Kd cohort, ORR was 62.0%, VGPR or bet-
ter was 26.0%, and CR + sCR was 4.0% (Table PD 6 (5.6%) 4 (8.0%)
3). Relapse or PD was observed in 36 patients 0 o
(72.0%), and 23 patients (46.0%) died during the ORR (sCR + CR + VGPR + PR, n (%) Gl o) (v
observation period. VGPR or better 37 (34.6%) 13 (26.0%)
The median PFS was 7.1 months, and the 1-year ~ Median no. of cycles (range] 3(1-19) 4 (1-36)
PFS rate was 28.8% (Figure 3). Univariate analy- .
Refract to Bort b
sis showed significantly shorter PFS in ISS III (1 elractory to Bortezom!
year PFS: ISS UII, 37.7%; ISS III, 7.7%; NO (=SD, or naive), n (%) n =49 n=23
p=0.007; Table 5, Supplement Figure 3).
Multivariate analysis showed significantly shorter ORR 41(83.7%] 15 (65.2%)
PFS in ISS III (ISS I + II vs ISS IIL: HR 3.16, VGPR or better 24 507 —
95% CI: 1.21-8.26, p=0.019) and reduction in
the dose of carfilzomib to less than 60% (100% vs YES (PD), n (%) n =58 n =27
<60%: HR, 2.89, 95% CI: 1.25-6.70, p=0.013;
Table 5). ORR 32 (55.2%) 16 (59.3%)
. VGPR or better 13 (22.4%) 6(22.2%)
The median OS was 20.9 months, and the 1-year
OS rate was 70.9% (Figure 1). Univariate analy- Refractory to lenalidomide
sis revealed significantly shorter OS in ISS III . \
(1-year OS: ISS VII, 37.7%; ISS IIL, 7.7%; NO (>SD, or naivel, n (%] n = 4é n=15
p=0.002;. Table 5, Supplement Figur.e 3'). ORR 37 (80.4%) 10 (66.7%)
Refractoriness to bortezomib and a reduction in
the dose of carfilzomib to less than 60% did not VGPR or better 25 (54.3%) 6 (40.0%)
significantly affect PFS or OS in a univariate anal- .
ysis (Figure 4). None of the factors examined sig- VS I, o 2] n =61 n =35
nificantly shortened OS in a multivariate analysis ORR 36 (59.0%) 21 (60.0%)
(Table 5).
VGPR or better 12 (19.7%) 7 (20.0%)

. A CR, complete response; Kd, carfilzomib and dexamethasone; KRd, carfilzomib,
Discussion lenalidomide, and dexamethasone; ORR, overall response rate; PD, progressive
Based on the results of the phase III ASPIRE and disease; PR, partial response; sCR, stringent complete response; SD, stable

ENDEAVOR trials, KRd and Kd therapies have  disease; VGPR, very good partial response.

been approved and performed in Japan. Clinical

experience at the KMF member hematological

facilities has been accumulated, and we collected analysis that focused on real-world data and com-
medical information including actual drug dos- pared our findings with past reports.

ages, number of administrations, and the details

of AEs. In this study, we evaluated the effective- With regard to KRd patients, KRd showed a rela-
ness and safety of KRd and Kd by conducting an  tively good therapeutic effect in the population,

journals.sagepub.com/home/tah 7


https://journals.sagepub.com/home/tah

A Self-archived copy in

Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

THERAPEUTIC ADVANCES in

Hematology

RBAEFHERY LS b

KURENAI

Kyoto University Research Information Repository

—~~
[
e
1.00
1

KRd (n=107)
Median PFS, months 8.8m
2 years PFS (95%Cl) 26.4% (17.7-35.9%)

Progression-free Survival
0.50 0.75
1 L

0.25

8.
(=] T T T T T
0 10 20 30 40
Number at risk Months after KRd treatment
107 46 30 6 0

Volume 13
b
()
2]
§ o
c
=
0o
= 0
® o
[
3 KRd (n=107)
Q | Median OS, months  29.3m
=] 2 years OS (95%Cl) 56.7% (45.5-66.5%)
8
o T T T T T
0 10 20 30 40
Number at risk Months after KRd treatment
107 71 50 13 0

Figure 1. Kaplan-Meier curves of progression-free survival (PFS) (a) and overall survival (OS] (b) of 107
patients treated with carfilzomib-lenalidomide-dexamethasone (KRd).
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Figure 2. Kaplan-Meier curves of PFS (a) and OS (b) of patients treated with KRd based on the dosage of

carfilzomib (100% vs. 60-99% vs. <60%].

including in patients who were refractory to sev-
eral treatment regimens. Almost all cases had a
history of bortezomib treatment and 54.2% of
them were refractory. Univariate and multivariate
analysis showed that bortezomib-resistant cases
had worse ORR than non-resistant cases, and OS
and PFS tended to be poor. The results suggested
cross-resistance between bortezomib and carfil-
zomib. The carfilzomib doses in the first three
courses were associated with OS and PFS, and
dose reduction to 60% or less was identified as a
poor prognosis factor. In cases of planned auto-
HSCT after KRd or KRd as a consolidation ther-
apy after auto-HSCT, median PFS and median
OS were not reached. Both bridging KRd and
consolidation KRd for auto-HSCT were consid-
ered useful. Several studies have reported that
carfilzomib frequently had AEs in the elderly.23-30
In this study, there was no significant correlation

between the incidence of grade =3 AEs and age,
partly due to the small sample size. The doses of
carfilzomib and lenalidomide tended to be
reduced in elderly patients. It would be desirable
to evaluate cardiac function in advance, and to
carefully observe the appearance of blood pres-
sure change, signs of heart failure, and cytopenia
even after the start of carfilzomib treatment. A
patient who died of heart failure had a history of
Sjogren’s syndrome and a patient who died of
arrhythmia had a history of bronchial asthma,
which might have affected the onset of fatal AEs.

To compare the real-world data set with a clinical
trial, we selected patients who had received one to
three pretreatment lines, had Eastern Cooperative
Oncology Group performance status (ECOG PS)
2 or better, and maintained SD or better reactiv-
ity for pretreatment lenalidomide and bortezomib
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Table 4. KRd: Univariate and multivariate analysis of progression-free survival (PFS) and overall survival (0S).

Variables PFS 0S
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) p HR (95% ClI) p HR (95% ClI) p HR (95% ClI) p

Sex

Male 1 (reference) 1 (reference)

Female 1.08(0.69-1.70)  0.725 1.31(0.72-2.38)  0.378
PS

0-1 1 (reference) 1 (reference)

2-4 1.21(0.71-2.06)  0.488 1.68 (0.88-3.23) 0.118
Age

<65 1 (reference) 1 (reference)

65-75 1.55(0.94-2.56)  0.084 1.47(0.84-2.60) 0.179 1.19 (0.62-2.28)  0.595

75< 2.20(1.11-4.36)  0.024 1.91(0.82-4.47)  0.135 1.80(0.74-4.34)  0.194
ISS

lorll 1 (reference) 1 (reference)

11 1.53(0.88-2.64]  0.128 1.91(0.97-3.74)  0.060 1.97 (0.91-4.23) 0.084
Poor chromosomal risk

- 1 (reference) 1 (reference)

L 1.49 (0.86-2.59]  0.159 1.26 (0.62-2.58)  0.527

Not 1.40(0.81-2.43)  0.229 1.30(0.63-2.70)  0.476

inspected
M protein

IgG 1 (reference) 1 (reference)

non-1gG 2.36 (1.48-3.77) <0.001 2.48 (1.42-4.33)  0.001 2.12(1.15-3.88) 0.015 1.36 (0.67-2.78) 0.396
BJP

- 1 (reference) 1 (reference)

+ 1.23(0.70-2.16)  0.468 1.11(0.54-2.31)  0.773

NA 0.99 (0.49-1.97)  0.971 0.98(0.39-2.49)  0.971
Line no.

1-2 1 (reference) 1 (reference)

3< 1.92(1.15-3.22)  0.012 1.95(0.92-4.12)  0.081 2.71(1.26-5.84)  0.011 2.15(0.76-6.06) 0.148

(Continued)]
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Table 4. (Continued)

Variables PFS 0s
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p

From first_tx
<2years 1 (reference) 1 (reference)

2 years< 1.77 (1.08-2.90)  0.024 0.99 (0.50-1.96)  0.970 2.20(1.09-4.45)  0.029 1.61(0.58-4.42) 0.357

Prior bortezomib

SD or 1 (reference) 1 (reference)
better
PD 2.71 (1.67-4.40) <0.001 1.64(0.93-2.88) 0.087 2.42 (1.26-4.62) 0.008 2.33(1.01-5.37) 0.047

Prior lenalidomide

SD or 1 (reference) 1 (reference)
better
PD 2.45 (1.50-3.98) <0.001 1.34(0.73-2.44)  0.344 2.67 (1.35-5.29)  0.005 1.25(0.56-2.78) 0.589

Carfilzomib dose
100% 1 (reference) 1 (reference)
60-99% 1.46 (0.85-2.51) 0.171 1.64(0.84-3.19) 0.148 1.36 (0.65-2.84)  0.407 2.11(0.89-5.03) 0.091
<60% 2.66 (1.40-5.06)  0.003 3.05(1.40-6.62) 0.005 2.89 (1.35-6.20)  0.007 3.66 (1.47-9.10) 0.005
Lenalidomide dose
100% 1 (reference) 1 (reference)

60-99% 0.99 (0.44-2.21)  0.972 0.65(0.27-1.52)  0.318 0.61(0.21-1.77)  0.364
<60% 2.23(1.16-4.28]  0.016 1.03 (0.49-2.15)  0.940 1.47 (0.67-3.21)  0.332

BJP, Bence-Jones protein; ISS, International Staging System; Kd, carfilzomib and dexamethasone; KRd, carfilzomib, lenalidomide, and
dexamethasone; PD, progressive disease; PS, performance status.
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Figure 3. Kaplan-Meier curves of PFS (a) and OS (b) of 50 patients treated with carfilzomib-dexamethasone (Kd).
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Table 5. Kd: Univariate and multivariate analysis of progression-free survival (PFS) and overall survival (0S).

Variables PFS 0S
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% ClI) p

Sex

Male 1 (reference) 1 (reference)

Female 0.83 (0.45-1.56) 0.571 0.91 (0.40-2.08) 0.823
PS

0-1 1 (reference) 1 (reference)

2-4 1.00 (0.41-2.43)  0.999 1.36 (0.46-4.01) 0.580
Age

<65 1 (reference) 1 (reference)

65-75 1.29 (0.57-2.89)  0.541 1.34 (0.45-4.00) 0.603 1.12 (0.34-3.68) 0.846

75< 1.64(0.73-3.63)  0.224 2.38 (0.86-6.57) 0.095 1.93 (0.64-5.83) 0.245
ISS

lorll 1 (reference) 1 (reference)

11 2.55(1.27-5.14)  0.009  3.16(1.21-8.26) 0.019  3.71(1.55-8.89) 0.003 3.25(0.89-11.81] 0.074
Poor chromosomal risk

- 1 (reference) 1 (reference)

AL 1.59(0.75-3.39)  0.229  1.83(0.82-4.10) 0.140  0.92(0.32-2.71) 0.887 1.00 (0.32-3.11) 0.994

Not 2.06 (0.93-4.60) 0.076  1.34(0.48-3.79) 0.578  2.39 (0.93-6.13) 0.070 1.10(0.29-4.19) 0.892
inspected
M protein

IgG 1 (reference) 1 (reference)

Non-IgG 1.33(0.70-2.56) 0.386 1.78 (0.78-4.08) 0.174
BJP

- 1 (reference) 1 (reference)

+ 1.39(0.71-2.75)  0.337 2.49(0.98-6.32) 0.055 1.31(0.45-3.77) 0.621

NA 0.86 (0.28-2.63)  0.796 1.82(0.47-7.06) 0.384 2.16 (0.49-9.47) 0.305
From first_tx

<2years 1 (reference) 1 (reference)

2 years< 0.71(0.37-1.36)  0.298 0.62 (0.25-1.53) 0.299
Line no.

(Continued]
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Table 5. (Continued)

Variables PFS 0s
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% Cl) p HR (95% ClI) P HR (95% Cl) p HR (95% Cl) ]
1-2 1 (reference) 1 (reference)
3< 0.90(0.41-1.98) 0.793 0.65 (0.24-1.78) 0.407
Prior bortezomib
SD< 1 (reference) 1 (reference)
PD 1.67(0.87-3.22)  0.126 1.40 (0.60-3.24) 0.438
Carfilzomib dose
100% 1 (reference) 1 (reference)
60-99% 1.32(0.56-3.11)  0.533  1.85(0.74-4.60) 0.186  0.59(0.17-1.99) 0.396
<60% 1.89(0.90-3.99)  0.093  2.89(1.25-6.70)  0.013 1,26 (0.49-3.20) 0.632

BJP, Bence-Jones protein; ISS, International Staging System; Kd, carfilzomib and dexamethasone; KRd, carfilzomib, lenalidomide, and
dexamethasone; PD, progressive disease; PS, performance status.
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Figure 4. Kaplan-Meier curves of PFS (a) and OS (b) of patients treated with Kd based on the dosage of

carfilzomib (100% vs. 60-99% vs. <60%].

(n=19), according to the ASPIRE study (z=396);
ORR (this study vs ASPIRE = 89.5 vs 87.1%),
median PFS (NR vs 26.3 months), and median
OS (NR s 48.3months) in this study were not
inferior to those in the ASPIRE trial. Furthermore,
the side effect profile of cardiovascular events,
cytopenia, and infection was similar.

In Kd patients, the bortezomib sensitivity of the
previous treatment did not significantly affect Kd
efficacy. In cases of ISS III, PFS and OS were
significantly inferior, and in cases in which the
dose of carfilzomib was reduced to less than

60%, OS was poor. There were nine cases of
once-weekly carfilzomib administration, and the
ORR was not inferior to that of twice-weekly
cases (once a week vs twice a week = 77.8% wvs
58.5%). Once a week cases tended to receive
long-term administration of eight courses or more
(once a week vs twice a week = 55.6% vs 24.4%).
It is probable that the burden of commuting to
the hospital for patients was reduced, and this
helped them to continue Kd. Once-weekly carfil-
zomib 70 mg/two administration is synonymous
with carfilzomib dose reduction to 62.5% com-
pared to twice-weekly administration. However,
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because carfilzomib has been demonstrated to
inhibit the proteasome dose dependently, the
increase in proteasome inhibition associated with
increasing carfilzomib 70 mg/two doses in 1 day
may partly account for the improved clinical
response.3! The incidences of cardiovascular AEs
(once a week vs twice a week = 11.1% vs 7.3%)
and non-cardiovascular AEs (once a week ws
twice a week = 44.4% vs 56.1%) were not sig-
nificantly different. Once-a-week, Kd was consid-
ered to be a promising and safe option. As in
previous reports, AEs were mainly cardiovascular
side effects, cytopenia, and infection; however,
there was no significant correlation between AEs
and age of patients.!%:32:33 No serious AE leading
to death was observed.

To compare the real-world data set with a clinical
trial, we selected patients who had received one to
three lines of pretreatment, had ECOG PS 2 or
better and were proteasome inhibitor-free for
6 months until the start of Kd (n=12), according
to the ENDEAVOR study (n=464); ORR (this
study vs ENDEAVOR = 66.7 vs 76.7%), median
PFS (11.1 vs 18.7 months), and median OS (27.0
s 47.6months) in this study were inferior to
those in the ENDEAVOR study. It is considered
that this was because the ENDEAVOR study
excluded patients with cytopenia, heart failure,
and renal dysfunction at the start of Kd.

This study has several limitations. First, although
chromosomal abnormalities have been reported
to be an important factor that affects the progno-
sis of MM, all chromosomal abnormalities were
not necessarily evaluated by FISH or G-BAND
before the start of KRd or Kd in all patients in
this study. In most of the cases, only one or two
genetic abnormalities had been investigated by
FISH at the diagnosis, and all risk factors had not
been examined. Second, Kd was approved later
than KRd (KRd: July 2016, Kd: May 2017), and
the shorter observation period in the Kd group
might have affected the evaluation of treatment
outcomes. In recent years, other combinations of
carfilzomib such as daratumumab, isatuximab,
and pomalidomide are available and are expected
to show their efficacy and safety.

In conclusion, although this study tended to have
a higher median age, more high-risk cases, more
prior lines of therapy, and more cases of resistance
to bortezomib and lenalidomide compared to
other real-world reports (Supplement Tables 3

and 4), an equivalent therapeutic effect has been
obtained, which suggested that KRd and Kd ther-
apies are also effective in Japanese patients. It is
desirable to avoid reducing the dose of carfilzomib
as much as possible. Cytopenia, infections, and
cardiovascular AEs were observed, and there were
cases of death due to the AEs; therefore, careful
attention should be paid with regard to the AEs.
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