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Abstract 

In this real-world study of 300 patients with RRMM from 29 sites in the Asia Pacific region, the safety and 

efficacy of carfilzomib in two approved regimens, carfilzomib with lenalidomide and dexamethasone (KRd) and 

carfilzomib with dexamethasone alone (Kd) was assessed. Both the KRd or Kd regimens were effective and 

well tolerated, even in patients with multiple prior lines of treatment, confirming the safety and response rates 

observed from clinical trials and real-world studies. 
Background: Carfilzomib has demonstrated enhanced efficacy and tolerability in head-to-head clinical trials in patients 
with relapsed/refractory multiple myeloma (RRMM). However, real-world data on its use and outcomes in the Asia Pacific 
region remains limited. Methods: This prospective, observational, real-world study included 300 RRMM patients from 

29 sites in the Asia Pacific region, who received carfilzomib between July 2019 and June 2023. Data was collected from 

medical records every 3 months to assess safety and efficacy of two approved regimens: carfilzomib with lenalidomide 

and dexamethasone (KRd) and carfilzomib with dexamethasone alone (Kd). Results: In KRd cohort, mean age was 
62.7 years and median prior lines of therapy (LOT) was 1; in Kd cohort, mean age was 66.3 years with a median LOT of 
3 (38% ≥ 4 LOTs). KRd achieved an overall response rate (ORR) of 81.7%, including 53.6% complete responses (CR) 
and 73.3% very good partial responses (VGPR). In the Kd cohort, ORR was 54.5%, with 27.2% CR and 34.8% VGPR. 
Median overall survival (OS) was 60.9 months with KRd and 41.6 with Kd; median time to progression (TTP) was 38.5 

and 23.7 months, respectively. Grade ≥ 3 adverse events occurred in 18.8% (KRd) and 30.7% (Kd); treatment-related 

events occurred in 4.0% and 8.8%, leading to discontinuations in 1.1% and 2.6%, respectively. Conclusion: Carfilzomib 

Abbreviations: AEs, adverse events; CR, complete response; CTCAE, common termi- 
nology criteria for adverse events; ECOPS, eastern cooperative oncology group 
performance status; HSCT, hematopoietic stem cell transplant; IMiD, immunomod- 
ulatory agent; Kd, carfilzomib-dexamethasone; KRd, carfilzomib-lenalidomide- 
dexamethasone; LOT, lines of treatment; mAb, monoclonal antibody; MM, multi- 
ple myeloma; ORR, overall response rate; OS, overall survival; PFS, progression-free 
survival; PI, proteasome inhibitor; Rd, lenalidomide-dexamethasone; RDI, relative dose 
intensity; RRMM, relapsed/refractory multiple myeloma; SOC, system organ class; 
TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse events; 
TTP, time to progression; Vd, bortezomib-dexamethasone; VGPR, very good partial 
response. 
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administered as either KRd or Kd was effective and well tolerated, even in patients with multiple prior LOTs, confirming 

the safety and response rates observed from clinical trials and real-world studies. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 25, No. 11, e886–e898 © 2025 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Introduction 

In 2022, multiple myeloma (MM) was the third most preva-
lent hematologic malignancy worldwide, following non-Hodgkin
lymphoma and leukemia, accounting for 187,952 new cases
reported globally. 1 The incidence of MM exhibit considerable varia-
tions based on ethnicity, with Asian countries reporting the highest
number of cases at 73,870, which constitutes 39.3% of the global
incidence, and mortality figures at 53,795, representing 44.3% of
the worldwide mortality of MM. 1-3 

Survival rates for patients with MM have substantially increased
in recent decades, largely due to the introduction of new therapeutic
options. The approval of multiple active agents for MM treatment,
including targeted small molecule inhibitors, novel immunomodu-
latory agents (IMiD), proteasome inhibitors (PI), and monoclonal
antibodies (mAb), has led to a wide array of potential drug combi-
nations for both patients with newly diagnosed MM and those with
relapsed MM. 4 Despite these therapeutic advancements, clinicians
in the real-world face considerable challenges in providing effective
care to patients with MM, such as selecting an optimal treatment
regimen and managing treatment-related toxicity and complications
during therapy. 

Carfilzomib, a second-generation PI, irreversibly binds to the CT-
L subunit of the proteasome, leading to sustained inhibition of the
ubiquitin-proteasome pathway, a key mechanism for intracellular
protein degradation. 5 Myeloma cells demonstrate greater sensitiv-
ity to proteasome inhibition than normal cells, making carfilzomib
particularly effective in this malignancy. 5 Clinical studies have
documented the efficacy of carfilzomib in adult patients with MM
who have undergone at least 1 prior therapy. The ASPIRE study
demonstrated that adding carfilzomib to a regimen of lenalido-
mide and dexamethasone (KRd) significantly improved progression-
free survival (PFS) compared with lenalidomide and dexametha-
sone alone in patients with relapsed/refractory MM (RRMM). 6 

The ENDEAVOR study demonstrated a significant improvement
in PFS for RRMM patients receiving carfilzomib with dexametha-
sone (Kd) compared to bortezomib and dexamethasone (Vd), a first-
generation PI regimen. 7 

Between 2017 and 2018, KRd and Kd were approved in
Australia, Hong Kong, Singapore, South Korea, and Taiwan for
patients with MM who had received 1-3 prior LOTs. However,
Asian real-world data on the use of carfilzomib outside of clini-
cal trials remain limited. 8 This study aimed to address this gap
by providing regional, real-world data on carfilzomib use in Asia
with a focus on regimen selection, efficacy and safety outcomes, and
reasons for discontinuation of therapy. These findings will provide
essential insights into carfilzomib’s real-world impact and effective-
ness beyond the clinical trial setting. 
 

Methods 

This was a prospective observational cohort study that collected
data from serial reviews of medical records of consenting patients
every 3 months. The first subject was enrolled on July 10, 2019,
and the final study follow-up was completed on June 8, 2023. The
study assumed that the relevant data were routinely recorded in
patient charts following local clinical practices, and that the data
were regularly abstracted from the charts at enrollment and at the
end of the study. The study involved adult patients ( ≥ 18 years)
who were diagnosed with MM and had received at least 1 prior
therapy before being treated with carfilzomib in the real-world clini-
cal setting. Eligible patients had received at least 1 dose of carfil-
zomib prescribed by their physicians. The study gathered baseline
data and details of MM treatment from the first dose of carfilzomib
and followed patients for up to 2 years after enrollment, or until
death, withdrawal of consent, loss to follow-up or study close. 

The study was conducted in countries which spanned across the
Asia Pacific region, including Australia, Korea, Hong Kong, Taiwan,
and Singapore, and covered a variety of healthcare settings, provid-
ing a comprehensive view of carfilzomib’s real-world use across
different types of healthcare facilities (such as academic centers, local
hospitals, and private offices). This approach enabled capture of a
broad spectrum of patient experiences and treatment outcomes. The
study included patients with MM whose therapy was carfilzomib-
related, with a focus on the KRd and Kd regimens. 

Statistical analyses employed descriptive summaries with two-
sided 95% confidence intervals (CIs) estimated via the Clopper-
Pearson method for binary outcomes and the Klein and
Moeschberger method for time to event outcomes, with no formal
hypotheses being tested. Categorical data were summarized by the
number and percentage of patients in each category, with two-sided
95% CIs presented using Wilson’s method where suitable. Contin-
uous data were summarized by mean, standard deviation (SD),
median, and range. Overall survival (OS) and time to progression
were analyzed and summarized using the Kaplan-Meier method. 

Data were summarized for the full analysis set, which included all
enrolled patients, and separately based on their treatment regimen
of KRd, Kd, or other. 

Results 

A total of 300 patients were included from various countries
in the Asia Pacific region, including Australia (n = 47), Korea
(n = 198), Hong Kong (n = 17), Taiwan (n = 25), and Singa-
pore (n = 13). These patients were enrolled in 29 sites starting in
July 2019 (first patient enrolled) until study termination in June
2023 (last patient completed study). There were 176 patients who
Clinical Lymphoma, Myeloma and Leukemia November 2025 e887
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received KRd, 114 patients who received Kd, and 10 patients who
received other regimens containing carfilzomib. 

The mean (SD) age at carfilzomib treatment initiation was 62.7
(8.7) years in the KRd treated patients, and 66.3 (9.6) years in the
Kd treated patients ( Table 1 ). Cytogenetic risk data were available
for 72.2% of KRd and 60.5% of Kd treated patients at the time of
MM diagnosis and indicated the number of patients with unfavor-
able or high-risk cytogenetics was 35.4% for KRd and 37.7% for
Kd treated patients. The International Staging System (ISS) status
available at MM diagnosis showed that 29.5% (52/176) of KRd and
26.3% (30/114) of Kd treated patients were ISS stage 3. 

Approximately 46.3% of all patients had Eastern Cooperative
Oncology Group performance status (ECOG PS) assessed at carfil-
zomib initiation. Of patients with available ECOG PS data, 95.7%
(n = 89) of KRd and 95.4% (n = 42) of Kd treated patients had an
ECOG PS ≤ 1. 

Medical history was reported for 81.3% of KRd and 86.0% of Kd
treated patients ( Table 2 ). A proportion of patients presented with
pre-existing cardiovascular conditions (35.8% for KRd, 51.8% for
Kd treated patients), predominantly hypertension (24.4% for KRd,
32.5% for Kd treated patients). 

The median time from the discontinuation of last prior treat-
ment to the initiation of carfilzomib-containing regimens was 14.9
months for the KRd treated patients and 1.6 months for the Kd
treated patients ( Table 3 ). Patients who received KRd had a median
of 1 prior LOT, while patients who received Kd were heavily
pre-treated (median prior LOTs = 3); more KRd treated patients
(69.3%) had 1 prior LOT compared with patients treated with
Kd (16.7%). Overall, 37.7% of Kd treated patients had at least 4
prior LOTs. The proportion of patients with disease progression 1
year or more after first-line treatment initiation was higher in those
treated with KRd (61.4%, n = 108) compared to those treated with
Kd (52.6%, n = 60). A large proportion of patients in the study
had prior exposure to bortezomib (88.1% of KRd, 89.5% of Kd).
Overall, while patients with both carfilzomib regimens had a compa-
rable proportion of patients who were treated with thalidomide
(58.5% of KRd and 65.8% of Kd treated patients), more Kd treated
patients had received pomalidomide or lenalidomide (19.3% and
71.9%, respectively) than KRd treated patients (0.6% and 5.1%,
respectively). Previous hematopoietic stem cell transplant (HSCT)
was reported for 56.8% of KRd and 50.9% of Kd treated patients.
A majority of the HSCTs were autologous. 

A summary of the planned carfilzomib administration, defined
as the physician-prescribed regimen and dose in the first week of
carfilzomib initiation, is presented in Table 4 . All patients received
at least 1 dose of carfilzomib. Most patients from the KRd (94.9%)
and Kd (80.7%) cohorts planned to receive carfilzomib on a twice-
weekly schedule, with 89.8% of KRd and 64.9% of Kd patients
planned to receive dosing according to the Kyprolis (carfilzomib)
Prescribing Information (20/27 mg/m2 for KRd and 20/56 mg/m2

for Kd). 9 

In the KRd treated patients, 75.6% of patients received an average
carfilzomib dose that was at the standard dose for this regimen of 27
mg/m2 . In the Kd treated patients, only 21.0% of patents received
an average carfilzomib dose at the standard dose for this regimen of
56 mg/m2 , with 70.2% of patients receiving a lower dose. 
Clinical Lymphoma, Myeloma and Leukemia November 2025
The median number of treatment cycles was 18 for the KRd
treated patients and 10 for the Kd treated patients. Among
patients receiving KRd, 29.5% discontinued treatment after achiev-
ing the required treatment response by completing 18 cycles as
recommended by Kyprolis (carfilzomib) Prescribing Information. 9

Overall, a similar proportion of patients discontinued carfilzomib
during the study observation period: 96.0% in the KRd and 92.1%
in the Kd treated patients. The Kaplan-Meier estimated median
time to discontinuation was 16.6 months (95% CI, 16.4-17.0)
for KRd and 10.3 months (95% CI, 8.1-14.4) for Kd treatment
patients. The estimated median follow-up times of 49.8 months
(95% CI, 32.4-NE) for KRd and 36.9 months (95% CI, 2.9.7-NE)
for Kd. 

Besides achieving the required treatment response (29.5%) in
the KRd treated patients, the main reason for discontinuation was
disease progression (22.7%). In the Kd treated patients, disease
progression was the primary reason for discontinuation in 60.5%
of patients. Other reasons for carfilzomib discontinuation in KRd
(34.1%) and Kd (20.2%) treated patients included the investigator’s
judgment of the clinical situation, challenges related to coronavirus
disease 2019 (COVID-19) pandemic, and lack of insurance cover-
age for carfilzomib/lenalidomide. 

Among patients with a response assessment as per physician crite-
ria ( Table 5 ), a high overall response rate (ORR) of 81.7% was seen
in KRd treated patients, with 53.6% achieving a complete response
(CR) or better and 73.3% achieving a very good partial response
(VGPR) or better. An ORR of 54.5% was observed in Kd treated
patients, with 27.2% achieving CR or better and 34.8% achieving
VGPR or better. 

Kaplan-Meier plots of time to progression (TTP) and overall
survival were shown in Figure 1 . Overall, 23.3% of KRd and 32.5%
of Kd treated patients had disease progression, with a median time
to progression of 38.5 months (95% CI, 35.7-not evaluable [NE])
and 23.7 months (95% CI, 19.4-37.3) for the KRd and Kd treated
patients, respectively ( Table 5 ). 

The median OS was 60.9 months (95% CI, 60.9-NE) for KRd
and 41.6 months (95% CI, 32.8-55.9) for Kd treated patients.
Deaths were recorded for 17.6% of KRd and 48.2% of Kd treated
patients. By the end of the study observation period, 73.9% of
KRd treated patients (n = 130) and 43.9% of Kd treated patients
(n = 50) were alive ( Table 5 ). 

The most frequently reported grade ≥ 3 treatment-emergent
adverse events (TEAEs) and treatment-related adverse events
(TRAEs) according to the Common Terminology Criteria for
Adverse Events (CTCAE), by system organ class (SOC), are
presented in Table 6 . CTCAE grade ≥ 3 TEAEs were reported for
18.8% of KRd and 30.7% of Kd treated patients. Only 4.0% of
KRd and 8.8% of Kd treated patients experienced CTCAE grade ≥
3 TRAEs. 

Carfilzomib discontinuation due to TEAEs occurred in 4.0%
of KRd and 7.9% of Kd treated patients. However, discon-
tinuation due to TRAEs was reported in 1.1% of KRd and
2.6% of Kd treated patients. Fatal TEAEs were reported in
4.5% of KRd and 14.0% of Kd treated patients, while fatal
TRAEs were reported in 0.0% of KRd and 1.8% of Kd treated
patients. 
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Table 1 Patient Demographics and Patient Disease Characteristics 

KRd (N = 176) Kd (N = 114) Other f (N = 10) Total (N = 300) 
Country, n (%) 

Australia 4 (2.3) 40 (35.1) 3 (30.0) 47 (15.7) 
Hong Kong 5 (2.8) 12 (10.5) 0 (0.0) 198 (66.0) 
Korea 157 (89.2) 41 (36.0) 0 (0.0) 17 (5.7) 
Singapore 2 (1.1) 6 (5.3) 5 (50.0) 25 (8.3) 
Taiwan 8 (4.5) 15 (13.2) 2 (20.0) 13 (4.3) 

Sex, n (%) 
Male 104 (59.1) 62 (54.4) 4 (40.0) 170 (56.7) 
Female 72 (40.9) 52 (45.6) 6 (60.0) 130 (43.3) 

Age at multiple myeloma diagnosis (years) 
Mean (SD) 59.5 (9.3) 61.7 (10.1) 61.0 (9.6) 60.4 (9.6) 

Age at carfilzomib initiation (years) 
Mean (SD) 62.7 (8.7) 66.3 (9.6) 64.7 (9.9) 64.1 (9.2) 

Cytogenetic status at multiple myeloma diagnosis 
Patients with cytogenetic risk reported, a n (%) 127 (72.2) 69 (60.5) 5 (50.0) 201 (67.0) 

High/unfavorable 45 (35.4) 26 (37.7) 2 (40.0) 73 (36.3) 
Intermediate 19 (15.0) 4 (5.8) 0 (0.0) 23 (11.4) 
Normal/favorable 51 (40.2) 23 (33.3) 2 (40.0) 76 (37.8) 
Unknown/not done 12 (9.4) 16 (23.2) 1 (20.0) 29 (14.5) 

Cytogenetic profile, n (%) 
At least 1 abnormality b 75 (58.6) 33 (47.8) 4 (80.0) 112 (55.4) 
High risk (IMWG) c 39 (30.5) 22 (31.9) 2 (40.0) 63 (31.2) 

Del(13) 24 (22.6) 16 (30.2) 2 (66.7) 42 (25.9) 
t(11;14) 17 (18.7) 7 (15.2) 1 (33.3) 25 (17.9) 
Chromosome 1 abnormalities 39 (36.4) 18 (33.3) 2 (50.0) 59 (35.8) 
t(4;14) 27 (23.5) 13 (21.7) 1 (25.0) 41 (22.9) 
Del(17p) 17 (11.5) 8 (13.8) 0 (0.0) 25 (11.2) 
t(14;16) 12 (10.8) 6 (10.5) 1 (25.0) 19 (11.0) 
t(6;14) 1 (2.2) 0 (0.0) 0 (0.0) 1 (1.1) 
t(14;20) 1 (1.6) 1 (2.3) 0 (0.0) 2 (1.8) 

Disease characteristics at carfilzomib initiation 
Time since diagnosis to C1D1 (months) 

Median (min, max) 30.30 (1.1, 243.4) 47.50 (1.0, 219.9) 30.45 (12.0, 107.3) 36.15 (1.0, 243.4) 
ISS stage at diagnosis, a n (%) 

I 52 (29.5) 15 (13.2) 3 (30.0) 70 (23.3) 
II 43 (24.4) 31 (27.2) 2 (20.0) 76 (25.3) 
III 52 (29.5) 30 (26.3) 2 (20.0) 84 (28.0) 
Unknown 29 (16.5) 38 (33.3) 3 (30.0) 70 (23.3) 

ECOG PS at carfilzomib initiation, b n (%) 
Patients with ECOG PS reported, n (%) 93 (52.8) 44 (38.6) 2 (20.0) 139 (46.3) 
0 44 (47.3) 24 (54.5) 1 (50.0) 69 (49.6) 
1 45 (48.4) 18 (40.9) 0 (0.0) 63 (45.3) 
2 3 (3.2) 1 (2.3) 1 (50.0) 5 (3.6) 
3 1 (1.1) 1 (2.3) 0 (0.0) 2 (1.4) 
4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Derived frailty score (Palumbo) at carfilzomib initiation, d , e n (%) 
Patients with frailty score 67 (38.1) 52 (45.6) 0 (0) 119 (39.7) 
Fit 50 (28.4) 35 (30.7) 0 (0.0) 85 (28.3) 
Intermediate 16 (9.1) 15 (13.2) 0 (0.0) 31 (10.3) 
Frail 1 (0.6) 2 (1.8) 0 (0.0) 3 (1.0) 

Abbreviations: C1D1 = cycle 1 day 1; ECOG PS = Eastern Cooperative Oncology Group Performance status; IMWG = International Myeloma Working Group; ISS = International Staging System; 
Kd = carflizmob with dexamethasone; KRd = carfilzomib with lenalidomide and dexamethasone; max = maximum; min = minimum; SD = standard deviation. 
a Percentage is relative to the number of patients with reported data. 
b Percentage is relative to the number of patients with cytogenetics reported. 
c del(17p), t(4;14), t(14;16). 
d Percentage is relative to the number of patients with data. 
e Derived from age, ECOG PS, and comorbidities (Palumbo et al. 2015, Facon et al. 2015). 
f The remaining patients (n = 10) received other carfilzomib-based triplets, mainly carfilzomib + cyclophosphamide + dexamethasone (KCyd), carfilzomib + pomalidomide + dexamethasone (KPd), or 
carfilzomib + daratumumab + dexamethasone (Kd-Dara). 
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Table 2 Summary of Medical History 

KRd (N = 176) n (%) Kd (N = 114) n (%) Other (N = 10) n (%) 
Patients reporting medical history 143 (81.3) 98 (86.0) 9 (90.0) 
Patients with pre-existing CV conditions 63 (35.8) 59 (51.8) 6 (60.0) 
Vascular disorders 48 (27.3) 46 (40.4) 2 (20.0) 

Deep vein thrombosis 4 (2.3) 6 (5.3) 0 (0.0) 
Hypertension 43 (24.4) 37 (32.5) 2 (20.0) 

Surgical and medical procedures 5 (2.8) 15 (13.2) 1 (10.0) 
Metabolism and nutrition disorders 24 (13.6) 35 (30.7) 5 (50.0) 

Diabetes mellitus 12 (6.8) 9 (7.9) 0 (0.0) 
Hyperlipidaemia 6 (3.4) 8 (7.0) 0 (0.0) 

Musculoskeletal and connective tissue disorders 39 (22.2) 24 (21.1) 2 (20.0) 
Neoplasms benign, malignant and unspecified (including cysts and polyps) 14 (8.0) 13 (11.4) 1 (10.0) 
Nervous system disorders 22 (12.5) 14 (12.3) 1 (10.0) 
Gastrointestinal disorders 34 (19.3) 21 (18.4) 0 (0.0) 
Cardiac disorders 11 (6.3) 16 (14.0) 3 (30.0) 

Atrial fibrillation 4 (2.3) 2 (1.8) 0 (0.0) 
Angina pectoris 2 (1.1) 2 (1.8) 0 (0.0) 
Cardiac failure 2 (1.1) 2 (1.8) 0 (0.0) 
Cardiac amyloidosis 2 (1.1) 0 (0.0) 0 (0.0) 

Infections and infestations 31 (17.6) 15 (13.2) 3 (30.0) 
Respiratory, thoracic and mediastinal disorders 16 (9.1) 14 (12.3) 0 (0.0) 
Renal and urinary disorders 18 (10.2) 13 (11.4) 1 (10.0) 

Chronic kidney disease 11 (6.3) 4 (3.5) 1 (10.0) 
Acute kidney injury 2 (1.1) 2 (1.8) 0 (0.0) 

Medical and surgical history were coded using MedDRA version 26.0. 
Abbreviations: CV = cardiovascular; Kd = carfilzomib with dexamethasone; KRd = carfilzomib with lenalidomide and dexamethasone; MedDRA = Medical Dictionary for Regulatory Activities. 
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The most frequently reported TEAEs categorized by system
organ class (SOC) are presented in Table 6 . Among KRd treated
patients (vs. Kd), the most frequently reported events by SOC
were infections and infestations (5.7% vs. 9.6%); benign, malig-
nant and unspecified neoplasms (3.4% vs .7.9%); general disor-
ders and administration site conditions (2.3% vs. 6.1%); and then
gastrointestinal disorders (2.3%) in KRd but respiratory, thoracic
and mediastinal disorders in Kd (2.6%). 

TRAEs categorized by SOC are also summarized in Table 6 .
Among KRd treated patients, the most frequently reported TRAEs
were infections and infestations (1.1%), general disorders and
administration site conditions (1.1%), and cardiac disorders (1.1%).
Among Kd treated patients, the most frequently reported TRAEs
were infections and infestations (3.5%), general disorders and
administration site conditions (2.6%), respiratory, thoracic and
mediastinal disorders (2.6%) and cardiac disorders (1.8%). 

The management of cardiotoxicity is summarized in Table 6 .
Among KRd treated patients (vs. Kd), 9.1% (vs. 17.5%) were receiv-
ing treatment for hypertension at carfilzomib initiation, with 24.4%
(vs. 27.2%) initiating antihypertensive therapy after initiating carfil-
zomib. Two patients receiving KRd (1.1%) were taking heart failure
treatment at initiation of carfilzomib, with 15 (8.5%) starting heart
failure treatment after carfilzomib initiation. Among Kd treated
patients, 4 patients (3.5%) were using heart failure treatment at time
of carfilzomib initiation, with 15 (13.2%) starting heart failure treat-
ment after carfilzomib initiation. Among patients who experienced
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cardiovascular toxicity (such as, hypertension, cardiac failure, or
ischemic heart disease), 0.0% (0/5) of affected KRd treated patients
and 16.7% (1/6) of affected Kd treated patients had a subsequent
carfilzomib dose reduction. MM therapy was withheld in 60.0%
(3/5) of affected KRd treated patients and 33.3% (2/6) of affected
Kd treated patients. 

Discussion 

KRd and Kd were the most utilized regimens in this real-
world study. Only 3.3% (10 of 300) of our study patients
received a carfilzomib-based regimen other than KRd or Kd, such
as carfilzomib + cyclophosphamide + dexamethasone (KCyd),
carfilzomib + pomalidomide + dexamethasone (KPd), or carfil-
zomib + daratumumab + dexamethasone (Kd-Dara). This study
reports that both the Kd and KRd regimens were safe and effec-
tive in patients with RRMM and aligns with the known safety
profile of carfilzomib in the phase 3 randomized controlled trials,
ENDEAVOR (Kd vs. Vd) 7 and ASPIRE (KRd vs. Rd). 6 Impor-
tantly, our study also sheds light on some differences between the
patient selection and outcomes of the two carfilzomib regimens in
the real-world settings. 

This study used data from medical records and suggested that
MM assessment in Asia is thorough with documented ISS stage
available for 76.7% of patients and documented cytogenetic risk for
67% of patients at first diagnosis. Documented ECOG PS was avail-
able for 46.3% of patients who initiated carfilzomib. These findings
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Table 3 Prior Treatment History and Prior Therapy 

KRd (N = 176) Kd (N = 114) Other (N = 10) Total (N = 300) 
Time since last prior treatment discontinuation to C1D1 (months) 
Median (min, max) 14.90 

(0.0, 128.6) 
1.60 

(0.0, 94.4) 
1.35 

(0.0, 31.6) 
4.90 

(0.0, 128.6) 
Number of lines of prior treatment—n (%) 
1 122 (69.3) 19 (16.7) 2 (20.0) 143 (47.7) 
2 37 (21.0) 20 (17.5) 1 (10.0) 58 (19.3) 
3 13 (7.4) 32 (28.1) 3 (30.0) 48 (16.0) 
4 or more 4 (2.3) 43 (37.7) 4 (40.0) 51 (17.0) 
Median (min, max) 1 (1, 6) 3 (1, 12) 3 (1, 7) 2 (1, 12) 
Time to progression after first-line treatment initiation—n (%) 
Progression less than 1 year 38 (21.6) 21 (18.4) 2 (20.0) 61 (20.3) 
Progression 1 year or more 108 (61.4) 60 (52.6) 6 (60.0) 174 (58.0) 
Did not relapse/progress 29 (16.5) 32 (28.1) 2 (20.0) 63 (21.0) 
Unknown 1 (0.6) 1 (0.9) 0 (0.0) 2 (0.7) 
Prior therapy—n (%) 
Proteasome inhibitor 156 (88.6) 105 (92.1) 10 (100.0) 271 (90.3) 

Bortezomib 155 (88.1) 102 (89.5) 10 (100.0) 267 (89.0) 
Ixazomib 4 (2.3) 7 (6.1) 1 (10.0) 12 (4.0) 
Carfilzomib 0 (0.0) 3 (2.6) 0 (0.0) 3 (1.0) 

IMiD 104 (59.1) 105 (92.1) 7 (70.0) 216 (72.0) 
Thalidomide 103 (58.5) 75 (65.8) 4 (40.0) 182 (60.7) 
Pomalidomide 1 (0.6) 22 (19.3) 2 (20.0) 25 (8.3) 
Lenalidomide 9 (5.1) 82 (71.9) 7 (70.0) 98 (32.7) 

Chemotherapy 109 (61.9) 84 (73.7) 9 (90.0) 202 (67.3) 
Monoclonal antibody 5 (2.8) 7 (6.1) 2 (20.0) 14 (4.7) 

Daratumumab 5 (2.8) 7 (6.1) 2 (20.0) 14 (4.7) 
Elotuzumab 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Isatuximab 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Panobinostat 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Other 3 (1.7) 0 (0.0) 0 (0.0) 3 (1.0) 
Previous hematopoietic stem 

cell transplant 
100 (56.8) 58 (50.9) 8 (80.0) 166 (55.3) 

Previously treated for MM in a 
clinical trial 

48 (27.3) 28 (24.6) 0 (0.0) 76 (25.3) 

Previous radiotherapy for MM 21 (11.9) 20 (17.5) 0 (0.0) 41 (13.7) 

Abbreviations: C1D1 = cycle 1 day 1; Kd = carfilzomib with dexamethasone; KRd = carfilzomib with lenalidomide and dexamethasone; IMiD = immunomodulatory drug; max = maximum; 
min = minimum; MM = multiple myeloma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aligned with carfilzomib real-world studies from Europe (with data
on ISS in 35.1%-81%, cytogenetic risk in 18.1%-38%, and ECOG
PS in 70.8% of patients). 10 , 11 In the real-world setting, variability in
physician-recorded responses and incomplete cytogenetic data limit
direct comparisons between regimens and may constrain the gener-
alizability of our findings to the broader RRMM population. 

In this study, the initial mean age at MM diagnosis was 60.4 years.
In the KRd treated patients, the mean age of starting carfilzomib
was 62.7 years, which is lower than the 66.3 years observed with
the Kd treated patients. A similar trend is observed in real-world
data from Europe where patients with RRMM initiated KRd at an
median age of 63 years and Kd at an median age of 68 years. 10 , 11

Although the median ages of carfilzomib patients with RRMM was
around 64-65 years in ENDEAVOR and ASPIRE, 6 , 7 our real-world
study observed that KRd was given to younger patients compared
with those receiving Kd. Additionally, KRd treated patients had
fewer prior LOTs and concomitant health issues, such as heart
problems, when compared with Kd. Although the KRd regimen
appears to have high ORR and CR rates, the inclusion of lenalido-
mide may impact the tolerability for some patients, such as older
patients, heavily pretreated patients, or those with renal impairment
or thrombosis due to its cumulative side effects. 

Our real-world study revealed that in Asia, carfilzomib was often
administered later in the treatment sequence for RRMM. This
trend was especially notable for the Kd regimen. In contrast to
the randomized controlled trials ASPIRE and ENDEAVOR, which
enrolled patients with 1–3 prior lines of therapy (LOTs), 69.3%
of the KRd treated patients in our study had received only 1 prior
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Table 4 Summary of Carfilzomib Administration and Discontinuation 

KRd 
(N = 176) 

Kd 
(N = 114) 

Planned twice weekly schedule, n (%) 167 (94.9) 92 (80.7) 
20/27 mg/m2 158 (89.8) 9 (7.9) 
20/56 mg/m2 5 (2.8) 74 (64.9) 
Other 4 (2.3) 9 (7.9) 

20/36 mg/m2 1 (0.6) 1 (0.9) 
≤ 27 mg/m2 3 (1.7) 1 (0.9) 
Not classified 0 (0.0) 7 (6.1) 

Patients who received 20 mg/m2 at the first dose of carfilzomib, 
n (%) 

165 (93.8) 95 (83.3) 

Average dose per administration (mg/m2 ), a overall 
Mean (SD) 27.75 (5.57) 47.17 (10.79) 
Median (min, max) 26.84 (20.0, 68.1) 51.92 (17.3, 68.6) 

Average dose per administration group, b overall 
Below standard dose c , n (%) 20 (11.4) 80 (70.2) 
At standard dose d , n (%) 133 (75.6) 24 (21.0) 
Above standard dose e , n (%) 23 (13.0) 10 (8.8) 

Average number of doses of carfilzomib administered per cycle, all administrations f 

Mean (SD) 5.31 (0.79) 5.00 (1.23) 
Number of cycles patient received carfilzomib 

Mean (SD) 14.9 (5.5) 12.0 (10.2) 
Median (min, max) 18.0 (1, 31) 10.0 (1, 53) 

Patients who are continuing carfilzomib, n (%) 7 (4.0) 9 (7.9) 
Patients who discontinued carfilzomib, n (%) 169 (96.0) 105 (92.1) 

Disease progression/refractory n (%) 40 (22.7) 69 (60.5) 
Required level of treatment response reached g n (%) 52 (29.5) 0 (0.0) 
Patient request n (%) 5 (2.8) 7 (6.1) 
Transplant n (%) 4 (2.3) 0 (0.0) 
Adverse event n (%) 4 (2.3) 4 (3.5) 
Death n (%) 3 (1.7) 2 (1.8) 
Loss to follow-up n (%) 1 (0.6) 0 (0.0) 
Noncompliance n (%) 0 (0.0) 0 (0.0) 
Other h n (%) 60 (34.1) 23 (20.2) 

Kaplan-Meier median estimate of time to carfilzomib 
discontinuation, months (95% CI) 

16.6 (16.4-17.0) 10.3 (8.1-14.4) 

Median follow-up, i months (95% CI) 49.8 (32.4-NE) 36.9 (29.7-NE) 

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; Kd = carfilzomib with dexamethasone; KRd = carfilzomib with lenalidomide and dexamethasone; max = maximum; 
min = minimum; SD = standard deviation. 
a Average dose per administration was calculated as the cumulative dose received divided by the number of doses administered. 
b Total dose received divided by the number of doses administered. 
c KRd ≤ 26; Kd: ≤ 55. 
d KRd: > 26 and < 28; Kd: > 55 and < 57. 
e KRd: ≥ 28; Kd ≥ 57. 
f Total number of doses administered divided by the number of cycles in which at least 1 dose of carfilzomib was administered. 
g Patients completed 18 cycles of KRd regimen suggested in the carfilzomib label. 
h Other reasons, which were not found in medical records, included investigator’s decision to the clinical situation, COVID-19 pandemic, limited insurance coverage for carfilzomib/lenalidomide etc. 
i Estimated using the reverse Kaplan-Meier method (Schemper and Smith, 1996). 
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LOT, whereas 65.8% of the Kd treated patients had received 3 or
more prior LOTs. These findings were aligned with other real-world
studies, such as the studies in Europe, wherein 32% of KRd treated
patients and 53.8% of Kd treated patients had received 3 or more
prior LOTs; 11 , 12 and the KRd study in Korea with 27% having
received 4 or more prior LOTs. 13 In the Asian countries included
in our study, factors such as National Health Insurance reimburse-
Clinical Lymphoma, Myeloma and Leukemia November 2025
ment criteria, treatment affordability, and the recent introduction of
anti-CD38 monoclonal antibodies may have influenced the use of
carfilzomib in different lines of MM treatment sequence. 

The long interval (14.9 months) between the end of the last treat-
ment and the start of the KRd regimen, compared to the short inter-
val (1.9 months) for the Kd regimen reflects their roles in a typical
myeloma treatment journey. Patients selected for KRd were usually
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Table 5 Summary of Best Overall Response, Time to Progression, and OS 

KRd Kd Other 
Best Overall Response 
Patients with a response assessment (response assessment analysis set), n (%) 142 (80.7) 66 (57.9) 9 (90.0) 
ORR, a n (%) 116 (81.7) 36 (54.5) 4 (44.4) 

Best overall response of ≥ CR, n (%) 76 (53.6) 18 (27.2) 1 (11.1) 
Best overall response of ≥ VGPR, n (%) 104 (73.3) 23 (34.8) 2 (22.2) 

sCR 15 (10.6) 3 (4.5) 1 (11.1) 
CR 61 (43.0) 15 (22.7) 0 (0.0) 
VGPR 28 (19.7) 5 (7.6) 1 (11.1) 

PR 12 (8.5) 13 (19.7) 2 (22.2) 
MR 1 (0.7) 1 (1.5) 0 (0.0) 
Stable disease 11 (7.7) 7 (10.6) 1 (11.1) 
PD 11 (7.7) 22 (33.3) 4 (44.5) 
NE 3 (2.1) 0 (0.0) 0 (0.0) 
ORR in patients with 1 prior line of treatment n/N (%) 90/102 (88.2) 7/12 (58.3) - 
ORR in patients with 2 prior lines of treatment n/N (%) 20/30 (66.7) 6/9 (66.7) - 
ORR in patients with 3 prior lines of treatment n/N (%) 4/7 (57.1) 8/17 (47.1) - 
ORR in patients with ≥ 4 prior lines of treatment n/N (%) 2/3 (66.7) 15/28 (53.6) 
Time to progression 
Patient status, n (%) 

Events a 41 (23.3) 37 (32.5) 6 (60.0) 
Censored 135 (76.7) 77 (67.5) 4 (40.0) 

Time to progression (KM) (months) c 

Median (95% CI) 38.5 (35.7-NE) 23.7 (19.4-37.3) 19.2 (2.4-NE) 
Overall survival b 
Patient status, n (%) 

Death 31 (17.6) 55 (48.2) 5 (50.0) 
Censored 145 (82.4) 59 (51.8) 5 (50.0) 

Alive 130 (73.9) 50 (43.9) 4 (40.0) 
Withdrawal consent 3 (1.7) 2 (1.8) 0 (0.0) 
Lost to follow-up 12 (6.8) 7 (6.1) 1 (10.0) 

OS (months) c 

Median (95% CI) 60.9 (60.9-NE) 41.6 (32.8-55.9) NE (0.6-NE) 

a An event is defined as disease progression during the observational period. Time to progression was calculated in months as: (date of disease progression or censoring - first carfilzomib dose 
date + 1)/30.4. Patients without myeloma response assessment were censored to C1D1; patients without disease progression were censored to the date of last myeloma response assessment; patients 
with withdrawal of consent before disease progression were censored to the date of last myeloma response assessment before withdrawal of consent. 
b OS was defined as the time from the first dose of carfilzomib in the first cycle to the date of death due to any cause: OS in months = (death date - first carfilzomib dose date + 1)/30.4. Patients 
who were alive, withdrew consent, or were lost to follow-up were censored at their last known alive date. The observational period was defined as the period from the first dose of carfilzomib to the 
end of study. If patients received subsequent antimyeloma treatment before the end of study, the observation period was defined as the period from the first dose of carfilzomib until the first dose of 
subsequent antimyeloma therapy after discontinuation of carfilzomib. 
c Time was calculated from carfilzomib initiation to disease progression. Medians were estimated using the Kaplan-Meier method. 95% CIs for medians and percentiles were estimated using the method 
by Klein and Moeschberger (1997) with log-log transformation.Abbreviations: C1D1 = cycle 1 day 1; CI = confidence interval; CR = complete response; Kd = carfilzomib with dexamethasone; 
KM = Kaplan-Meier; KRd = carfilzomib with lenalidomide and dexamethasone; MR = minimal response; NE = not evaluable; ORR = overall response rate; OS = overall survival; PD = progressive 
disease; PR = partial response; sCR = stringent complete response; VGPR = very good partial response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in an earlier line of therapy, often after a successful, durable response
to frontline induction ± transplant. When their first regimen
lost effect, the disease often progressed slowly enough to allow a
prolonged “treatment-free” or maintenance phase before KRd was
begun. By contrast, most Kd recipients were heavily pre-treated
and had relapsed multiple times. In this setting, disease biology is
usually more aggressive and prior options have shorter remissions, so
clinicians move almost immediately from one regimen to the next.
Hence, once the previous therapy failed, patients needed prompt
initiation of Kd to regain disease control. 
This study reported the planned and received carfilzomib dose
in 2 regimens, KRd (K standard twice-weekly dose of 27 mg/m2 )
and Kd (K standard twice-weekly dose of 56 mg/m2 ). The median
carfilzomib dose for KRd was 26.84 mg/m2 , and most KRd treated
patients (75.6%) received the recommended dose. The median
carfilzomib dose for Kd was 51.92 mg/m2 , but less than a quarter
of Kd treated patients (21.0%) received the standard Kd dose,
with most patients receiving lower than the suggested Kd dose.
In real-world settings, the carfilzomib dose in the Kd regimen was
often reduced, possibly due to factors such as the frailty of patients
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Table 6 Summary of Treatment-Emergent, Treatment-Related Adverse Events and Management of Cardiovascular Issues 

KRd (N = 176), n (%) Kd (N = 114), n (%) Other (N = 10), n (%) 
TEAEs 
Number of patients reporting grade ≥ 3 TEAEs 33 (18.8) 35 (30.7) 2 (20.0) 

Leading to discontinuation of carfilzomib 7 (4.0) 9 (7.9) 1 (10.0) 
Leading to blood transfusion 1 (0.6) 1 (0.9) 0 (0.0) 
Leading to a dose reduction of carfilzomib 1 (0.6) 3 (2.6) 0 (0.0) 
Fatal adverse events 8 (4.5) 16 (14.0) 1 (10.0) 

System organ class in preferred term of TEAEs 
Infections and infestations 10 (5.7) 11 (9.6) 2 (20.0) 
Neoplasms benign, malignant and unspecified (Including cysts and polyps) 6 (3.4) 9 (7.9) 1 (10.0) 
General disorders and administration site conditions 4 (2.3) 7 (6.1) 0 (0.0) 
Gastrointestinal disorders 4 (2.3) 2 (1.8) 0 (0.0) 
Respiratory, thoracic and mediastinal disorders 3 (1.7) 3 (2.6) 0 (0.0) 
Cardiac disorders 3 (1.7) 2 (1.8) 0 (0.0) 
Hepatobiliary disorders 3 (1.7) 1 (0.9) 0 (0.0) 
Blood and lymphatic system disorders 2 (1.1) 2 (1.8) 0 (0.0) 
Nervous system disorders 0 (0.0) 4 (3.5) 0 (0.0) 
Musculoskeletal and connective tissue disorders 0 (0.0) 3 (2.6) 0 (0.0) 
Renal and urinary disorders 2 (1.1) 0 (0.0) 0 (0.0) 
Metabolism and nutrition disorders 1 (0.6) 1 (0.9) 0 (0.0) 
Injury, poisoning and procedural complications 0 (0.0) 2 (1.8) 0 (0.0) 
Vascular disorders 1 (0.6) 0 (0.0) 0 (0.0) 

TRAEs 
Number of patients reporting grade ≥ 3 TRAEs 7 (4.0) 10 (8.8) 2 (20.0) 

Leading to discontinuation of carfilzomib 2 (1.1) 3 (2.6) 1 (10.0) 
Leading to blood transfusion 0 (0.0) 1 (0.9) 0 (0.0) 
Leading to a dose reduction of carfilzomib 0 (0.0) 0 (0.0) 0 (0.0) 
Fatal adverse events 0 (0.0) 2 (1.8) 1 (10.0) 

System Organ Class in Preferred Term of TRAEs 
Infections and infestations 2 (1.1) 4 (3.5) 1 (10.0) 
General disorders and administration site conditions 2 (1.1) 3 (2.6) 0 (0.0) 
Cardiac disorders 2 (1.1) 2 (1.8) 0 (0.0) 
Respiratory, thoracic and mediastinal disorders 1 (0.6) 3 (2.6) 0 (0.0) 
Gastrointestinal disorders 1 (0.6) 0 (0.0) 0 (0.0) 
Blood and lymphatic system disorders 0 (0.0) 1 (0.9) 0 (0.0) 
Injury, poisoning and procedural complications 0 (0.0) 1 (0.9) 0 (0.0) 
Neoplasms benign, malignant and unspecified (incl cysts and polyps) 0 (0.0) 0 (0.0) 1 (10.0) 

Management of cardiovascular issues 
Hypertension management 

Taking antihypertensive treatment at carfilzomib regimen initiation 16 (9.1) 20 (17.5) 0 (0.0) 
Initiation of antihypertensive treatment after carfilzomib regimen initiation 43 (24.4) 31 (27.2) 2 (20.0) 
Dose increase of existing antihypertensive treatment 4 (2.3) 9 (7.9) 0 (0.0) 
Initiation of antihypertensive treatment or dose increase of existing antihypertensive treatment 44 (25.0) 31 (27.2) 2 (20.0) 

Heart failure treatment 
Taking heart failure treatment at carfilzomib regimen initiation 2 (1.1) 4 (3.5) 0 (0.0) 
Initiation of heart failure treatment after carfilzomib regimen initiation 15 (8.5) 15 (13.2) 0 (0.0) 
Dose increase of existing heart failure treatment 2 (1.1) 4 (3.5) 0 (0.0) 
Initiation of heart failure treatment or dose increase of existing heart failure treatment 15 (8.5) 16 (14.0) 0 (0.0) 

Number of patients who have experienced ≥ 1 cardiovascular toxicity a 5 (2.8) 6 (5.3) 0 (0.0) 
Dose reduction of carfilzomib due to cardiotoxicity a , n/N (%) b 0 (0.0) 1/6 (16.7) 0 (-) 
Dose reduction of multiple myeloma treatment due to cardiotoxicity a , n/N (%) b 0 (0.0) 1/6 (16.7) 0 (-) 
Multiple myeloma treatment withheld due to cardiotoxicity a , n/N (%) b 3/5 (60.0) 2/6 (33.3) 0 (-) 

Adverse events were coded using MedDRA version 26.0. TEAEs are events with an onset after the administration of the first dose of carfilzomib and up to the earliest of end of study or 30 days after 
the last dose of carfilzomib. Multiple myeloma treatment included carfilzomib, dexamethasone, and lenalidomide. 
a Cardiovascular toxicity was defined as a patient who experienced at least 1 TEAE from the following MedDRA search strategies: criteria 1: hypertension (PT); criteria 2: cardiac failure (SMQN); criteria 
3: Ischaemic heart disease (SMQB); criteria 4: cardiovascular event determined by physician. 
b Percentage was relative to the number of patients who experienced at least 1 cardiovascular toxicity.Abbreviations: Kd = carfilzomib with dexamethasone; KRd = carfilzomib with lenalidomide and 
dexamethasone; MedDRA = Medical Dictionary for Regulatory Activities; TEAE = treatment-emergent adverse event; TRAE = treatment-related treatment emergent adverse event. 
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Figure 1 Kaplan-Meier plot of (A) Time to progression and (B) Overall survival. 

(A) KRd = carfilzomib + lenalidomide + dexamethasone; Kd = carfilzomib + dexamethasone; Other = carfilzomib + other agents; C1 D1 = Cycle 1 Day 1. The 
full analysis set is defined as all patients enrolled in the study, where 11 deceased patients enrolled prior to waiver of informed consent approval are excluded. An 
event is defined as disease progression during observational period. Time to progression is calculated in months as: (Date of disease progression or censoring 
- First carfilzomib dose date + 1)/30.4. Patients without myeloma response assessment will be censored to C1 D1; subjects without disease progression will 
be censored to date of last myeloma response assessment; subjects with withdrawal of consent before disease progression will be censored to date of last 
myeloma response assessment before withdrawal of consent. The observational period is defined as the period from the first dose of carfilzomib until end of 
study. If patients have received subsequent anti-myeloma treatment before end of study, the observation period is defined as the period from the first dose of 
carfilzomib until the first dose of subsequent anti-myeloma therapy after discontinuation of carfizomib. (B) KRd = carfilzomib + lenalidomide + dexamethasone; 
Kd = carfilzomib + dexamethasone; Other = carfilzomib + other agents; OS = Overall Survival. The full analysis set is defined as all patients enrolled in the 
study, where 11 deceased patients enrolled prior to waiver of informed consent approval are excluded. The survival curves in this plot and the median OS are 
derived by Kaplan-Meier method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with MM in later LOTs, cardiovascular risks, and treatment costs.
Additionally, the adoption of a once-weekly dosing schedule, which
involves administering carfilzomib on Days 1, 8, and 15 of a 28-
day cycle—compared to the traditional twice-weekly schedule on
Days 1, 2, 8, 9, 15, and 16—also influenced overall dose exposure.
While the weekly schedule results in an increased range of doses, it
does not necessarily affect the median dose. This shift to a weekly
regimen is intended to enhance convenience, reduce the burden of
frequent clinic visits, and potentially improve tolerability, especially
in more vulnerable patient populations. 

When our study opened in mid-2019, the approved carfil-
zomib options in the participating countries were the twice-weekly
KRd and Kd schedules listed in the local Kyprolis (carfilzomib)
Prescribing Information. Since then, the therapeutic landscape has
expanded: once-weekly Kd (70 mg/m ²) and new triplets such as
KPd, Kd-Dara, and Isa-Kd (isatuximab + carfilzomib + dexam-
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ethasone) have become choices, and several centers are testing
intermediate-dose Kd or novel partners (eg, bendamustine, next-
generation immunotherapies) to improve tolerability in frail, heavily
pre-treated patients. Accordingly, a study launched today would
likely capture a different and even more diverse set of real-world
treatment patterns and outcomes. 

The observation period lasted until > 90% of patients stopped
carfilzomib treatment. KRd had an estimated median (Kaplan-
Meier) time to discontinuation of 16.6 months, which is compa-
rable to the 18-month recommended treatment (18 cycles) accord-
ing to the Kyprolis (carfilzomib) Prescribing Information. 9 Kd had
an estimated median time to discontinuation of 10.3 months,
which is comparable to the median PFS of 14.9 months from
an Asian subgroup analysis of the ENDEAVOR trial. 14 Among
KRd treated patients, 29.5% discontinued carfilzomib after achiev-
ing the required level of treatment response, indicating strong
adherence to treatment protocols of completing 18 cycles in
clinical practice. KRd regimens, which is known for its toler-
ability and efficacy, might contribute to patients completing
planned cycles without progression or discontinuation due to
adverse events. Discontinuation reasons were obtained from medical
records in our study. All instances of carfilzomib discontinua-
tion not specified in medical records, were categorized as “Other”
reasons (34.1% for KRd, 20.2% for Kd treated patients). Some
of these reasons included the COVID-19 pandemic, investi-
gator’s judgment, and financial limitations affecting treatment
continuation. 

In this real-world setting, the response assessment analysis set
represents a subset of patients with recorded or evaluable response
data. This subset is smaller than the full analysis set, reflect-
ing practical challenges in capturing complete data in real-world
practice. Factors such as patients being lost to follow-up, incomplete
documentation, or variability in data collection protocols contribute
to the gap between the full analysis set and the response assess-
ment set. We recognize that the difference between the full set
and the response assessment set may raise concerns about bias. Of
the patients with a response assessment per physician criteria, KRd
treated patients had a high ORR of 81.7%, with CR in 53.6% and
VGPR in 73.3% of treated patients. The ASPIRE trial compared
KRd with Rd (lenalidomide and dexamethasone alone) in patients
with RRMM who had received 1-3 prior treatments. The response
rate for KRd treated patients in our study was consistent with obser-
vations in the ASPIRE trial (ORR, 87.1%; CR, 31.8%), and the
real-world KRd studies from Italy (ORR, 83%; CR, 21%), and
Korea (ORR, 73%; CR, 27%). 6 , 12 , 13 

Among the Kd treated patients in our study, ORR was 54.5%,
with CR in 27.2% and VGPR in 34.8% of treated patients. This
response rate was similar to that in the Kd real-world study in
Europe (ORR, 68.8%; CR, 13.2%; and VGPR, 43.6%) but slightly
lower than reported for the Asian subgroup analysis of the phase 3
ENDEAVOR trial (ORR, 80.4%; and VGPR, 62.5%). 11 , 14 Unlike
clinical trials wherein patients must adhere to the prescribed dosing
schedule, in real-world settings (like our study) deviations from the
approved dosing and regimen may impact the observed efficacy. In
this study, most of Kd treated patients (37.7%) had 4 or more prior
LOTs, in contrast to ENDEAVOR, where half of patients in the
Clinical Lymphoma, Myeloma and Leukemia November 2025
Kd arm had received 1 prior LOT and half had received 2-3 prior
LOTs. 14 

In real-life settings, disease progression may not be immediately
detected due to the absence of regular clinical tests and protocol-
defined follow-ups. Likewise, death may be underreported due
to factors such as loss to follow-up, occurrences outside hospital
settings, misattribution to other causes, and other reporting limita-
tions. These data may be incomplete or missing from medical
records and some patients may be lost to follow-up. The survival
of patients may be extended by the subsequent newly approved and
emerging MM therapies. The comparison of TTP and OS data of
real-world studies to those of phase 3 randomized controlled trials
should be interpreted with caution. With this in mind, the present
study had a median TTP of 38.5 months for KRd treated patients
and 23.7 months for Kd treated patients. The median OS was
60.9 months for patients receiving KRd patients and 41.6 months
for the Kd treated patients. These results were comparable to the
findings of the ASPIRE (KRd: PFS, 26.3 months; OS, 48.3 months
and the ENDEAVOR (Kd: PFS, 18.7 months; OS, 47.6 months)
trials. 6 , 7 , 15 , 16 

In our study, the KRd regimen demonstrated outcomes consis-
tent with those observed in confirmatory trials, showing compara-
ble time to progression and OS. In real-world clinical practice, KRd
is widely regarded as a standard second-line treatment option for
cases that are not refractory to a first-line lenalidomide-containing
regimen. Further research is needed to explore the outcomes of
transplant-eligible patients who received KRd as a second-line
therapy following upfront autologous transplantation. Such studies
could provide valuable insights into the potential benefits of second-
line lenalidomide-based combination therapy compared to lenalido-
mide maintenance therapy alone after transplantation. In contrast,
the Kd regimen was generally used in later lines of therapy but deliv-
ered notable OS results. Clinically, the Kd regimen is frequently
selected for third- or fourth-line treatment settings, particularly in
patients without prior exposure to carfilzomib. 

In our real-world study, a significant proportion of patients
presented with pre-existing cardiovascular conditions at the initia-
tion of carfilzomib treatment, reflecting the challenges of manag-
ing heavily pretreated and often older populations with multi-
ple comorbidities. Hypertension was the most prevalent condition,
particularly among patients receiving Kd, emphasizing the need for
careful cardiovascular monitoring in this subgroup. The low rate of
cardiac TRAEs leading to carfilzomib discontinuation in this study
is particularly notable given the relatively high prevalence of pre-
existing cardiovascular conditions among participants (35.8% in
KRd and 51.8% in Kd). Despite a substantial proportion of patients
requiring treatment for hypertension or heart failure before or after
carfilzomib initiation, dose reductions and treatment discontinua-
tions due to cardiovascular AEs were rare. Although the number
of patients is limited, no KRd treated patients with cardiovascu-
lar toxicity had a carfilzomib dose reduction, and only 16.7% of
affected Kd treated patients required one. These findings reinforce
the overall cardiac safety profile of carfilzomib in a real-world setting.

TEAEs were observed more frequently in Kd treated patients
compared to those on KRd, aligning with the higher prevalence
of underlying health issues in the Kd cohort. TEAEs were more
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common and grade ≥ 3 events higher in the Kd cohort, consis-
tent with Kd treated patients having heavier prior therapy burden
and greater comorbidity. Notably, infections and tumors emerged
as the most common adverse events among KRd treated patients,
while Kd treated patients also experienced issues related to blood
disorders and general health problems. Despite these adverse events,
TRAEs were relatively uncommon, with only a small percentage of
patients discontinuing carfilzomib. This suggests that carfilzomib
overall safety profile remains consistent with findings from clinical
trials. These results showed the importance of tailoring regimens like
KRd and Kd based on patient-specific factors, such as age, comor-
bidities, and treatment history, to maximize efficacy while minimiz-
ing adverse effects. 

The study is not without limitations. The data were collected
from 5 different countries with different reimbursement policies
and access to MM treatment, which may affect the generalizabil-
ity of the findings. Additionally, variability in medical records and
common clinical practices in real-world settings could have influ-
enced the consistency and completeness of the data. This study
also had a broader eligibility criteria compared to clinical trials,
which may contribute to differences in observed outcomes. We
agree that, as an observational study, our analysis is vulnerable to
selection bias. Because the KRd and Kd treated patients differed
substantially at baseline, any comparison between the regimens is
descriptive only, not inferential and reflects the inherent limita-
tions of real-world, non-randomized data. Despite these limitations,
the study provides valuable information regarding carfilzomib treat-
ment practices and outcomes of Asian populations and emphasizes
the need for customized treatment approaches for this group. The
study also adds to the growing evidence that supports the safe and
effective use of carfilzomib in the real-world treatment of RRMM,
especially in the Asian Pacific region. One notable difference from
clinical trials is the use of carfilzomib in later LOTs in Asia, often in
a more challenging disease state. Moreover, the study showed real-
world challenges, such as insurance coverage, tolerability issues, and
patient conditions, which can affect treatment decisions and dosing
regimens. These findings could help patients, prescribers, and payers
in understanding the real-world use of the drug, including adher-
ence to prescribed dosing and scheduling, a comprehensive overview
of treatment patterns, and the practical use of carfilzomib beyond
the controlled environment of clinical trials. 

Conclusions 

This real-world study offers a comprehensive view of how carfil-
zomib is used in real-world settings for patients with RRMM in
the Asia Pacific region. This study reviewed medical records across
5 countries to provide valuable insights into the diversity of MM
disease and its treatment patterns. Despite baseline differences, KRd
was linked to fewer high-grade TRAEs and lower risks of progres-
sion and death than Kd, supporting KRd as the preferred second-
line regimen for lenalidomide-sensitive, fit patients. Kd still has a
role in later-line or lenalidomide-refractory settings, but less inten-
sive dosing schedules deserve evaluation. Prospective studies that
integrate frailty indices and biomarker-based risk stratification are
needed to refine patient selection and optimise real-world carfil-
zomib use. 
Efficacy outcomes observed in this real-world study were largely
comparable to those reported in clinical trials and other real-world
studies, confirming carfilzomib as an effective treatment option
for RRMM. While differences in demographics and prior LOTs
between the KRd and Kd regimens were noted, these differences
were consistent with those seen in trials such as ASPIRE and
ENDEAVOR, supporting the notion that carfilzomib performs
similarly in real-world practice. This study also showed that the
safety profile of carfilzomib in both the KRd and Kd regimens aligns
with the known safety profile established in key clinical trials; no
new safety concerns were identified. 

In summary, this study contributes to the understanding of carfil-
zomib’s real-world use, confirming both its safety and effectiveness
in the Asia Pacific patients. These findings have important impli-
cations for optimizing the use of carfilzomib in the treatment of
RRMM in clinical practice. 

Data Sharing Statement 
Qualified researchers may request data from Amgen clinical

studies. Complete details are available at: https://www.amgen.com/
science/clinical- trials/clinical- data- transparency- practices . 

Clinical Practice Points 
Efficacy of Carfilzomib Regimens: KRd (Carfilzomib + Lenalido-
mide + Dexamethasone) demonstrated a higher overall response
rate (ORR) of 81.7% compared to Kd (Carfilzomib + Dexam-
ethasone) with an ORR of 54.5%. Median overall survival (OS)
was significantly longer for KRd at 60.9 months versus 41.6
months for Kd. KRd showed higher complete response (CR) and
very good partial response (VGPR) rates compared to Kd. 
Patient Demographics: Patients receiving KRd were younger and
had fewer prior lines of treatment (LOTs) compared to those on
Kd. KRd was typically used as a second-line treatment, while Kd
was often employed in later treatment lines. 
Safety Profile: Fewer severe treatment-emergent adverse events
(TEAEs) were reported in KRd (18.8%) compared to Kd
(30.7%). The rates of treatment-related adverse events (TRAEs)
leading to discontinuation were low: 1.1% for KRd and 2.6%
for Kd. Cardiovascular toxicities, primarily hypertension, were
manageable with adjustments in antihypertensive therapy. 
Clinical Considerations: KRd is recommended for younger, fitter
patients, especially in second-line settings. Kd is suited for heavily
pretreated patients or those unable to tolerate lenalidomide. 
Management of Adverse Events: Most adverse events were infec-
tions, hypertension, and cardiovascular complications, which
were manageable with appropriate interventions. Dose adjust-
ments and supportive care were essential in managing toxicity and
maintaining treatment efficacy. 
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