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ABSTRACT
Once-weekly carfilzomib at 56 mg/m2 plus immunomodulatory drugs and dexamethasone has 
shown efficacy and tolerability treating early relapsed/refractory multiple myeloma (RRMM). The 
phase 2 SELECT study (NCT04191616) evaluated efficacy/safety of weekly carfilzomib, pomalidomide, 
and dexamethasone (KPd) in early RRMM patients refractory to lenalidomide. All 52 treated patients 
were refractory to prior treatment, and 19 (37%) were triple-class refractory. Overall response rate 
(ORR; primary endpoint) was 58% (35% ≥ very good partial response, 6% ≥ complete response); 
median response duration was 20.3 months. Minimal residual disease negativity (10−5) was achieved 
in 10% of patients. Median progression-free survival was 11.1 months; median overall survival was 
18.8 months. Adverse events (AEs) were consistent with the known safety profile including grade ≥3 
treatment-emergent AEs reported in 67% of patients. Although the primary endpoint of ORR was 
not met, KPd showed meaningful clinical benefits in lenalidomide-refractory RRMM patients, 
including those who were daratumumab-refractory and/or triple-class refractory.

Introduction

Significant advances in the treatment of multiple 
myeloma (MM) over the past two decades have sub-
stantially improved patient survival outcomes [1]. 
Treatment strategies for first-line therapy have expanded 
to include multi-drug regimens containing some combi-
nation of proteasome inhibitor (PI), lenalidomide, 
anti-CD38 monoclonal antibody (mAb), and dexametha-
sone [2–4]. Many patients receive multi-agent induction 
and extended lenalidomide-based maintenance until 
disease progression. At relapse, it is probable for a 
patient to be refractory to up to 3 of these drugs as 
early as the second line of therapy [1]. Refractoriness to 
bortezomib, lenalidomide, and/or an anti-CD38 mAb 
has been shown to correspond with worse outcomes, 
and increased use of these drugs in the frontline is 

leading to a growing need for effective regimens for 
early-line relapsed/refractory MM (RRMM) that include 
agents to which patients have not previously been 
exposed [4–6]. Chimeric antigen receptor T-cell (CAR-T) 
and immune cell–redirecting therapies have recently 
become available, yet these have been approved for 
patients with ≥3 prior lines of therapy and are associ-
ated with logistical challenges and risk mitigation 
requirements that may limit their use to a subset of 
RRMM patients [1,7–10]. A gap therefore remains in 
addressing therapy for many patients with double- or 
triple-class refractory RRMM at first or second relapse.

Pomalidomide and carfilzomib are newer-generation 
immunomodulatory drugs (IMiD) and PI drugs, respec-
tively, that have proven to be effective in patients pre-
viously exposed to both lenalidomide and bortezomib 
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[11–13]. Both drugs are approved separately in combi-
nation regimens for the treatment of RRMM. Carfilzomib 
has been evaluated in combination with pomalidomide 
and dexamethasone (KPd) in patients with RRMM at a 
low dose of 27 mg/m2 weekly, as well as a higher dose 
of 36 mg/m2 twice weekly in previous trials, resulting in 
overall response rates (ORRs) of 62 and 92%, respec-
tively, and median progression-free survival (PFS) of 
10.3 and 17.0 months, respectively [14,15]. The studies 
identified no emergent safety signals at the maximum 
tolerated doses and reported adverse event (AE) rates 
consistent with previously published reports. Previous 
studies have also demonstrated efficacy and tolerability 
with once-weekly dosing of carfilzomib plus lenalido-
mide and dexamethasone (KRd) for RRMM [16]. Based 
on these results and the emerging unmet medical 
need in RRMM, the phase 2 SELECT study (NCT04191616) 
evaluated KPd with once-weekly carfilzomib (56 mg/m2) 
in patients with RRMM in first or second relapse who 
were refractory to lenalidomide. Here we report the 
results of the primary analysis of SELECT.

Materials and methods

Study design and eligible patients

SELECT (NCT04191616) is an open-label phase 2 study 
designed to evaluate the efficacy and safety of KPd. 
Eligible patients ≥ 18 years old had RRMM after receiving 
1–2 prior treatment regimens and were refractory to 
lenalidomide with measurable disease. Patients need to 
have had at least a partial response (PR) to one prior line 
of therapy and an Eastern Cooperative Oncology Group 
performance status of 0–2. Patients who received prior 
carfilzomib were allowed if they achieved at least a PR, 
were not removed due to toxicity, did not relapse within 
60 days from discontinuation of carfilzomib, and had at 
least a 6-month carfilzomib treatment-free interval from 
their last dose of carfilzomib. At study initiation, included 
patients must have completed at least two consecutive 
cycles of daratumumab; this criterion was removed in 
March 2021, ∼8 months before the last patient enrolled. 
Additional details are listed in the Supplemental Methods.

All patients provided written informed consent. The 
study protocol was approved by the institutional 
review boards or ethics committees of all participating 
institutions.

Procedures

Carfilzomib was administered intravenously over 
30 ± 5 min on days 1, 8, and 15 (±2 days) of each 28-day 
cycle for up to 12 cycles or progression, then on days 

1 and 15 for cycle 13 and beyond, and continuing 
until disease progression or end of study. A dose of 
20 mg/m2 was administered on day 1 of cycle 1, and 
all subsequent doses were 56 mg/m2. Dosing rationale 
for carfilzomib was based on evidence from two phase 
2 studies, the A.R.R.O.W. study and the CFZ013 trial 
(NCT02335983) [17–19]. Pomalidomide was given at a 
dose of 4 mg/day orally on days 1–21 of each cycle. 
Dexamethasone was administered at least 30 min to 
4 h before carfilzomib on days of carfilzomib adminis-
tration. Dexamethasone was administered at a dose of 
40 mg on days 1, 8, 15, and 22 of each 28-day cycle 
up to cycle 12 and at a dose of 20 mg on days 1 and 
15 during cycle 13 onward. For patients ≥75 years old, 
the dose was reduced to 20 mg during cycles 1–12 
and 10 mg from cycle 13 onward.

On-protocol therapy could be permanently discon-
tinued because of an AE, pregnancy, death, loss to 
follow-up, noncompliance with study requirements, 
patient request, study termination by sponsor, investi-
gator decision, protocol deviation, or disease progres-
sion. Dose reductions were permitted to manage AEs 
associated with these drugs (Supplemental Table 1).

Disease was assessed locally at study sites and by inde-
pendent review committee according to details found in 
the Supplemental Methods. Minimal residual disease 
(MRD) measurement was performed by next-generation 
sequencing (NGS) at a sensitivity of 10−5 by a central lab-
oratory. Bone marrow aspirates were collected to confirm 
a complete response (CR) or stringent CR (sCR). Patients 
with a suspected CR or better had bone marrow for MRD 
assessment at 12 months ± 4 weeks unless an MRD assess-
ment was performed within 4 months before the sched-
uled assessment (e.g. coordinated with a bone marrow 
procedure to confirm CR).

Adverse events were collected for at least 30 (+3) 
days after the last dose of study treatment (safety 
follow-up) and were graded according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events version 5.0. All treatment-related AEs 
and serious AEs were followed up until resolution or 
stabilization. Long-term follow-up visits were con-
ducted every 12 (±2) weeks after the safety follow-up 
visit until the end of the study. Further evaluations are 
detailed in the Supplemental Methods.

Outcomes

The primary endpoint was ORR, defined as achievement 
of PR, very good PR (VGPR), CR, or sCR according to 
International Myeloma Working Group (IMWG)-Uniform 
Response Criteria [20] and was determined by an 
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independent review committee (IRC). A key secondary 
endpoint was MRD-negative (MRD–) CR at 12 months at 
a sensitivity of 10−5 using NGS in the bone marrow. 
Other secondary endpoints included safety, MRD– at 
any time, duration of response (DOR; time from the ear-
liest date of PR or better until the earliest date of con-
firmed progressive disease [PD] or death due to any 
cause), time to response (TTR; time from treatment ini-
tiation until the earliest date of PR or better), PFS (time 
from enrollment until disease progression or death due 
to any cause), overall survival (OS; time from enrollment 
until death due to any cause), and to estimate the rate 
of CR or better. Exploratory endpoints included MRD– 
CR at 10−4, 10−5, and 10−6 sensitivity by NGS, and PFS 
according to MRD assessment. Prespecified patient sub-
groups were assessed for overall response and PFS. 
These subgroups included number of prior lines of ther-
apy, cytogenetic risk status, Revised Multiple Myeloma 
International Staging System (R-ISS) stage at baseline, 
prior daratumumab or bortezomib exposure, and being 
refractory to daratumumab or bortezomib.

Statistical analysis

Based on the results of previous studies evaluating 
KPd or KRd for the treatment of RRMM [6,14,18,19,21,22], 
the ORR was hypothesized to be >60%. The primary 
analysis required that the lower bound of the binomial 
90% confidence interval (CI) of ORR exceed 60% to 
reject the null hypothesis. The 52 treated patients 
would have provided 80% power if the true ORR  
was >77%. An IRC monitored efficacy data. An  
independent data review team monitored safety data 
quarterly and every 6 months after the seventh  
review. Continuous variables were summarized by the 
non-missing sample size (n), mean, standard deviation, 
median, minimum, and maximum. Categorical vari-
ables were summarized by the number and percent-
age in each category. Time-to-event endpoints were 
summarized with Kaplan-Meier methods. Point esti-
mates for efficacy endpoints were accompanied by 
2-sided 90% CIs. SAS software (version 9.4) was used 
for the statistical analyses.

Results

Between 6 August 2020 and 30 November 2021, 54 
patients were enrolled across seven countries in the 
United States and Europe. Of these, 52 patients 
received at least one dose of carfilzomib and were 
included in the primary analysis. Two patients did not 
receive treatment, as one had a myocardial infarction 
after enrollment and before starting treatment, and 

another was excluded due to workup resulting from a 
left iliac fossa lesion identified during screening. 
Baseline characteristics of the 52 patients are shown in 
Table 1. Median age at enrollment was 68 years (range, 
35–87 years), and 46% of patients were male. A total of 
38% of patients had high-risk disease, and 58% had 
undergone a prior hematopoietic cell transplantation 
(HCT). Most patients (n = 43; 83%) had received two 
prior lines of therapy. All 52 patients had prior expo-
sure to lenalidomide (100% refractory), 45 (87%) had 
prior exposure to bortezomib (18 refractory; 35%), 40 
(77%) had prior exposure to daratumumab (39 refrac-
tory; 75%), and 2 (4%) had prior exposure to carfilzo-
mib (1 refractory; 2%). Overall, 39 (75%) patients were 
disease refractory to prior lenalidomide and 
daratumumab-containing regimen, including 20 (38%) 
patients who were double-class refractory (IMiD and 
anti-CD38), and 19 (37%) patients who were triple-class 
refractory (IMiD, PI, and anti-CD38).

As of the data cutoff on 30 November 2022, the 
study did not meet its primary endpoint, with an ORR 
among all patients of 58% (90% CI: 45.4, 69.3; Table 2). 
Overall, 18 (35%) patients had a VGPR or better, with 
3 (6%) reporting a CR. Among the 30 patients with PR 
or better, the median TTR was 1 month (range, 
1–2 months). Median DOR was 20.3 months (90% CI, 
9.2–not estimable [NE]). None of the subgroups evalu-
ated, including patients grouped by number of prior 
lines of therapy, cytogenetic risk status, or R-ISS stage 
at baseline, showed a meaningful difference from the 
overall study population in ORR (Supplemental Table 2).

An MRD– CR (at 10−5 sensitivity) at 12 months was 
achieved by two patients (4% [90% CI, 0.7–11.6]), and 
MRD– at any time was reported in five patients (3 in 
CR, 2 in VGPR; 10% [90% CI, 3.9–19.2]).

The median follow-up for PFS was 15.0 months (90% 
CI, 12.7–17.5), and median PFS among all patients was 
11.1 months (90% CI, 6.5–NE; Figure 1). The estimated 
probability of PFS at 1 year was 47% (90% CI, 34.1–
59.1) and at 2 years was 33% (90% CI, 15.7–50.8). 
Analysis of PFS by prespecified patient groups showed 
no meaningful differences from the total study patient 
population and was limited by small numbers of 
patients in the subgroups (Supplemental Table 2).

At a median follow-up of 16.6 months (90% CI, 
15.0–19.6), median OS was 18.8 months (90% CI, 11.2–
NE; Figure 2). The probability of OS at 12 months was 
59% (90% CI, 46.6–69.1) and at 24 months was 47% 
(90% CI, 33.0–59.3).

The median (range) treatment exposures were 29.8 
(2.0–110.1) weeks carfilzomib, 32.7 (2.0–110.6) weeks 
pomalidomide, and 32.4 (2.0–110.1) weeks dexametha-
sone. Median (range) number of 28-day cycles received 
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Table 1.  Baseline demographics.

Characteristic
KPd 20/56 mg/m2

N = 52

Median (range) age, years 68 (35–87)
  18–<65, n (%) 23 (44)
  65–<75, n (%) 21 (40)
  75–<85, n (%) 7 (13)
  ≥85, n (%) 1 (2)
Sex, n (%)
 M ale 24 (46)
  Female 28 (54)
Ethnicity, n (%)
  Non-Hispanic/Latino 45 (87)
 H ispanic/Latino 4 (8)
 U nknown 3 (6)
Race, n (%)
  White 47 (90)
 O ther 5 (10)
ECOG performance status, n (%)
  0 27 (52)
  1 24 (46)
  2 1 (2)
Creatinine clearance (mL/min), n (%)
  <30 0
  30–<50 7 (13)
  50–<80 20 (38)
  ≥80 25 (48)
R-ISS stage at baseline, n (%)
 I  0
 II  45 (87)
 III  7 (13)
Beta-2 microglobulin level (mg/L), n (%)
<3.5 26 (50)
3.5–<5.5 16 (31)
≥5.5 10 (19)
Cytogenetic risk status,* n (%)
 H igh risk 20 (38)
  Standard risk 19 (37)
 M issing 13 (25)
Number of prior lines of therapy, n (%)
  1 9 (17)
  2 43 (83)
Prior transplant, n (%)
 Y es 30 (58)
  A  utologous 29 (56)
  A  llogeneic 1 (2)
  No 22 (42)
Number of prior transplants, n (%)
  1 25 (48)
  2 5 (10)
Prior bortezomib exposure, n (%) 45 (87)
  Refractory to prior bortezomib† 18 (35)
Prior carfilzomib exposure, n (%) 2 (4)
  Refractory to prior carfilzomib† 1 (2)ǁ
Prior daratumumab exposure, n (%) 40 (77)
  Refractory to prior daratumumab† 39 (75)
Prior lenalidomide exposure, n (%) 52 (100)
  Refractory to prior lenalidomide† 52 (100)
Prior lenalidomide and PI exposure,‡ n (%) 46 (88)
  Refractory to prior lenalidomide and PI† 23 (44)
Prior lenalidomide and daratumumab exposure,‡ n (%) 40 (77)
  Refractory to prior lenalidomide and daratumumab† 39§ (75)
Prior lenalidomide, PI,‡ and daratumumab exposure, n (%) 36 (69)
  Refractory to prior lenalidomide, PI, and daratumumab† 19§ (37)

ECOG: Eastern Cooperative Oncology Group; KPd: carfilzomib, pomalidomide, and dexamethasone; PD: progressive disease; PI: proteosome inhibitor; R-ISS: 
Revised Multiple Myeloma International Staging System; SD: stable disease.
*High risk was defined as presence of 17p deletion, t(4;14), t(14;16); standard risk was defined as absence of these abnormalities. Missing patients are 
those who cannot be identified as high risk or standard risk.
†Patients were considered refractory to bortezomib, carfilzomib, daratumumab, lenalidomide, or PI if any of the following criteria were met: the best response 
reached during at least one regimen containing the drug of interest was SD or PD, the reason that the drug of interest was stopped was progression in at least 
one regimen, or date of relapse/progression was after the study start date and within 60 days after the stop date of the drug of interest in at least one regimen.
‡Including bortezomib, ixazomib, carfilzomib, and oprozomib.
§Thirty-nine and 19 are not mutually exclusive; 24 (46%) patients were double refractory (4 [8%] were refractory to lenalidomide  +  PI, and 20 [38%] were 
refractory to lenalidomide  +  daratumumab), and 19 (37%) patients were triple refractory.
ǁThis patient had an SD response to second-line therapy of carfilzomib, lenalidomide, and dexamethasone; based on inclusion criteria, this was a protocol 
deviation.
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were 8.0 (1–28) cycles carfilzomib, 8.5 (1–28) cycles 
pomalidomide, and 8.5 (1–28) cycles dexamethasone. 
Median (range) relative dose intensity of carfilzomib 
was 90.5% (range, 29.5–102.1%), pomalidomide was 
91.8% (range, 27.1–100.2%), and dexamethasone was 
93.5% (range, 34.0–100.9%).

All-grade treatment-emergent AEs (TEAEs) were 
reported in 49 (94%) patients (Supplemental Table 3). 
Grade ≥3 TEAEs were reported in 35 (67%) patients. 
The most frequently reported grade ≥3 TEAEs were 
hematologic (neutropenia, 27%; anemia, 13%; throm-
bocytopenia, 13%). The most frequent non-hematologic 
grade ≥3 TEAEs were acute kidney injury, rash, asthe-
nia, and respiratory failure, reported in three patients 
(6%) each. TEAEs of interest occurred in 42 (81%) 
patients (Table 3). The most frequently reported TEAE 
of interest (all grades) was neutropenia (33%), fol-
lowed by dyspnea (15%), upper respiratory tract infec-
tion (12%), hypertension (10%), COVID-19 (10%), acute 
kidney injury (8%), and leukopenia (8%). Serious TEAEs 
were reported in 22 (42%) patients (Table 4), of which 
11 (21%) patients reported TEAEs related to infections. 
These included COVID-19 (n = 2), COVID-19 pneumonia 

Table 2. O verall response.
KPd 20/56 mg/m2

N = 52

Best overall response, n (%)
  sCR 0 (0)
  CR 3 (6)
  VGPR 15 (29)
 P R 12 (23)
  SD 9 (17)
 P D 3 (6)
  Not evaluable 10 (19)
Patients who achieved a PR or better, n (%) 30 (58)
 O RR, % (90% CI) 57.7 (45.4–69.3)
Median DOR, months (90% CI) 20.3 (9.2–NE)
Median (range) TTR, months 1.0 (1–2)
MRD negativity (10−5) rate, % (90% CI)
 M RD– CR at 12 months n = 2

3.8 (0.7–11.6)
 M RD– rate at any time n = 5

9.6 (3.9–19.2)
 M RD– CR rate at any time n = 3

5.8 (1.6–14.2)
MRD negativity (10−4) rate, % (90% CI) n = 7

13.5 (6.5–23.8)
MRD negativity (10−6) rate, % (90% CI) n = 2

3.8 (0.7–11.6)

CR: complete response; DOR: duration of response; KPd: carfilzomib, poma-
lidomide, and dexamethasone; MRD: minimal residual disease; NE: not 
estimable; ORR: overall response rate; PD: progressive disease; PR: partial 
response; sCR: stringent complete response; SD: stable disease; TTR: time 
to response; VGPR: very good partial response.

Figure 1. P FS KM curves as assessed by the IRC. IRC: independent review committee; KM: Kaplan-Meier; KPd: carfilzomib, poma-
lidomide, and dexamethasone; NE: not estimable; PFS: progression-free survival.

https://doi.org/10.1080/10428194.2024.2322030
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(n = 2), infection (n = 2), pneumonia (n = 2), sepsis 
(n = 2), Clostridium difficile (n = 1), cytomegalovirus 
infection (n = 1), and lower respiratory tract infection 
(n = 1). Fatal TEAEs were reported in five patients 
(10%). These included two patients with myeloma 
progressive disease, and one patient each with car-
diac arrest, cerebrovascular accident, and pneumonia. 
All fatal TEAEs occurred within 30 days after the last 
dose of treatment. Four patients had no other TEAEs 
reported within a 7-day window around the onset of 
the event; one patient had grade 2 clostridium infec-
tion and grade 2 confusional state within 7 days of 
the onset of cardiac arrest. There were no 
treatment-related fatal TEAEs during the study. TEAEs 
leading to drug discontinuation are reported in 
Supplemental Results.

Discussion

As standards of care evolve to include the most effec-
tive triplet and quadruplet drug combination regimens 
early in the treatment of MM, there is an emerging 
need for effective salvage therapies at subsequent 

relapses. This phase 2 study evaluated the efficacy and 
safety of once-weekly KPd for the treatment of 
second-line or third-line RRMM (17 and 83% of patients, 
respectively) who were refractory to lenalidomide. The 
initial study inclusion criterion of prior anti-CD38 expo-
sure may have driven the preponderance of third-line 
patients. In this study, 69% of patients were triple-class 
exposed to regimens containing IMiD, PI, and anti-CD38, 
including 37% who were triple-class refractory.

With an ORR of 58% (90% CI: 45.4, 69.3) in this 
difficult-to-treat patient population, the study did not 
meet its primary endpoint, as the lower bound of the 
binomial 90% CI for the ORR estimate was not greater 
than the prespecified reference of 60%. This hypothe-
sized threshold was based on preceding clinical trials of 
KPd and KRd in RRMM that included fewer multiple 
class–exposed and/or refractory patients [6,14,18,19,21,22]. 
Patients in these prior studies did not receive daratu-
mumab as frontline or second-line treatment.

Nonetheless, KPd may be considered an attractive 
treatment option for an increasing number of patients 
with relapsed and multidrug-resistant MM [23]. With 
lenalidomide as an SOC and increasing use of anti-CD38 

Figure 2. O S KM curves. KM: Kaplan-Meier; KPd: carfilzomib, pomalidomide, and dexamethasone; NE: not estimable; OS: overall 
survival.
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mAbs in the frontline setting, effective treatment com-
binations for lenalidomide-refractory and CD38- 
refractory patients may be of increasing importance. In 
SELECT, 75% of enrolled patients were refractory to 
both lenalidomide and daratumumab (Table 1). Overall, 
patients with double-class or triple-class refractory dis-
ease in early-line relapse following the three commonly 
used upfront classes of agents have limited effective 
treatment options available, and outcomes remain poor 
[23–27]. Although cross-trial comparisons should be 
approached with caution, the results of SELECT suggest 
that the clinical benefit of KPd for such patients  
compares favorably with other available regimens 
(Supplemental Table 4) [4,28–31]. For example, ORR 
(58%) and median PFS (11.1 months) with KPd were 
favorable compared with the SOC control arm of 
KarMMa-3 (42% and 4.4 months, respectively), although 
KarMMa-3 had a greater proportion of triple-class 
refractory patients (66 vs. 37% for SELECT).

Among responding patients in SELECT, responses 
were comparatively durable. The median DOR for KPd 
was 20.3 months, comparing favorably to outcomes 
with other available regimens (Supplemental Table 4) 
[4,29–31]. The majority of responders in SELECT with 
PR or better (n = 30) achieved a response of at least 
VGPR (n = 18), with CR confirmed in three patients. The 
MRD– (10−5) response rate was 10% in patients with 
either CR or VGPR, a measure that has been shown to 
correlate with improved PFS in several studies [32–35]. 
No PFS events (progression or death) were noted in 
MRD– patients in SELECT.

Safety findings in this study were consistent with the 
known safety profiles of carfilzomib and pomalidomide, 
with no new safety concerns. Common TEAEs reported 
with KPd in this study were consistent with those previ-
ously reported for KRd [6,17], with the most frequent 
being hematologic AEs. Among non-hematologic events, 
fatigue was the most common followed by peripheral 

Table 3.  TEAEs* of interest by preferred term.

TEAE, n (%)
KPd 20/56 mg/m2

N = 52

TEAEs of interest 42 (81)
  Neutropenia 17 (33)
  Dyspnea 8 (15)
 U pper respiratory tract infection 6 (12)
 H ypertension 5 (10)
  COVID-19 5 (10)
 A cute kidney injury 4 (8)
  Leukopenia 4 (8)
  Respiratory failure 3 (6)
  Lower respiratory tract infection 3 (6)
  Dyspnea exertional 3 (6)
 H ypotension 2 (4)
  Lymphopenia 2 (4)
 P ulmonary hypertension 2 (4)
  COVID-19 pneumonia 2 (4)
  Nasopharyngitis 2 (4)
 P neumonia 2 (4)
  Respiratory tract infection 2 (4)
  Vision blurred 2 (4)
 A cute sinusitis 1 (2)
 A symptomatic COVID-19 1 (2)
  Coronavirus infection 1 (2)
 P haryngitis 1 (2)
  Rhinitis 1 (2)
  Confusional state 1 (2)
 E ncephalopathy 1 (2)
  Cardiac failure 1 (2)
  Cardiac failure chronic 1 (2)
  Left ventricular failure 1 (2)
 A trial fibrillation 1 (2)
  Cardiac arrest 1 (2)
  Tricuspid valve incompetence 1 (2)
 E yelid edema 1 (2)
  White blood cell decreased 1 (2)

AE: adverse event; KPd: carfilzomib, pomalidomide, and dexamethasone; 
MedDRA: Medical Dictionary for Regulatory Activities; TEAE: 
treatment-emergent adverse event.
*TEAEs were events categorized as AEs starting on or after first dose of 
any study treatment and up to and including 30 days after the last dose 
of any study treatment, excluding events reported after end of study date. 
AEs were coded using MedDRA version 25.1. Patients were counted only 
once for each event of interest and each preferred term.

Table 4.  Serious TEAEs.*

TEAE, n (%)
KPd 20/56 mg/m2

N = 52

Infection/infection-related events
 I nfection 2 (4)
  COVID-19 2 (4)
  COVID-19 pneumonia 2 (4)
  Sepsis 2 (4)
 P neumonia 2 (4)
  Clostridium difficile infection 1 (2)
  Cytomegalovirus infection 1 (2)
  Lower respiratory tract infection 1 (2)
Hematologic toxicity
  Neutropenia 2 (4)
  Leukopenia 1 (2)
  Thrombocytopenia 1 (2)
Cardiovascular events
  Cardiac arrest 1 (2)
  Cardiac failure 1 (2)
  Cardiac failure chronic 1 (2)
  Left ventricular failure 1 (2)
Other events
  Respiratory failure 3 (6)
 A cute kidney injury 2 (4)
  Cerebrovascular accident 2 (4)
 P lasma cell myeloma 2 (4)
 P ulmonary embolism 1 (2)
  Bone pain 1 (2)
  Confusional state 1 (2)
  Dyspnea 1 (2)
  Femoral neck fracture 1 (2)
 O steitis 1 (2)
 P lasma cell leukemia 1 (2)
 P yrexia 1 (2)
  Renal disorder 1 (2)

AE: adverse event; KPd: carfilzomib, pomalidomide, and dexamethasone; 
MedDRA: Medical Dictionary for Regulatory Activities; TEAE: 
treatment-emergent adverse event.
*TEAEs were events categorized as AEs starting on or after first dose of 
any study treatment and up to and including 30 days after the last dose 
of any study treatment, excluding events reported after end of study date. 
AEs were coded using MedDRA version 25.1. Patients were counted only 
once for each event of interest and each preferred term.
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edema, asthenia, and diarrhea (Supplemental Table 3). 
Among TEAEs of interest, acute kidney injury, cardiac fail-
ure, hypertension, and pulmonary hypertension were 
similar to events reported previously [6,17]. Incidence of 
venous thromboembolic events (n = 1, 2%) and pulmo-
nary embolism (n = 1, 2%) was lower than previous carfil-
zomib and carfilzomib lenalidomide combination studies, 
which may be attributable to adherence of recom-
mended thromboprophylaxis guidelines implemented 
during SELECT (Supplemental Methods). Although no 
new safety concerns were identified, KPd is not without 
risk and, as such, patient selection and safety monitoring 
should always be taken into consideration.

These results suggest an overall favorable bene-
fit:risk profile of KPd for RRMM patients with previous 
exposure to lenalidomide and daratumumab relative to 
currently available MM therapies. Immune cell–redirect-
ing therapies have recently demonstrated promising 
efficacy in heavily pretreated later-line RRMM and may 
be approved in earlier lines of therapy, pending the 
results of ongoing clinical trials. Results from CARTITUDE 
4, which had similar inclusion criteria as SELECT, 
showed that while SOC therapy (pomalidomide, borte-
zomib, and dexamethasone or daratumumab, pomalid-
omide, and dexamethasone) had similar ORR and 
median PFS outcomes (67% and 11.8 months, respec-
tively) to the KPd arm of SELECT, superior outcomes 
were reported for the chimeric antigen receptor T-cell 
(CAR-T) cohort (ORR, 85%; median PFS, not reached, 
respectively) [36]. Logistical challenges and risk mitiga-
tion requirements of CAR-T therapy may limit their 
availability to a subset of patients and specialized med-
ical care facilities in the near term, suggesting an ongo-
ing need for active therapies based on combinations of 
other available medicines for RRMM [37]. The optimal 
role for KPd, a combination of the most active PI and 
IMID drugs, within the second- and third-line treatment 
setting will require further exploration as therapeutic 
options continue to evolve to potentially include CAR-T 
for appropriate patients.

Our study is limited in being a single-arm study 
without a comparator group, and its open-label design 
has the potential to introduce bias. The relatively small 
sample size, inclusive of mostly patients at second 
relapse, limits the interpretability of data across differ-
ent lines of therapy.

In summary, there is an increasing medical need for 
effective therapies for lenalidomide-refractory, CD38- 
refractory, and triple-class–exposed patients in first or 
second relapse of MM. While the evolution of the 
treatment landscape for these patients continues, the 
use of emerging classes of therapy may be limited in 
the near term. The results of SELECT suggest that  

KPd is a safe and effective regimen that may be 
appropriate for a growing number of patients with 
relapsed MM.
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