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Efficacy and safety of carfilzomib regimens in multiple
myeloma patients relapsing after autologous stem cell
transplant: ASPIRE and ENDEAVOR outcomes
P Hari1,12, M-V Mateos2,12, R Abonour3, S Knop4, W Bensinger5, H Ludwig6, K Song7, R Hajek7, P Moreau8, DS Siegel9, S Feng10,
M Obreja10, SK Aggarwal10, K Iskander10 and H Goldschmidt11

Autologous stem cell transplantation (ASCT) is a standard treatment for eligible multiple myeloma (MM) patients, but many patients
will relapse after ASCT and require subsequent therapy. The proteasome inhibitor carfilzomib is approved for relapsed or refractory
MM (RRMM). In phase 3 trials, carfilzomib-based regimens (ASPIRE, carfilzomib–lenalidomide–dexamethasone; ENDEAVOR,
carfilzomib–dexamethasone) demonstrated superior progression-free survival (PFS) compared with standard therapies for RRMM
(ASPIRE: lenalidomide–dexamethasone; ENDEAVOR, bortezomib–dexamethasone). This subgroup analysis of ASPIRE and
ENDEAVOR evaluated outcomes according to prior ASCT status. In total, 446 patients in ASPIRE and 538 in ENDEAVOR had prior
ASCT. Median PFS was longer for carfilzomib-based regimens vs non-carfilzomib-based regimens for patients with prior ASCT
(ASPIRE: 26.3 vs 17.8 months (hazard ratio (HR) = 0.68); ENDEAVOR: not estimable vs 10.2 months (HR = 0.61)), those with one prior
line of therapy that included ASCT (ASPIRE: 29.7 vs 17.8 months (HR = 0.70); ENDEAVOR: not estimable vs 11.2 months (HR= 0.46)),
and those without prior ASCT (ASPIRE: 26.4 vs 16.6 months (HR = 0.76); ENDEAVOR: 17.7 vs 8.5 months (HR = 0.43)). Overall response
rates also favored the carfilzomib-based regimens. No new safety signals were detected. This analysis suggests that carfilzomib-
based treatment may lead to improvement in PFS and response rates regardless of prior transplant status. Further evaluation is
warranted.

Leukemia (2017) 31, 2630–2641; doi:10.1038/leu.2017.122

INTRODUCTION
Multiple myeloma (MM) is an aggressive and invariably fatal
malignancy of plasma cell origin, with an estimated 120 000 new
cases occurring annually worldwide, an incidence rate that is
expected to rise along with the aging world population.1

Autologous stem cell transplantation (ASCT) is a standard of care
for newly diagnosed MM patients who have no prohibitive
comorbidities. Studies have demonstrated that ASCT upfront after
induction regimens, including novel agents, significantly improves
progression-free survival (PFS) compared with these regimens
alone.2 Administration of the immunomodulatory drugs thalido-
mide and lenalidomide and the proteasome inhibitor bortezomib
both before and after ASCT has improved response rates and
increased survival rates for MM patients. Modern combination
therapies such as carfilzomib, lenalidomide and dexamethasone
(KRd) have demonstrated high rates of complete response and
minimal residual disease negativity, especially when combined
with ASCT,3,4 but not all patients achieved these deep remissions.
Despite the different therapeutic strategies, relapse occurs in a
majority of patients due to residual disease, and duration of
response is generally shorter with each relapse over the course of
the disease. Treatment options such as repeat ASCT with

induction regimens including bortezomib or immunomodulatory
drugs are used for the treatment of relapsed/refractory multiple
myeloma (RRMM).5,6 However, ASCT at the time of relapse is not
recommended if the time to relapse after first ASCT is o12
months.7–10

Bortezomib plus dexamethasone and lenalidomide plus dex-
amethasone are considered standard of care regimens for MM
patients who have relapsed after one prior line of therapy.11–14

Carfilzomib is a second-generation, irreversible, epoxyketone
proteasome inhibitor approved in the United States as a single
agent for the treatment of RRMM and also in the United States
and European Union as combination therapy with dexamethasone
or lenalidomide plus dexamethasone for RRMM.15,16 The approval
of these carfilzomib-based combination regimens was based on
interim results from the phase 3 randomized ASPIRE and
ENDEAVOR studies. The ASPIRE study showed superior PFS and
disease response with KRd vs Rd in patients with RRMM.17

Similarly, the ENDEAVOR study demonstrated superiority of
carfilzomib plus dexamethasone (Kd) vs bortezomib plus dex-
amethasone (Vd) in patients with RRMM.18 Both ASPIRE and
ENDEAVOR were conducted in relapsed or refractory patients after
1–3 prior lines of therapy. Based on results for carfilzomib in the
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ASPIRE and ENDEAVOR studies, we hypothesized that carfilzomib-
based regimens would provide superior clinical outcomes vs Rd
and Vd, regardless of prior ASCT status. This subgroup analysis
evaluated the efficacy and safety of carfilzomib-based regimens in
the ASPIRE and ENDEAVOR studies according to prior exposure to
ASCT in any prior line of therapy, prior exposure to first-line ASCT
and time to relapse after first-line ASCT.

PATIENTS AND METHODS
The ASPIRE and ENDEAVOR studies have been described in detail in
previously published reports.17,18 To summarize, ASPIRE (NCT01080391)
and ENDEAVOR (NCT01568866) were both randomized, open-label, phase
3 studies. Adult patients (age⩾ 18 years) with RRMM and measurable
disease who had received 1–3 prior lines of therapy were eligible to enroll
in the studies.
In the ASPIRE study, prior bortezomib exposure was allowed, provided

that patients had no disease progression during treatment with
bortezomib. Patients who were previously treated with Rd were also
eligible to participate in the ASPIRE study, provided that they had not
experienced adverse events (AEs) that led to treatment discontinuation,
disease progression during the first 3 months of treatment or disease
progression at any time if Rd was their most recent treatment. In the
ENDEAVOR study, patients previously treated with bortezomib or
carfilzomib were eligible provided they had achieved at least a partial
response to treatment, had at least a 6-month interval without
bortezomib or carfilzomib treatment prior to enrollment and did not
discontinue bortezomib or carfilzomib as a result of toxicity. All patients
enrolled in the ASPIRE and ENDEAVOR studies were required to have
adequate hepatic, hematological and renal function. Patients were
excluded from these studies if they had New York Heart Association class
III or IV heart failure, myocardial infarction within 4 months prior to
randomization or grade ⩾ 3 peripheral neuropathy within 14 days prior
to randomization. In addition, patients in ENDEAVOR were required to
have a left ventricular ejection fraction of ⩾ 40%. All patients in both
studies provided written informed consent. The study protocol received
institutional review board or ethics committee approval by all
participating institutions.
In the ASPIRE study, patients were randomized 1:1 to receive KRd or

Rd in 28-day cycles until disease progression, withdrawal of consent or
development of toxic effects. The stratification factors used for
randomization were β2-microglobulin level, prior bortezomib therapy
and prior lenalidomide therapy. Within each stratum, patients were
randomized using a blocked randomization scheme. Patients received
carfilzomib as a 10-min intravenous infusion on days 1, 2, 8, 9, 15 and 16
(20 mg/m2 on days 1 and 2 of cycle 1; 27 mg/m2 thereafter) during
cycles 1–12. Carfilzomib was omitted on days 8 and 9 of cycles 13–18
and was discontinued after 18 cycles. All patients received lenalidomide
(25 mg) on days 1–21 and dexamethasone (40 mg) on days 1, 8, 15
and 22.
Patients in the ENDEAVOR study were randomly assigned 1:1 to

receive Kd or Vd. The stratification factors used for randomization were
prior proteasome inhibitor therapy, prior lines of treatment, International
Staging System stage for MM prognosis and planned route of
bortezomib administration (for those randomized to the Vd arm). Similar
to the ASPIRE study, patients were randomized using a blocked
randomization scheme. Patients in the Kd arm received carfilzomib
(30- min intravenous infusion) on days 1, 2, 8, 9, 15 and 16 (20 mg/m2 on
days 1 and 2 of cycle 1; 56 mg/m2 thereafter) and dexamethasone
(20 mg) on days 1, 2, 8, 9, 15, 16, 22 and 23 of a 28- day cycle until
disease progression, withdrawal of consent or development of toxic
effects. Patients in the Vd arm received bortezomib (1.3 mg/m2) on days
1, 4, 8 and 11 and dexamethasone (20 mg) on days 1, 2, 4, 5, 8, 9, 11 and
12 of a 21-day cycle.
In this subgroup analysis, patients were assigned to a subgroup based

on transplant status (Supplementary Figure S1): (1) all patients who had
previously undergone ASCT (ASCT) and (2) patients who had not
previously undergone ASCT (no ASCT). A further subgroup was considered
of patients who had undergone ASCT specifically as first-line treatment
and then enrolled in ASPIRE or ENDEAVOR immediately upon first relapse
(1R1T). The 1R1T group was further subdivided by time to relapse
(o12 months (early relapsers) or ⩾ 12 months (late relapsers)). The intent-
to-treat population was used for the efficacy analysis. Patients who

received ⩾ 1 dose of study treatment were used for safety analysis. The
analyses of ASPIRE and ENDEAVOR patients were conducted separately.
The primary outcome was PFS, which was defined as the time from

randomization until disease progression or death due to any cause.
Secondary end points included overall response rate (ORR) and safety. ORR
was defined as the proportion of patients achieving a best response of the
following: partial response, very good partial response, complete response,
or stringent complete response. Treatment responses and disease
progression were assessed centrally by an independent review committee
that was blinded to the treatment arm.
Kaplan–Meier method was used to summarize PFS. The hazard ratios

(HRs) associated with PFS were estimated via Cox regression models. The
non-parametric log-rank test with no assumptions was used to compare
data between treatment groups.

RESULTS
Treatment and baseline characteristics
The cutoff dates for the prespecified interim analyses were June
16, 2014 for the ASPIRE study and November 10, 2014 for the
ENDEAVOR study. The ASCT subgroups included in this subgroup
analysis are shown in Supplementary Figure S1. In ASPIRE, 346
patients had no prior ASCT (KRd, n= 179; Rd, n= 167) and 446 had
prior ASCT (KRd, n= 217; Rd, n= 229). In ENDEAVOR, 391 patients
did not have prior ASCT (Kd, n= 198; Vd, n= 193) and 538 had
prior ASCT (Kd, n= 266; Vd, n= 272). Of those with prior ASCT, 430
patients enrolled in ASPIRE (n= 166) or ENDEAVOR (n= 264) upon
first relapse (1R1T group). Within the 1R1T subgroup, 89 patients
were early relapsers (ASPIRE, n= 38; ENDEAVOR, n= 51) and 337
were late relapsers (ASPIRE, n= 128; ENDEAVOR, n= 209).
Patient demographics and baseline characteristics in the ASPIRE

and ENDEAVOR studies were generally balanced between
treatment arms within the subgroups based on prior ASCT
exposure (Table 1 and Supplementary Table S1). Patients with
prior ASCT were younger and less likely to have renal dysfunction
and International Staging System stage II–III disease at baseline
than patients with no prior ASCT.

PFS for ASPIRE and ENDEAVOR prior ASCT groups
Median PFS was longer for the carfilzomib-based regimens than
for the Rd and Vd arms for all ASCT subgroups (Table 2; Figures 1
and 2). In the prior ASCT group, median PFS was 26.3 vs
17.8 months for KRd vs Rd (HR, 0.68; 95% confidence interval (CI),
0.53–0.87) and not reached vs 10.2 months for Kd vs Vd (HR, 0.61;
95% CI, 0.47–0.79). In the 1R1T group, median PFS was 29.7 vs
17.8 months for KRd vs Rd (HR, 0.70; 95% CI, 0.46–1.07) and not
reached vs 11.2 months for Kd vs Vd (HR, 0.46; 95% CI, 0.30–0.69).
In the no prior ASCT group, median PFS was 26.4 vs 16.6 months
for KRd vs Rd (HR, 0.76; 95% CI, 0.57–1.01) and 17.7 vs 8.5 months
for Kd vs Vd (HR, 0.43; 95% CI, 0.32–0.59). Median PFS was longer
with carfilzomib-based regimens compared with non-carfilzomib-
based regimens for both early and late relapsers within the 1R1T
subgroup (Table 3; Figures 3 and 4). The 1- and 2-year PFS rates
were higher in the KRd arm vs the Rd arm in the prior and no prior
ASCT subgroups, as well as in the 1R1T subgroup. PFS rates were
also higher in the Kd arm vs the Vd arm in all transplant subgroups
(Table 2).

Response rates for ASPIRE and ENDEAVOR prior ASCT groups
In the ASPIRE study, the ORRs were markedly higher for the KRd
arms than in the Rd arms in the no prior, prior and 1R1T
subgroups, including patients with early and late relapse (Tables 2
and 3). A similar trend was reported for Kd vs Vd in the ENDEAVOR
trial. The proportion of patients achieving complete response or
better was higher for the carfilzomib-based regimens across all
subgroups in both studies (Tables 2 and 3).
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Safety
Table 4 provides a summary of AEs. All grade and grade ⩾ 3
anemia were reported more frequently in carfilzomib-treated
patients vs non-carfilzomib-treated patients in the prior ASCT
subgroup of ASPIRE and ENDEAVOR. The proportion of patients
with grade ⩾ 3 thrombocytopenia was higher in the carfilzomib vs
non-carfilzomib arms in the prior ASCT subgroup of ASPIRE. In

addition, the incidences of all-grade and grade⩾ 3 hypertension
were greater in carfilzomib-treated patients than in non-
carfilzomib-treated patients in all subgroups of both studies.
All grade peripheral neuropathy occurred more frequently in

the Vd arm than in the Kd arm in the prior ASCT and no ASCT
subgroups of the ENDEAVOR study. In ASPIRE, there was no
difference in the rate of all-grade peripheral neuropathy between
the prior ASCT and no ASCT treatment arms. The frequencies of

Figure 1. Kaplan–Meier curves for PFS by ASCT status in the ASPIRE trial: (a) prior ASCT, (b) 1R1T, and (c) no prior ASCT. Vertical dashed line
indicates the time point after which carfilzomib was discontinued according to study protocol.
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all-grade and grade ⩾ 3 cardiac failure were higher for Kd-treated
patients compared with Vd-treated patients in the prior ASCT and
no ASCT subgroups of the ENDEAVOR study. The frequencies of
all-grade and grade ⩾ 3 cardiac failure were higher for KRd-treated
patients compared with Rd-treated patients in the no ASCT
subgroup. All grade and grade ⩾ 3 acute renal failure occurred
more frequently in the KRd arm than in the Rd arm and in the Kd
arm than in the Vd arm in the prior ASCT group.

DISCUSSION
ASCT is considered a standard of care for patients with MM who
are eligible for the procedure. Nevertheless, the vast majority of
patients will relapse or experience disease progression and
eventually require subsequent treatment. The efficacy of novel
combination treatments in patients with MM based on ASCT
status is relevant because ASCT may potentially influence the
efficacy of therapy. ASCT in young, newly diagnosed MM patients

Figure 2. Kaplan–Meier curves for PFS by ASCT status in the ENDEAVOR trial: (a) prior ASCT, (b) 1R1T, and (c) no prior ASCT. NE, not estimable.
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is a complementary treatment strategy rather than an alternative
one, even after induction with novel agents that result in median
PFS of up to 60 months.19–21 Despite improvements in survival
following ASCT, residual clonal malignant plasma cells may escape
the effects of therapy and survive.22,23 Expression of certain
markers on plasma cells such as CD45, CD46 and CD56 could
predict a higher risk of relapse following ASCT.24–28 In addition,
the presence of high-risk cytogenetic abnormalities is associated
with shorter duration of responses, and the frequency of specific
genetic aberrations such as deletion t(4:14) is higher in younger,
transplant-eligible patients than elderly patients.29 High risk
transplant-eligible patients have a different course of disease
and represent a group with an unmet medical need. Examining
therapies for posttransplant relapse is important.
In the randomized phase 3 ASPIRE and ENDEAVOR studies,

patients with RRMM having undergone 1–3 prior lines of therapy
demonstrated significantly improved PFS with KRd vs Rd and with
Kd vs Vd, respectively.17,18 This subgroup analysis was conducted
on the ASPIRE and ENDEAVOR data to compare treatments by
prior ASCT exposure, including a subgroup of patients enrolled at
first-line ASCT relapse, and further by time to relapse after first-line
ASCT. Within ASPIRE and ENDEAVOR, the increase in PFS and
longer response rates observed with carfilzomib-based regimens
vs non-carfilzomib-based regimens were consistent across ASCT
subgroups. Notably, patients with prior ASCT who were treated
with KRd or Kd had 2-year PFS rates 450%, which is remarkable
for treatment regimens not including repeat ASCT after post-ASCT
relapse. Similar patients in the non-carfilzomib arms did not
achieve such PFS rates.
The ORR and the proportion of patients achieving complete

response or better were also greater for the carfilzomib-based
regimens in the prior ASCT, 1R1T and no ASCT groups.
Approximately three times as many KRd patients as Rd patients,
and twice as many Kd patients as Vd patients, achieved complete
response or better in all subgroups defined by prior ASCT status.
The fact that a higher proportion of carfilzomib-treated patients
achieved complete response or better in all transplant subgroups
is encouraging, given that previous studies have indicated an
association between depth of response and improved survival in
patients with MM.30 Collectively, the results obtained from these
two phase 3 studies suggest that, irrespective of prior transplant
status, carfilzomib-based regimens may provide increased clinical

benefit over Rd and Vd for patients with RRMM. Additional
robustly powered studies are required to confirm that carfilzomib-
based treatments provide increased clinical efficacy over Rd
and Vd.
Within the 1R1T subgroup, comprising patients enrolled in first

relapse after a frontline ASCT, late relapsers (⩾12 months)
generally fared better than early relapsers (o12 months), which
is not surprising given that patients who relapse within 1 year of
ASCT have more aggressive disease and poorer outcomes.31,32

Notably, there was a consistency of benefit for the carfilzomib-
based regimens for the early and late relapse subgroups. Patients
who progressed within 1 year after ASCT had a median PFS of
15.2 months with KRd treatment, which is longer than the
remission period after first-line ASCT. Patients with longer
remission after ASCT (⩾12 months) had a median PFS approaching
3 years with KRd treatment despite reduction in carfilzomib dose
intensity after 12 cycles and discontinuation of carfilzomib at 18
cycles.
With respect to survival outcomes, PFS HRs favored the

carfilzomib-based regimens for both early relapsers (KRd vs Rd,
0.75; Kd vs Vd, 0.36) and late relapsers (KRd vs Rd, 0.72; Kd vs
Vd, 0.48).
In this post hoc analysis of prior transplant subgroups of ASPIRE

and ENDEAVOR, we observed higher rates of grade ⩾ 3 AEs in
patients receiving carfilzomib-based regimens vs the non-
carfilzomib regimens. The frequency of AE-related treatment
discontinuation or death was similar between the KRd and Rd
arms in all subgroups of the ASPIRE study. In the ENDEAVOR study,
the frequency of AE-related treatment discontinuation or death
was similar between the Kd and Vd arms in the prior ASCT and no
ASCT subgroups. Although any-grade hypertension occurred ⩾ 5%
more frequently with KRd vs Rd and with Kd vs Vd in all
subgroups, hypertension is a recognized and manageable
complication of carfilzomib. Cardiac failure AEs were more
common in the no ASCT group than in the prior ASCT group in
all treatment arms, which is expected based on baseline
characteristics. In the prior ASCT subgroups of both studies, acute
renal failure AEs were more frequently reported in patients
receiving carfilzomib-based regimens than non-carfilzomib regi-
mens. These safety findings were generally similar to those
observed in the primary analyses of the ASPIRE and ENDEAVOR
populations.

Table 3. Progression-free survival and response by time to relapse in ASPIRE and ENDEAVOR

ASPIRE (1R1T subgroup) ENDEAVOR (1R1T subgroup)

Early relapsers Late relapsers Early relapsers Late relapsers

KRd (n= 19) Rd (n=19) KRd (n=69) Rd (n= 59) Kd (n= 23) Vd (n=28) Kd (n=99) Vd (n= 110)

PFS
Median PFS, months
(95% CI)

15.2
(5.1–24.1)

9.3
(3.9–16.1)

33.5
(25.9–38.9)

24.3
(15.0–NE)

NE (7.1–NE) 8.0
(2.8–12.1)

NE (15.6–NE) 11.2 (8.8–NE)

HR, KRd/Rd or Kd/Vd
(95% CI)

0.751
(0.353–1.599)

0.718
(0.432–1.195)

0.357
(0.153–0.832)

0.479
(0.297–0.771)

P-value (one-sided) 0.2279 0.0996 0.0065 0.0010

Overall response
CR or better, n (%) 1 (5.3) 0 27 (39.1) 8 (13.6) 0 0 18 (18.2) 13 (11.8)
VGPR or better, n (%) 13 (68.4) 7 (36.8) 56 (81.2) 30 (50.8) 12 (52.2) 5 (17.9) 63 (63.6) 45 (40.9)
ORR (95% CI) 78.9

(54.4–93.9)
57.9

(33.5–79.7)
92.8

(83.9–97.6)
72.9

(59.7–83.6)
87.0

(66.4–97.2)
50.0

(30.6–69.4)
82.8

(73.9–89.7)
71.8

(62.4–80.0)

Abbreviations: 1R1T, first relapse after frontline ASCT; ASCT, autologous stem cell transplantation; CI, confidence interval; CR, complete response; HR, hazard
ratio; Kd, carfilzomib+dexamethasone; KRd, carfilzomib+lenalidomide+dexamethasone; NE, not estimable; ORR, overall response rate; PFS, progression-free
survival; Rd, lenalidomide+dexamethasone; Vd, bortezomib+dexamethasone; VGPR, very good partial response. Includes patients who enrolled in study at
first relapse post-ASCT. Early relapsers refers to patients relapsing o12 months post-ASCT. Late relapsers refers to patients relapsing ⩾ 12 months post-ASCT.
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The proportions of patients in ASPIRE and ENDEAVOR who had
undergone stem cell transplant prior to enrollment (56.3% and
57.9%, respectively) were similar to those in other trials comparing
novel combination regimens to standards of care.33,34

For patients relapsing after prior treatment with or without
ASCT, either of these two carfilzomib-based regimens may be
implemented as subsequent therapy, as they potentially offer
longer PFS than other currently available regimens. Additionally,
carfilzomib is a proteasome inhibitor that leads to longer PFS in
RRMM patients than bortezomib (bortezomib as retreatment or in
bortezomib-naive patients). The majority of patients receiving
induction therapy followed by ASCT are exposed to bortezomib in

first line, making these results particularly relevant. KRd and Kd
show improved clinical outcomes for patients who have relapsed
following ASCT, including patients at first relapse. KRd and Kd also
show superior clinical efficacy in patients with RRMM with no prior
ASCT who are generally older and potentially less fit.
There is evidence that treating patients with RRMM early in the

course of their disease, particularly at first relapse, provides better
outcomes than subsequent therapy administered later. For
example, in a study by Stadtmauer et al.,35 Rd prolonged PFS
and increased ORR in patients with RRMM at first relapse vs
patients offered later subsequent treatment. In the ASPIRE study,
the use of KRd after first relapse improved median PFS by

Figure 3. Kaplan–Meier curves for PFS by time to relapse in the ASPIRE trial (1R1T group): (a) early relapsers and (b) late relapsers. Vertical
dashed line indicates the time point after which carfilzomib was discontinued according to study protocol. Early relapsers refers to patients
relapsing o12 months post-ASCT. Late relapsers refers to patients relapsing ⩾ 12 months post-ASCT.
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12 months (HR, KRd vs Rd; 0.694) compared with 9 months (HR,
KRd vs Rd; 0.688) in patients with⩾ 2 prior lines of therapy.36

Similarly, in the ENDEAVOR study, median PFS (Kd vs Vd) was
longer for patients with one prior line of therapy than in patients
with ⩾ 2 prior lines of therapy.37

To date, no head to head study has been performed to directly
compare the efficacy between KRd and Kd in RRMM. Nevertheless,
triplet combinations are known to be superior in efficacy to
doublets. In this study, KRd delivered 29.7 months of PFS in
patients who progressed following ASCT and subsequently
enrolled in ASPIRE at first relapse, and may therefore be
considered an appropriate treatment choice. However, if patients
have progressed or are intolerant to lenalidomide treatment, then
Kd would be an appropriate immunomodulatory drug-free
treatment regimen.

Aside from Rd and KRd, there are other Rd-based regimens,
including elotuzumab–Rd, daratumumab–Rd and ixazomib–Rd,
that have been evaluated for their efficacy in treating RRMM.
However, there are no prospective studies that compare these
newer three-agent combinations. The appropriate treatment
regimen upon relapse after ASCT should be individualized and
based on disease and patient characteristics, including patient’s
age, comorbidities, the number and type of prior regimens, the
risk of developing toxicity and the aggressiveness of the
disease.
Although this analysis demonstrates the relative efficacy and

safety of carfilzomib-based regimens over Rd and Vd in a
population of patients with and without prior ASCT, its design
has some potential limitations. One is its open-label design, which
could introduce bias. Additionally, this was a post hoc analysis with

Figure 4. Kaplan–Meier curves for PFS by time to relapse in the ENDEAVOR trial (1R1T group): (a) early relapsers and (b) late relapsers. Early
relapsers refers to patients relapsing o12 months post-ASCT. Late relapsers refers to patients relapsing ⩾ 12 months post-ASCT. NE, not
estimable.
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no preplanned hypothesis testing. Another limitation is the
relatively small number of patients who received lenalidomide
maintenance following ASCT in the ASPIRE and ENDEAVOR trials.
A number of studies have demonstrated a PFS benefit for
lenalidomide maintenance in the posttransplant setting.38–40 and
a majority of US-based ASCT recipients receive lenalidomide
maintenance following ASCT. Evidence, including a recent meta-
analysis by Attal et al.,41 has shown that overall survival is
significantly prolonged in patients receiving lenalidomide main-
tenance after ASCT. The present analysis would have been further
strengthened if information on post-ASCT lenalidomide main-
tenance in ASPIRE and ENDEAVOR were robust enough for
analysis.
In conclusion, this post hoc analysis suggests that carfilzomib-

based treatment leads to clinically meaningful improvements in
PFS and ORR compared with Rd and Vd in patients with and
without prior ASCT, including those in 1R1T. These results
strengthen the hypothesis that KRd and Rd have favorable
benefit-risk profiles in patients with RRMM, irrespective of ASCT
status or time to 1R1T.
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