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Carfilzomib–dexamethasone vs bortezomib–dexamethasone in
relapsed or refractory multiple myeloma by cytogenetic risk in
the phase 3 study ENDEAVOR
W-J Chng1,2, H Goldschmidt3, MA Dimopoulos4, P Moreau5, D Joshua6, A Palumbo7, T Facon8, H Ludwig9, L Pour10, R Niesvizky11,
A Oriol12, L Rosiñol13, A Suvorov14, G Gaidano15, T Pika16, K Weisel17, V Goranova-Marinova18, HH Gillenwater19, N Mohamed19,
S Feng19, S Aggarwal19 and R Hájek20

The randomized phase 3 study ENDEAVOR demonstrated a statistically significant and clinically meaningful improvement in
progression-free survival (PFS) for carfilzomib and dexamethasone (Kd) vs bortezomib and dexamethasone (Vd) in relapsed or
refractory multiple myeloma (MM). We conducted a preplanned subgroup analysis of ENDEAVOR to evaluate Kd vs Vd by
cytogenetic risk. Of 785 patients with known cytogenetics, 210 (27%) had high-risk cytogenetics (Kd, n= 97 (25%); Vd, n= 113
(28%)) and 575 (73%) had standard-risk cytogenetics (Kd, n= 284 (75%); Vd, n= 291 (72%)). Median PFS in the high-risk group was
8.8 months for Kd vs 6.0 months for Vd (hazard ratio (HR), 0.65; 95% confidence interval (CI), 0.45–0.92; P= 0.0075). Median PFS in
the standard-risk group was not estimable for Kd vs 10.2 months for Vd (HR, 0.44; 95% CI, 0.33–0.58; Po0.0001). Overall response
rates were 72.2% (Kd) vs 58.4% (Vd) in the high-risk group and 79.2% (Kd) vs 66.0% (Vd) in the standard-risk group. In the high-risk
group, 15.5% (Kd) vs 4.4% (Vd) achieved a complete response (CR) or better. In the standard-risk group, 13.0% (Kd) vs 7.9% (Vd)
achieved ⩾CR. This preplanned subgroup analysis found that Kd was superior to Vd in relapsed or refractory MM, regardless of
cytogenetic risk.
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INTRODUCTION
Certain chromosomal abnormalities, such as t(4;14) and del(17p),
are not uncommon in patients with multiple myeloma (MM)
(occurring in ~ 11% and 14% of MM patients, respectively) and are
associated with poor outcomes, including in those patients with
relapsed or refractory disease.1–4 A retrospective analysis found
that in patients with relapsed or refractory MM who were treated
with lenalidomide plus dexamethasone (Rd; n= 207), the presence
of t(4;14) was predictive of shorter overall survival (median 9.4 vs
15.4 months; P= 0.005).5 Similar results have also been observed
for the presence of del(17p), with the presence of this abnorma-
lity found to be independently associated with shorter survival in
patients with recurrent MM who were treated with Rd.6

Although the presence of the aforementioned cytogenetic
abnormalities has been shown to affect treatment response and
survival, there are limited data on the ability of novel agents to
improve or overcome the adverse prognosis of high-risk
cytogenetics. Although the first-generation proteasome inhibitor

bortezomib has been shown to be beneficial in patients with high-
risk cytogenetics, there have been conflicting reports regarding
its benefit associated with t(4;14) or del(17p) cytogenetic
abnormalities.7–10 Based on review of the literature, the Interna-
tional Myeloma Working Group (IMWG) recently stated that
bortezomib partly overcomes the adverse effect of t(4;14) and
possibly del(17p) on survival.11 Given the prognostic importance
of high-risk cytogenetics in relapsed/refractory MM, there is an
unmet need to understand the interaction between the efficacy of
novel treatments and baseline cytogenetic risk status. Accordingly,
the IMWG has stated that the analysis of cytogenetic subgroups in
trials comparing different therapies is an important goal.11

Carfilzomib is a second-generation proteasome inhibitor that is
approved in the United States in relapsed or refractory MM when
used as a single agent for the treatment of patients who have
received one or more lines of therapy and when used in
combination with dexamethasone or lenalidomide plus dexa-
methasone for the treatment of patients who have received one

1Department of Haematology-Oncology, National University Cancer Institute, National University Health System, Singapore, Singapore; 2Department of Haematology-Oncology,
Cancer Science Institute of Singapore, National University of Singapore, Singapore, Singapore; 3Department of Internal Medicine, Heidelberg Medical University, Heidelberg,
Germany; 4School of Medicine, National and Kapodistrian University of Athens, Athens, Greece; 5Department of Haematology, University of Nantes, Nantes, France; 6Department
of Haematology, Royal Prince Alfred Hospital, Camperdown, New South Wales, Australia; 7Department of Oncology, University of Torino, Torino, Italy; 8Department of
Haematology, CHRU Lille Hôpital Claude Huriez, Lille, France; 9Department of Medicine, Wilhelminen Cancer Research Institute, Wilhelminenspital, Vienna, Austria; 10Myeloma
Group, University Hospital Brno, Brno, Czech Republic; 11Multiple Myeloma Center, Weill Cornell Medical College, New York Presbyterian Hospital, New York, NY, USA;
12Department of Clinical Haematology, Institut Català d’Oncologia, Institut Josep Carreras, Hospital Germans Trias i Pujol, Barcelona, Spain; 13Department of Haematology,
Hospital Clínic de Barcelona, Barcelona, Spain; 14Hematological Department, First Republican Clinical Hospital of Udmurtia, Izhevsk, Russia; 15Division of Hematology, Department
of Translational Medicine, Amedeo Avogadro University of Eastern Piedmont, Novara, Italy; 16Department of Hematooncology, University Hospital Olomouc, Olomouc, Czech
Republic; 17Myeloma Clinic, Universitatsklinikum Tubingen, Tubingen, Germany; 18Haematooncology Clinic, University Multiprofile Hospital for Active Treatment ‘Sveti Georgi’
and Medical University, Plovdiv, Bulgaria; 19Onyx Pharmaceuticals, Inc., an Amgen subsidiary, South San Francisco, CA, USA and 20Department of Haematooncology, University
Hospital Ostrava, Faculty of Medicine, University of Ostrava, Ostrava, Czech Republic. Correspondence: Professor W-J Chng, Cancer Science Institute of Singapore, National
University of Singapore, 14 Medical Drive, Singapore 117599, Singapore.
E-mail: mdccwj@nus.edu.sg
Received 21 September 2016; revised 23 November 2016; accepted 5 December 2016; accepted article preview online 27 December 2016; advance online publication, 3 February 2017

Leukemia (2017) 31, 1368–1374

www.nature.com/leu

http://dx.doi.org/10.1038/leu.2016.390
mailto:mdccwj@nus.edu.sg
http://www.nature.com/leu


to three prior lines of therapy. The combinations of carfilzomib
with dexamethasone or lenalidomide plus dexamethasone are
also approved in the European Union for the treatment of
patients with MM who have received at least one prior therapy.
The approval of carfilzomib plus dexamethasone (Kd) was based on
interim results from the randomized, phase 3 ENDEAVOR study that
compared Kd with bortezomib and dexamethasone (Vd) in patients
with relapsed or refractory MM.12 Treatment with Kd led to a clinically
meaningful and statistically significant two-fold improvement in
median progression-free survival (PFS) when compared with Vd (18.7
vs 9.4 months; hazard ratio (HR), 0.53; 95% confidence interval (CI),
0.44–0.65, Po0.0001) at the interim analysis. Patients in the Kd
group had a significantly higher overall response rate (ORR, 77% vs
63%; odds ratio, 2.03; 95% CI, 1.52‒2.72; Po0.0001) than patients in
the Vd group. Overall survival data were immature at the time of the
interim analysis with 75 deaths in the Kd group and 88 deaths in the
Vd group (HR=0.79).
Herein we present results of a preplanned subgroup analysis of

the ENDEAVOR study at the interim analysis that was conducted
to evaluate Kd vs Vd based on baseline cytogenetic risk status.

SUBJECTS AND METHODS
Study design and participants
ENDEAVOR was a randomized, open-label, multicenter, phase 3 study that
evaluated Kd vs Vd in patients with relapsed or refractory MM, for which
the study design has been described previously.12 The primary end point
was PFS (that is, the time from randomization until disease progression or
death due to any cause, whichever occurred first) as determined by an
Independent Review Committee. Secondary end points included overall
survival, ORR, duration of response (DOR; that is, the time from first
evidence of a partial response (PR) or better to confirmation of disease
progression or death from any cause), grade ⩾ 2 peripheral neuropathy
rate, and safety.
Adult patients with relapsed or refractory MM (1–3 prior lines of therapy)

were eligible for enrollment. Patients previously exposed to carfilzomib or
bortezomib were eligible provided that they achieved at least a PR to prior
treatment with a ⩾ 6-month proteasome inhibitor treatment-free interval
and did not discontinue due to toxicity. Patients were randomly assigned
(1:1 ratio) to receive Kd or Vd in 28-day or 21-day cycles, respectively, until
withdrawal of consent, physician’s decision, death, disease progression or
unacceptable toxicity. Randomization was stratified by prior proteasome
inhibitor therapy, prior lines of treatment, International Staging System (ISS)
stage, and route of bortezomib administration (if randomized to the Vd
group). All patients received dexamethasone (20 mg; oral or intravenous) on
days 1, 2, 8, 9, 15, 16, 22 and 23 in the Kd arm and on days 1, 2, 4, 5, 8, 9, 11
and 12 in the Vd arm. Patients in the Kd group received carfilzomib (20 mg/
m2 (days 1 and 2 of cycle 1); 56 mg/m2 thereafter) as a 30-min intravenous
infusion on days 1, 2, 8, 9, 15 and 16 of 28 cycles. Patients in the Vd group
received bortezomib (1.3 mg/m2) as an intravenous bolus or subcutaneous
injection on days 1, 4, 8 and 11 of 21-day cycles.

Assessments
Bone marrow aspirate and biopsy were collected at baseline to quantify
percent myeloma cell involvement and for fluorescent in situ hybridization
(FISH). The FISH analyses were performed at a central laboratory and used
to assess cytogenetic risk status. Of note, FISH results were not available
before randomization and cytogenetic risk status was not a stratification
factor.
Patients were classified into cytogenetic subgroups. The high-risk group

consisted of patients with the genetic subtype t(4;14) or t(14;16) in ⩾ 10%
of screened plasma cells or with del(17p) in ⩾ 20% of screened plasma
cells. The standard-risk group consisted of all other patients with available
and known baseline cytogenetics. The unknown/missing cytogenetics
subgroup included patients who had a FISH assessment, but were either
not analyzable or did not yield a definitive result.

Statistical analysis
Efficacy analyses were based on the intention-to-treat (ITT) population,
including all randomized patients, whereas the safety population included
those who received at least one dose of study treatment. The per-arm

distribution of PFS, including the median, was estimated for each
cytogenetic subgroup using the Kaplan–Meier method. The 95% CI for
the median PFS was estimated using the method by Klein and
Moeschberger13 with log–log transformation. HRs were estimated from a
Cox proportional hazards model.
The ORRs for each treatment arm and cytogenetic subgroup were

calculated as the proportion of patients who had a best overall response of
a PR or better. The 95% CI for the ORR was estimated using the Clopper–
Pearson interval. The per-arm distribution of DOR, including the median,
was estimated for each cytogenetic subgroup using the Kaplan–Meier
method. Treatment effects in the subgroups for ORR were represented by
an odds ratio and its corresponding 95% CI.
Reported P-values for this subgroup analysis are one-sided, unadjusted

for multiple comparisons, and are descriptive in nature.

RESULTS
Patients and enrollment
Between June 2012 and June 2014, 929 patients from North
America, Europe and the Asia-Pacific region were enrolled and
randomized (Kd, n= 464; Vd, n= 465), for which patient character-
istics, efficacy and safety have been reported previously.12 The
cutoff date for the interim analysis was 10 November 2014.
A total of 785 patients (Kd, n= 381; Vd, n= 404), representing

84.5% of the study population, had known cytogenetic risk status.
Of these, 210 patients (27%) had high-risk cytogenetics (Kd, n= 97
(25%); Vd, n= 113 (28%)) and 575 patients (73%) had standard-risk
cytogenetics (Table 1; Kd, n= 284 (75%); Vd, n= 291 (72%)). The
remaining 144 patients had missing (Kd, n= 28; Vd, n= 31) or
unknown (Kd, n= 55; Vd, n= 30) cytogenetics. Among patients
with known cytogenetics, 111 (14%) had the t(4;14) abnormality in
⩾ 10% of screened plasma cells (Kd, n= 50 (13%); Vd, n= 61 (15%)),
19 (2%) had the t(14;16) abnormality in ⩾ 10% of screened
plasma cells (Kd, n= 10 (3%); Vd, n= 9 (2%)), and 92 (12%) had the
del(17p) abnormality in ⩾ 20% of screened plasma cells (Kd, n= 40
(10%); Vd, n= 52 (13%)).
Overall, baseline patient characteristics were generally balanced

across cytogenetic subgroups (Table 2; Supplementary Table S1).
High-risk patients in both arms had higher rates of ISS stage 2 or 3
disease.

Efficacy by cytogenetic subgroup
Consistent with the overall study results,12 Kd reduced the risk of
disease progression or death relative to Vd in the high-risk and
standard-risk cytogenetic subgroups (Figure 1). In the high-risk
group, patients receiving Kd had a median PFS of 8.8 months
compared with 6.0 months in those receiving Vd (HR, 0.646; 95% CI,
0.453–0.921; P=0.0075). In the standard-risk group, the median PFS
was not estimable in patients receiving Kd and was 10.2 months in
those receiving Vd (HR, 0.439; 95% CI, 0.333–0.578; Po0.0001); in the
relatively small subgroup of patients with unknown/missing cyto-
genetics status (15.5% of the study population), the corresponding

Table 1. Baseline cytogenetics among patients with known
cytogenetics

Cytogenetics, n (%) Kd (n=381) Vd (n= 404)

High risk 97 (25.5) 113 (28.0)
t(4;14) 50 (13.1) 61 (15.1)
t(14;16) 10 (2.6) 9 (2.2)
del(17p) 40 (10.5) 52 (12.9)

Standard risk 284 (74.5) 291 (72.0)

Abbreviations: Kd, carfilzomib and dexamethasone; Vd, bortezomib and
dexamethasone.
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durations were 15.4 months and 12.2 months, respectively (HR, 0.673;
95% CI, 0.410–1.106; P=0.058).
Kd was also more effective than Vd with respect to the rate,

depth and DOR regardless of cytogenetic risk status (Table 3). In
the high-risk cytogenetic subgroup, the ORR was 72.2% with Kd vs
58.4% with Vd (odds ratio, 1.85; 95% CI, 1.03–3.30; P= 0.019), with
complete responses (CRs) or better in 15.5% and 4.4% of patients,
respectively. In the standard-risk subgroup, corresponding ORRs
were 79.2% and 66.0%, respectively (odds ratio, 1.97; 95% CI,
1.35–2.86; P= 0.0002), including CR or better rates of 13.0% and
7.9%, respectively. Median DOR was 10.2 months for Kd vs
8.3 months for Vd in the high-risk subgroup and not estimable vs
11.7 months, respectively, in the standard-risk subgroup.

PFS HRs and response rates also favored the Kd group in the
small subgroups of patients with specific cytogenetic abnormal-
ities (Table 4). For patients with del(17p), patients treated with Kd
had a median PFS of 7.6 months compared with 4.9 months for Vd
(HR, 0.73; 95% CI, 0.42–1.27; P= 0.13). For patients with t(4;14),
patients treated with Kd had a median PFS of 10.1 months
compared with 6.8 months for Vd (HR, 0.63; 95% CI, 0.38–1.02;
P= 0.03). There were too few patients with t(14;16) to perform an
informative analysis and results are therefore not reported for this
subgroup.
In patients with high-risk cytogenetics, the median PFS

was longer for patients receiving Kd than for those receiving
Vd irrespective of the number of prior lines of therapy or

Table 2. Prior treatment (ITT population)

High risk Standard risk Unknown/missing

Kd (n=97) Vd (n= 113) Kd (n=284) Vd (n= 291) Kd (n= 83) Vd (n= 61)

Number of prior regimens,a n (%)
1 44 (45.4) 53 (46.9) 149 (52.5) 144 (49.5) 39 (47.0) 35 (57.4)
2 37 (38.1) 37 (32.7) 86 (30.3) 95 (32.6) 34 (41.0) 13 (21.3)
3 16 (16.5) 22 (19.5) 49 (17.3) 52 (17.9) 10 (12.0) 13 (21.3)

Prior therapy, n (%)
Bortezomib 54 (55.7) 61 (54.0) 150 (52.8) 158 (54.3) 46 (55.4) 33 (54.1)
Carfilzomib 0 0 1 (0.4) 0 1 (1.2) 1 (1.6)
Lenalidomide 43 (44.3) 51 (45.1) 100 (35.2) 104 (35.7) 34 (41.0) 22 (36.1)
Thalidomide 47 (48.5) 62 (54.9) 126 (44.4) 152 (52.2) 38 (45.8) 33 (54.1)

Abbreviations: ITT, intention-to-treat; Kd, carfilzomib and dexamethasone; Vd, bortezomib and dexamethasone. aOne patient in the bortezomib group (high
risk) had four prior regimens.
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Figure 1. Kaplan–Meier estimate of progression-free survival by cytogenetic risk status. CI, confidence interval; Kd, carfilzomib and
dexamethasone; NE, not estimable; PFS, progression-free survival; Vd, bortezomib and dexamethasone.
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prior exposure to bortezomib (Supplementary Tables S2 and S3).
The ORRs in the high-risk cytogenetics subgroup were higher
with Kd than with Vd, irrespective of the number of prior
lines of therapy (Supplementary Table S2) or prior exposure to
bortezomib (Supplementary Table S3).

Safety
The safety and tolerability profiles with Kd and Vd in the settings
of high- and standard-risk cytogenetics were consistent with
previously published data for the overall population.12 Kd was
associated with a slightly higher rate of grade ⩾ 3 treatment-
emergent adverse events (TEAEs; 70‒75% across groups vs
63‒68% with Vd) but not of TEAE-related treatment discontinua-
tions (19‒22% across groups with both Kd and Vd), despite longer
median treatment durations for Kd vs Vd (Table 5). Grade ⩾ 2
peripheral neuropathy was reported at lower rates with Kd vs Vd
in the high-risk group (3.1% vs 35.1%; odds ratio, 0.059; 95% CI,

0.018–0.198) and also in the standard-risk group (6.4% vs 33.4%;
odds ratio, 0.135; 95% CI, 0.079–0.231).

DISCUSSION
Per this preplanned cytogenetic subgroup analysis of the
ENDEAVOR study, Kd improved PFS relative to Vd in patients
with both high- and standard-risk cytogenetics. For patients with
standard-risk cytogenetics, treatment with Kd vs Vd resulted in a
longer PFS (median, NE vs 10.2 months; HR, 0.439; Po0.0001) and
higher responses rates (ORR, 79.2% vs 66.0%; ⩾CR rate, 13.0% vs
7.9%). For patients with high-risk cytogenetics, treatment with Kd
vs Vd also resulted in a longer PFS (8.8 vs 6.0 months; HR, 0.646;
P= 0.0075) and higher response rates (ORR, 72.2% vs 58.4%; ⩾CR
rate, 15.5% vs 4.4%). However, it should be noted that although
the magnitude of the ORR benefit for Kd vs Vd was similar
between the standard- and high-risk groups, the magnitude of the
PFS benefit for Kd vs Vd was lower in the high-risk group

Table 3. Response by cytogenetic risk status at baseline (ITT population)

High risk Standard risk Unknown/missing

Kd (n=97) Vd (n= 113) Kd (n= 284) Vd (n= 291) Kd (n=83) Vd (n= 61)

Overall response rate, n (%)a 70 (72.2) 66 (58.4) 225 (79.2) 192 (66.0) 62 (74.7) 33 (54.1)
95% CIb 62.1–80.8% 48.8–67.6% 74.0–83.8% 60.2–71.4% 64.0–83.6% 40.8–66.9%
Odds ratio for Kd vs Vd (95% CI)c 1.85 (1.03–3.30) 1.97 (1.35–2.86) 2.51 (1.24–5.08)
One-sided P-valued 0.0190 0.0002 0.0051

Best overall response, n (%)a

Complete response or better 15 (15.5) 5 (4.4) 37 (13.0) 23 (7.9) 6 (7.2) 1 (1.6)
Stringent complete response 2 (2.1) 3 (2.7) 6 (2.1) 6 (2.1) 0 0
Complete response 13 (13.4) 2 (1.8) 31 (10.9) 17 (5.8) 6 (7.2) 1 (1.6)

Very good partial response 30 (30.9) 29 (25.7) 130 (45.8) 63 (21.6) 34 (41.0) 12 (19.7)
Partial response 25 (25.8) 32 (28.3) 57 (20.1) 105 (36.1) 22 (26.5) 20 (32.8)
Minimal response 8 (8.2) 11 (9.7) 12 (4.2) 36 (12.4) 4 (4.8) 6 (9.8)
Stable disease 9 (9.3) 17 (15.0) 21 (7.4) 28 (9.6) 10 (12.0) 8 (13.1)
Progressive disease 6 (6.2) 10 (8.8) 15 (5.3) 16 (5.5) 4 (4.8) 5 (8.2)
Not evaluable 4 (4.1) 9 (8.0) 12 (4.2) 20 (6.9) 3 (3.6) 9 (14.8)

Duration of response, median months 10.2 8.3 NE 11.7 21.3 11.7
95% CI 7.4–15.8 5.0–12.2 NE 9.3–14.9 10.7–NE 8.3–NE

Abbreviations: CI, confidence interval; ITT, intention-to-treat; Kd, carfilzomib and dexamethasone; NE, not estimable; Vd, bortezomib and dexamethasone.
aDetermined by Independent Review Committee according to the International Myeloma Working Group Uniform Response Criteria. Patients evaluated for
overall response rate had a best overall response of partial response or better. bClopper− Pearson interval. cThe odds ratio and 95% CI were calculated using
2x2 tables. dThe P-values were calculated using chi-square tests.

Table 4. Efficacy by specific cytogenetic abnormalities (ITT population)

High risk

del(17p) t(4;14)

Kd (n=40) Vd (n=52) Kd (n= 50) Vd (n= 61)

PFS, median months (95% CI) 7.6 (5.6–11.2) 4.9 (3.9–7.5) 10.1 (6.9–NE) 6.8 (5.6–9.4)
Hazard ratio (95% CI) 0.73 (0.42–1.27) 0.63 (0.38–1.02)
One-sided P-value 0.13 0.03
ORR,a % (95% CI) 62.5 (45.8–77.3) 50.0 (35.8–64.2) 78.0 (64.0–88.5) 65.6 (52.3–77.3)
Odds ratio (95% CI) 1.67 (0.72–3.86) 1.86 (0.79–4.37)
One-sided P-value 0.12 0.08

Abbreviations: CI, confidence interval; ITT, intention-to-treat; Kd, carfilzomib and dexamethasone; NE, not estimable; ORR, overall response rate; PFS,
progression-free survival; Vd, bortezomib and dexamethasone. aDetermined by Independent Review Committee according to the International Myeloma
Working Group Uniform Response Criteria. Patients evaluated for overall response rate had a best overall response of partial response or better.
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compared with the standard-risk group. The efficacy results from
this subgroup analysis are consistent with those reported in the
overall ITT population, where Kd was shown to be superior to Vd
in terms of PFS and treatment response.12 From a safety
standpoint, despite the longer durations of treatment with Kd
than with Vd, no safety signals emerged in any cytogenetics
subgroup and the safety profile was consistent between high- and
standard-risk subgroups.
A consistency of benefit was observed for Kd vs Vd, irrespective

of the number of prior lines of therapy, prior exposure to
bortezomib, and the presence of specific cytogenetic abnormal-
ities; however, the number of patients within each of these
subgroups was small. In this analysis, the median PFS durations in
the Vd and Kd group were lower for patients with these
cytogenetic abnormalities compared with the overall cohorts
(t(4;14), 6.8 months; del(17p), 4.9 months; overall, 9.4 months for
the Vd population and t(4;14), 10.1 months; del(17p), 7.6 months;
overall, 18.7 months for the Kd population).
Overall, about 84% of the ENDEAVOR population had known

cytogenetics, which compares favorably to other cytogenetic
studies.1,14 Nonetheless, a potential limitation of the current
analysis is that 16% of patients had unknown or missing
cytogenetics. However, baseline patient and disease character-
istics were generally similar between patients with known and
unknown/missing cytogenetics, with no apparent differences with
respect to efficacy and safety outcomes in the unknown/missing
subgroup relative to the ITT population.
The findings from this subgroup analysis build upon previous

studies of the effect of carfilzomib by cytogenetic risk status. In a
subgroup analysis of the PX-171–003-A1 study evaluating single-
agent carfilzomib in patients with relapsed and refractory MM, the

ORR was similar between patients with high- and standard-risk
cytogenetics (25.8% vs 24.6%; P= 0.85). However, time-to-event
outcomes were shorter in patients with high-risk cytogenetics
than in those with standard-risk cytogenetics.15 Carfilzomib
combined with thalidomide and dexamethasone, cyclophospha-
mide and dexamethasone, or lenalidomide and dexamethasone
has demonstrated similar response rates between cytogenetic risk
groups in patients with newly diagnosed MM.16–19 Of note, data
are also available from a cytogenetics subanalysis of the ASPIRE
phase 3 trial,14 which compared carfilzomib, lenalidomide and
dexamethasone (KRd) versus lenalidomide and dexamethasone
(Rd) in a similar patient population of patients who received one
to three prior lines of therapy.20 The ASPIRE cytogenetics
subanalysis found longer median PFS and higher ORRs in high-
risk patients receiving KRd vs Rd (23.1 vs 13.9 months and
79.2% vs 59.6%, respectively), as well as standard-risk patients
(29.6 vs 19.5 months, and 91.2% versus 73.5%, respectively).14

Collectively, the results of these studies have demonstrated that
carfilzomib-based therapies carry a favorable benefit-risk profile in
the treatment of MM across cytogenetic risk categories.
Determining the impact of newer agents on the outcomes of

patients with high-risk MM has been of interest, and an increasing
number of studies are finding that they are efficacious in patients
with relapsed/refractory MM who harbor cytogenetic aberrations.
In phase 2 and phase 3 studies, pomalidomide plus low-dose
dexamethasone has demonstrated efficacy in patients with
relapsed/refractory MM who harbor the del(17p) and/or
t(4;14) cytogenetic abnormalities.1,21 In the randomized, phase 3
TOURMALINE-MM1 study, the median PFS observed with ixazo-
mib, lenalidomide, and dexamethasone was similar among
patients with del(17p), those with t(4;14), and those without these

Table 5. Adverse events, treatment discontinuations and deaths (safety population)

Preferred term High risk Standard risk Unknown/missing

Kd (n= 97) Vd (n=111) Kd (n= 283) Vd (n= 287) Kd (n= 83) Vd (n=58)

Treatment duration, median weeks (range) 30.3 (1.0–93.1) 22.0 (1.0–85.0) 40.9 (2.0–108.1) 28.0 (1.0–106.1) 36.9 (1.0–104.0) 21.3 (1.0–70.0)
Grade ⩾ 3 treatment-emergent AE, n (%) 68 (70.1) 70 (63.1) 209 (73.9) 196 (68.3) 62 (74.7) 39 (67.2)
Patients with at least one treatment-emergent
AE leading to study treatment discontinuation,
n (%)

18 (18.6) 22 (19.8) 56 (19.8) 62 (21.6) 18 (21.7) 11 (19.0)

Deaths within 30 days of last dose of any study
drug, n (%)a

8 (8.2) 5 (4.4) 9 (3.2) 14 (4.8) 5 (6.0) 2 (3.3)

Hematologic grade ⩾ 3 AEs,b n (%)
Anemia 14 (14.4) 14 (12.6) 44 (15.5) 23 (8.0) 9 (10.8) 8 (13.8)
Thrombocytopenia 7 (7.2) 14 (12.6) 23 (8.1) 21 (7.3) 9 (10.8) 8 (13.8)
Decreased platelet count 2 (2.1) 6 (5.4) 11 (3.9) 16 (5.6) 4 (4.8) 2 (3.4)
Decreased lymphocyte count 3 (3.1) 2 (1.8) 21 (7.4) 6 (2.1) 2 (2.4) 0
Lymphopenia 5 (5.2) 1 (0.9) 10 (3.5) 6 (2.1) 5 (6.0) 5 (8.6)

Nonhematologic grade ⩾ 3 AEs,b n (%)
Pneumonia 8 (8.2) 10 (9.0) 19 (6.7) 18 (6.3) 5 (6.0) 8 (13.8)
Fatigue 5 (5.2) 7 (6.3) 18 (6.4) 20 (7.0) 2 (2.4) 5 (8.6)
Asthenia 4 (4.1) 3 (2.7) 11 (3.9) 8 (2.8) 1 (1.2) 3 (5.2)
Hypertension 6 (6.2) 4 (3.6) 30 (10.6) 8 (2.8) 5 (6.0) 0
Diarrhea 4 (4.1) 9 (8.1) 10 (3.5) 23 (8.0) 2 (2.4) 2 (3.4)
Peripheral neuropathy 1 (1.0) 4 (3.6) 4 (1.4) 20 (7.0) 1 (1.2) 0
Dyspnea 5 (5.2) 1 (0.9) 16 (5.7) 6 (2.1) 4 (4.8) 3 (5.2)
Back pain 1 (1.0) 0 4 (1.4) 9 (3.1) 3 (3.6) 3 (5.2)
Bone pain 1 (1.0) 0 4 (1.4) 4 (1.4) 5 (6.0) 2 (3.4)
Syncope 0 1 (0.9) 0 8 (2.8) 0 3 (5.2)

Abbreviations: AE, adverse event; Kd, carfilzomib and dexamethasone; Vd, bortezomib and dexamethasone. aPercentage based on the intention-to-treat
population of 97 (Kd) and 113 (Vd) high-risk patients; 284 (Kd) and 291 (Vd) standard-risk patients; and 83 (Kd) and 61 (Vd) unknown/missing cytogenetics
patients. bGrade ⩾ 3 adverse events reported in ⩾ 5% of patients in any subgroup.
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cytogenetic abnormalities.22 Monoclonal antibodies have also
shown activity in patients with high-risk cytogenetics.23 In the
randomized, phase 3 ELOQUENT-2 study evaluating elotuzumab,
lenalidomide and dexamethasone (ERd) vs Rd in relapsed or
refractory MM, HRs for PFS favored the ERd group in patients with
del(17p) and also in those with t(4;14).24 Along with the results
from this subgroup analysis of the ENDEAVOR study, these
findings suggest that modern therapies are effective in patients
with historically high-risk disease.
Notably, the cutoff value for the proportion of plasma cells with

del(17p) used to define adverse cytogenetics has varied between
studies. The ENDEAVOR study used a cutoff value of 20%, whereas
the ASPIRE study used a cutoff value of 60%; other studies have
also used the presence of any detectable mutation to indicate a
positive result.1,20 It is presently not clear which cutoff value for
del(17p) is optimal and whether the cutoff value should vary by
treatment and disease stage; additional studies are ongoing to
address these issues.11

Although this subgroup analysis found evidence of benefit for
Kd vs Vd, irrespective of cytogenetic risk, there are potential
limitations of the analysis. The first was that this was an open-label
study design which has the potential to introduce bias. Another
limitation was that this subanalysis used the genetic subtypes
t(4;14), t(14;16) and del(17p) to risk-classify patients and did not
incorporate other factors or abnormalities which may represent
high-risk patients.
In conclusion, this preplanned subgroup analysis of the

ENDEAVOR study found that Kd was superior to Vd in patients
with relapsed or refractory MM, regardless of baseline cytogenetic
risk status. Across cytogenetic risk subgroups, Kd should be
considered in patients with relapsed or refractory MM for whom
Vd is a potential treatment option. As patients with high-risk
cytogenetics still have poor outcomes after frontline treatment,
including therapies incorporating novel agents,11 the benefit-risk
profile of carfilzomib-based regimens by cytogenetic risk status
merits further evaluation in the upfront setting.
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