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Key Points

• Post hoc analyses of
CASTOR/POLLUX
showed PFS and
depth of response
benefit with
daratumumab,
regardless of relapse
timing (early or late).

• These results support
daratumumab use for
patients with MM who
relapse early after initial
therapy and have
functional high-risk
disease.
t on 31 January 2024
High-risk multiple myeloma (MM) is often defined based on cytogenetic abnormalities, but

patients who relapse early after initial therapy are considered a functional high-risk group. In

the phase 3 CASTOR and POLLUX studies, daratumumab plus bortezomib/dexamethasone

(D-Vd) or lenalidomide/dexamethasone (D-Rd) improved progression-free survival (PFS) and

overall survival (OS), regardless of cytogenetic risk, and achieved higher rates of complete

response or better (≥CR) and minimal residual disease (MRD) negativity vs that with Vd/Rd

alone in relapsed/refractory MM. Post hoc analyses of CASTOR and POLLUX evaluated patient

subgroups with 1 prior line of therapy based on timing of progression/relapse (early or late)

after initiation of first line of therapy. PFS consistently favored the daratumumab-containing

regimens across subgroups using both a 24- and 18-month early-relapse cutoff. In the

CASTOR/POLLUX pooled data set, daratumumab reduced the risk of disease progression or

death by 65% (hazard ratio [HR], 0.35; 95% confidence interval [CI], 0.26-0.48; P < .0001) in the

early-relapse (<24 months) subgroup and by 65% (HR, 0.35; 95% CI, 0.26-0.47; P < .0001) in the

late-relapse (≥24 months) subgroup. OS also favored the daratumumab-containing regimens in

both the early-relapse (HR, 0.62; 95% CI, 0.45-0.86; P = .0036) and late-relapse (HR, 0.67; 95% CI,

0.48-0.93; P = .0183) subgroups in the pooled population using a 24-month cutoff. Rates of ≥CR
and MRD negativity (10−5) were higher with daratumumab vs control, regardless of

progression/relapse timing. Although daratumumab is unable to fully overcome the adverse

prognosis of early relapse, our results support the use of daratumumab for patients with 1

prior line of therapy, including for those who progress/relapse early after initial therapy and

are considered to have functional high-risk MM. These trials were registered at www.

clinicaltrials.gov as #NCT02136134 (CASTOR) and #NCT02076009 (POLLUX).
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Introduction

High-risk multiple myeloma (MM) is often defined based on the
presence of cytogenetic abnormalities that have been associated
with worse prognosis, namely t(4;14), t(14;16), t(14;20),
gain(1q21)/amp(1q21), and/or del17p.1,2 However, patients with
MM who relapse early after initial therapy, even in the absence of
≥1 of these features, are considered a functional high-risk group
that is also associated with poor prognosis.1,3-6 A genomic analysis
of patients with newly diagnosed MM (NDMM) in the Multiple
Myeloma Research Foundation CoMMpass data set divided
patients into 3 groups: a genomic high-risk group (defined as
patients with t[4;14] or t[14;16] or complete loss of functional
TP53 or 1q21 gain and International Staging System [ISS] stage
III), a functional high-risk group (defined as patients with no markers
of the genomic high-risk group but who were refractory to induction
therapy or had early relapse within 12 months), and a standard-risk
group (defined as patients who did not fulfill any of the criteria for
genomic or functional high risk).4 Interestingly, patients in the
functional high-risk group who had no clinically applied high-risk
genetic factors had the poorest median overall survival (OS;
27.6 months) compared with those in the standard-risk group
(median, not reached [NR]) or the genomic high-risk group
(44.7 months).4 Patients with functional high-risk MM represent an
ongoing unmet therapeutic need.

Daratumumab is a human immunoglobulin Gκ monoclonal antibody
targetingCD38with a direct on-tumor7-10 and immunomodulatory11-13

mechanism of action, demonstrating greater cytotoxicity toward MM
cells ex vivo compared with analogs of other CD38 antibodies.14

Daratumumab induces higher levels of complement-dependent cyto-
toxicity and similar levels of antibody-dependent cell-mediated cyto-
toxicity and antibody-dependent cellular phagocytosis and, in the
presence of Fc receptor crosslinking, which occurs naturally in vivo,
daratumumab elicits similar levels of cell death compared with analogs
of other CD38 antibodies.14 Results from phase 3 studies demon-
strated that the addition of daratumumab to standard-of-care regimens
improved progression-free survival (PFS) and OS and achieved deep
and durable responses for patients with MM.15-25 Daratumumab is
approved as monotherapy for relapsed or refractory MM (RRMM) and
in combinationwith standard-of-care regimens for patients with RRMM
or NDMM.26,27

In the phase 3 CASTOR and POLLUX studies, daratumumab in
combination with bortezomib and dexamethasone (D-Vd) or lena-
lidomide and dexamethasone (D-Rd), respectively, improved PFS,
regardless of cytogenetic risk status, and achieved higher rates of
complete response or better (≥CR) and minimal residual disease
(MRD) negativity vs Vd or Rd alone for patients with RRMM.21,23

Recently reported survival data from CASTOR and POLLUX
demonstrated, to our knowledge, for the first time, an OS benefit
with daratumumab-containing regimens in RRMM, including for
patients with high-risk cytogenetic abnormalities.22,24

Here, we present post hoc analyses of CASTOR and POLLUX
conducted to evaluate D-Vd vs Vd and D-Rd vs Rd in patient
subgroups with 1 prior line of therapy based on timing of pro-
gression or relapse (early or late) after initiation of the first line of
therapy to determine the efficacy of daratumumab-containing reg-
imens in functional high-risk MM.
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Methods

Trial design and oversight

CASTOR (NCT02136134) and POLLUX (NCT02076009) are
multicenter, randomized, open-label, phase 3 studies in patients
with RRMM. The study designs have been published previ-
ously.28,29 Briefly, eligible patients in both studies had received ≥1
prior line of therapy, achieved at least a partial response to ≥1
previous therapy, and documented progressive disease per Inter-
national Myeloma Working Group criteria30,31 on or after their last
regimen. Patients refractory to or intolerant of bortezomib or
refractory to another proteasome inhibitor were excluded from
CASTOR.28 Patients refractory to or intolerant of lenalidomide
were excluded from POLLUX.29 Trial protocols were approved by
independent ethics committees or institutional review boards at
each site. Patients provided written informed consent, and both
trials were conducted in accordance with the principles of the
Declaration of Helsinki and the International Conference on
Harmonization Good Clinical Practice guidelines.

Randomization and study treatment

Patients were randomly assigned 1:1 to D-Vd or Vd in CASTOR
and to D-Rd or Rd in POLLUX.28,29 In CASTOR, patients were
stratified based on ISS disease stage (I vs II vs III), number of prior
lines of therapy (1 vs 2 or 3 vs >3), and previous bortezomib
treatment (yes vs no). All patients received up to 8 cycles (21 days
per cycle) of bortezomib (1.3 mg/m2 subcutaneously on days 1, 4,
8, and 11) and dexamethasone (20 mg orally or IV on days 1, 2, 4,
5, 8, 9, 11, and 12). Patients in the D-Vd group received dar-
atumumab (16 mg/kg IV) weekly in cycles 1 to 3, every 3 weeks in
cycles 4 to 8, and every 4 weeks thereafter until disease pro-
gression or unacceptable toxicity.

In POLLUX, patients were stratified based on ISS disease stage (I
vs II vs III), number of lines of previous therapy (1 vs 2 or 3 vs >3),
and previous lenalidomide treatment (yes vs no). All patients
received 28-day cycles of lenalidomide (25 mg orally on days 1-21
of each cycle; 10 mg if creatinine clearance was 30-60 mL/min)
and dexamethasone (40 mg weekly) until disease progression or
unacceptable toxicity. For patients in the D-Rd group, dar-
atumumab (16 mg/kg IV) was administered weekly in cycles 1 and
2, every 2 weeks during cycles 3 through 6, and every 4 weeks
thereafter.

End points and assessments

In both studies, PFS was the primary end point and was defined as
the duration from the date of randomization to the date of disease
progression or death, whichever occurred first. Secondary end
points included overall response rate (ORR), very good partial
response or better (≥VGPR) and MRD-negativity rates, and OS.
Response and disease progression were assessed by a validated
computer algorithm, based on International Myeloma Working
Group criteria.30,31 MRD was assessed using bone marrow aspi-
rate samples and evaluated via a next-generation sequencing
approach using the clonoSEQ assay (version 2.0; Adaptive Bio-
technologies, Seattle, WA). In this analysis, the early-relapse sub-
group included patients with 1 prior line of therapy who progressed
or relapsed <24 months after initiating their first line of therapy; the
late-relapse subgroup included patients with 1 prior line of therapy
who progressed or relapsed ≥24 months after initiating their first
DARATUMUMAB IN PATIENTS WITH EARLY OR LATE RELAPSE 389
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line of therapy. In a second analysis, the early-relapse subgroup
was defined as patients with 1 prior line of therapy who progressed
or relapsed <18 months after initiating their first line of therapy; the
late-relapse subgroup included patients with 1 prior line of therapy
who progressed or relapsed ≥18 months after initiating their first
line of therapy.

Statistical analyses

Statistical methods have been published previously.21,23,28,29 Time-
to-event end points were estimated using the Kaplan-Meier
method. Hazard ratios (HRs), 95% confidence intervals (CIs),
and P values were estimated using a Cox regression model, with
treatment as the sole explanatory variable (stratified according to
study ID for pooled analyses). ORRs and ≥VGPR and ≥CR rates
were compared using the Cochran–Mantel-Haenszel test (strati-
fied according to the study ID for pooled analyses). MRD-negativity
rates were compared using Mantel-Haenszel estimate of the
common odds ratio (stratified according to the study ID for pooled
analyses), with the P value from a Fisher exact test. Data are pre-
sented for both the 24- and 18-month cutoffs defining early vs late
relapse, respectively. Results have been pooled for CASTOR and
POLLUX combined and are also presented for each study
individually.

Results

Patients

A total of 240 and 290 patients from the pooled CASTOR/
POLLUX data set were included in the early-relapse (<24 months)
and late-relapse (≥24 months) subgroups, respectively. Patient
baseline characteristics by relapse subgroup are summarized in
Table 1. Baseline demographics and clinical characteristics for the
pooled CASTOR/POLLUX data set using the 18-month early/late-
relapse cutoff are shown in supplemental Table 1, and patient data
for each individual study are shown in supplemental Table 2
(CASTOR) and supplemental Table 3 (POLLUX). Median time
Table 1. Baseline demographic and clinical characteristics according to

Early relapse (<24 mos)

DARA (n = 125) Control

Age, y

Median (range) 65 (30-89) 65 (

≥75 y, n (%) 17 (13.6) 17 (

ISS staging, n (%)*

I 62 (49.6) 51 (

II 45 (36.0) 43 (

III 18 (14.4) 21 (

Cytogenetic risk, n (%)† (n = 93) (n

Standard 72 (77.4) 72 (

High 21 (22.6) 21 (

Data shown of the pooled CASTOR and POLLUX data set.
The early-relapse subgroup included ITT patients with 1 prior line of therapy who progressed or re

ITT patients with 1 prior line of therapy who progressed or relapsed ≥24 months after initiating t
DARA, daratumumab; ITT, intent-to-treat.
*ISS staging was based on the combination of serum β2-microglobulin and albumin.
†Cytogenetic risk was assessed locally by fluorescence in situ hybridization or karyotype testin
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from initiation of the prior line of therapy to progression/relapse was
similar between treatment arms (D-Vd vs Vd; D-Rd vs Rd) within
the early- and late-relapse groups for the 24-month and 18-month
cutoffs (supplemental Table 4).

Efficacy

Median follow-up in the intent-to-treat population was 72.6 months
(range, 0-79.8 months) for CASTOR and 79.7 months (range, 0-
86.5 months) for POLLUX. In the CASTOR/POLLUX pooled
population, median PFS with daratumumab vs control was 27.9 vs
10.0 months (HR, 0.35; 95% CI, 0.26-0.48; P < .0001) in the
early-relapse subgroup (<24 months) and 51.8 vs 14.4 months
(HR, 0.35; 95% CI, 0.26-0.47; P < .0001) in the late-relapse
subgroup (≥24 months; Figure 1A). Similar PFS benefit with dar-
atumumab vs control was observed when an 18-month cutoff was
used. Median PFS with daratumumab vs control was 26.2 vs
10.3 months (HR, 0.44; 95% CI, 0.30-0.64; P < .0001) in the
early-relapse subgroup (<18 months) and 43.7 vs 11.8 months
(HR, 0.32; 95% CI, 0.25-0.42; P < .0001) in the late-relapse
subgroup (≥18 months; supplemental Figure 1A). In the
CASTOR/POLLUX pooled data set, the median OS with dar-
atumumab vs control was 65.0 vs 38.2 months (HR, 0.62; 95% CI,
0.45-0.86; P = .0036) in the early-relapse subgroup (<24 months)
and NR vs 67.3 months (HR, 0.67; 95% CI, 0.48-0.93; P = .0183)
in the late-relapse subgroup (≥24 months; Figure 1B). OS benefit
with daratumumab vs control was also observed in the early-
relapse (median OS: 47.0 vs 38.6 months, respectively; HR,
0.77; 95% CI, 0.52-1.14; P = .1839) and late-relapse (median OS:
NR vs 59.1 months, respectively; HR, 0.59; 95% CI, 0.44-0.79;
P = .0003) subgroups using the 18-month early-relapse cutoff
(supplemental Figure 1B).

In the pooled CASTOR/POLLUX population, ≥CR rates were
higher with daratumumab vs control in the early-relapse
(<24 months; 46.3% vs 13.6%; P < .0001) and late-relapse
(≥24 months; 57.2% vs 29.8%; P < .0001) subgroups
(Table 2). Rates of ≥VGPR were also higher with daratumumab vs
the relapse subgroup

Late relapse (≥24 mos)

(n = 115) DARA (n = 146) Control (n = 144)

40-85) 64 (34-84) 64 (42-85)

14.8) 8 (5.5) 16 (11.1)

44.3) 73 (50.0) 81 (56.3)

37.4) 45 (30.8) 42 (29.2)

18.3) 28 (19.2) 21 (14.6)

= 93) (n = 116) (n = 96)

77.4) 94 (81.0) 85 (88.5)

22.6) 22 (19.0) 11 (11.5)

lapsed <24 months after initiating their first line of therapy; the late-relapse subgroup included
heir first line of therapy.

g; high risk was defined as the presence of t(4;14), t(14;16), or del17p.
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Figure 1.
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Table 2. Response rates and MRD-negativity rates according to the relapse subgroup

Early relapse (<24 mos) Late relapse (≥24 mos)

DARA Control P DARA Control P

Response, n (%)*

Patients evaluated, n 121 110 145 141

ORR 110 (90.9) 81 (73.6) .0004† 136 (93.8) 114 (80.9) .0010‡

≥CR 56 (46.3) 15 (13.6) <.0001† 83 (57.2) 42 (29.8) <.0001†

sCR 20 (16.5) 2 (1.8) 44 (30.3) 21 (14.9)

CR 36 (29.8) 13 (11.8) 39 (26.9) 21 (14.9)

≥VGPR 94 (77.7) 43 (39.1) <.0001† 114 (78.6) 83 (58.9) .0003†

VGPR 38 (31.4) 28 (25.5) 31 (21.4) 41 (29.1)

PR 16 (13.2) 38 (34.5) 22 (15.2) 31 (22.0)

MR 3 (2.5) 10 (9.1) 2 (1.4) 7 (5.0)

SD 4 (3.3) 15 (13.6) 6 (4.1) 18 (12.8)

PD 4 (3.3) 3 (2.7) 0 2 (1.4)

NE 0 1 (0.9) 1 (0.7) 0

MRD (10−5) ‡

Patients evaluated, n 125 115 146 144

MRD negative, n (%) 28 (22.4) 3 (2.6) <.0001§ 46 (31.5) 15 (10.4) <.0001§

Data shown of the pooled CASTOR and POLLUX data set.
The early-relapse subgroup included patients with 1 prior line of therapy who progressed or relapsed <24 months after initiating their first line of therapy; the late-relapse subgroup included

patients with 1 prior line of therapy who progressed or relapsed ≥24 months after initiating their first line of therapy.
DARA, daratumumab; ITT, intent-to-treat; MR, minimal response; NE, not evaluable; PD, progressive disease; PR, partial response; sCR, stringent complete response; SD, stable disease.
*Response-evaluable population with 1 prior line of therapy. The response-evaluable population was defined as patients with a confirmed diagnosis of MM and measurable disease at the

baseline or screening visit who received ≥1 administration of study treatment and had ≥1 postbaseline disease assessment.
†P value was calculated using the Cochran-Mantel-Haenszel χ2 test stratified based on study ID.
‡ITT population with 1 prior line of therapy.
§P value was calculated using the Fisher exact test.
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control in the early-relapse (77.7% vs 39.1%; P < .0001) and late-
relapse (78.6% vs 58.9%; P = .0003) subgroups. MRD-negativity
rates (10−5 sensitivity) were higher with daratumumab vs control,
regardless of relapse timing (early [<24 months], 22.4% vs 2.6%
[P <.0001]; late [≥24 months], 31.5% vs 10.4% [P < .0001];
Table 2). Rates of ≥CR, ≥VGPR, and MRD negativity (10−5

sensitivity) were also higher with daratumumab vs control in the
early-relapse and late-relapse subgroups when the 18-month cutoff
was used to define early relapse (supplemental Table 5).

In the CASTOR study, median PFS with D-Vd vs Vd was 21.2 vs
7.3 months (HR, 0.32; 95% CI, 0.19-0.54; P < .0001) in the early-
relapse subgroup (<24 months), and 33.2 vs 8.0 months (HR,
0.20; 95% CI, 0.13-0.30; P < .0001) in the late-relapse subgroup
(≥24 months; Figure 2). Rates of ≥CR, ≥VGPR, and MRD nega-
tivity (10−5 sensitivity) were higher with D-Vd vs Vd in both the
early-relapse (<24 months) and late-relapse (≥24 months) sub-
groups (Table 3). The efficacy with D-Vd vs Vd using the 18-month
early-relapse cutoff was generally similar to that observed using
the 24-month early-relapse cutoff (supplemental Figure 2;
supplemental Table 6).
Figure 1. Pooled progression free and overall survival based on the 24 month cut

the pooled CASTOR/POLLUX population. Kaplan-Meier plots of PFS and OS in patients w

line of therapy. The early-relapse subgroup included intent-to-treat (ITT) patients with 1 prior

therapy; the late-relapse subgroup included ITT patients with 1 prior line of therapy who p

daratumumab.
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In the POLLUX study, the median PFS with D-Rd vs Rd was 43.7
vs 11.8 months (HR, 0.37; 95% CI, 0.25-0.55; P < .0001) in the
early-relapse subgroup (<24 months) and 66.0 vs 35.5 months
(HR, 0.64; 95% CI, 0.42-0.97; P = .0351) in the late-relapse
subgroup (≥24 months; Figure 3). Rates of ≥CR, ≥VGPR, and
MRD negativity (10−5 sensitivity) were higher with D-Rd vs Rd in
both the early-relapse (<24 months) and late-relapse (≥24 months)
subgroups (Table 3). Efficacy with D-Rd vs Rd using the 18-month
early-relapse cutoff was generally consistent with that observed
using the 24-month early-relapse cutoff (supplemental Figure 3;
supplemental Table 6).

Discussion

Functional high-risk MM is becoming an increasingly more recog-
nized subgroup of MM that is associated with poor outcomes. In a
retrospective study of patients with MM treated with novel thera-
pies (immunomodulatory drugs and proteasome inhibitors) at the
Mayo Clinic between 2006 and 2014, the median OS was
significantly shorter for patients with early relapse (within
12 months of starting initial therapy) vs for those with late relapse
-off. PFS (A) and OS (B) according to the relapse subgroup (<24 and ≥24 months) in

ith 1 prior line of therapy who progressed or relapsed early or late after initiation of first

line of therapy who progressed or relapsed <24 months after initiating their first line of

rogressed or relapsed ≥24 months after initiating their first line of therapy. DARA,

23 JANUARY 2024 • VOLUME 8, NUMBER 2



Months

Early relapse:
HR, 0.32; 95% CI, 0.19-0.54; P .0001
Late relapse:
HR, 0.20; 95% CI, 0.13-0.30; P .0001

%
 S

ur
viv

ing
 w

ith
ou

t p
ro

gr
es

sio
n

20

40

60

80

100

0
0 6 12 18 4224 30 36 48 54 60 8466 72

No. at risk

Vd late relapse

D-Vd late relapse

Vd early relapse

D-Vd early relapse

78

Vd late relapse 75 47 16 8 27 5 3 0 0 0 00 0 0
D-Vd late relapse 72 68 58 49 2742 36 32 22 21 20 019 12 2
Vd early relapse 38 22 6 3 01 1 1 0 0 0 00 0 0

D-Vd early relapse 50 36 31 27 821 12 9 8 7 7 06 3 0
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their first line of therapy; the late-relapse subgroup included ITT patients with 1 prior line of therapy who progressed or relapsed ≥24 months after initiating their first line of therapy.
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(21.0 months vs NR; P < .001).3 Outcomes were also evaluated in
patients with early relapse after early autologous stem cell trans-
plant (ASCT); the median OS from ASCT for patients relapsing
within 12 months was 23.1 months compared with 122.2 months
for the remaining patients (P < .001).3 Similarly, real-world data
from a myeloma registry showed that median OS was markedly
inferior for patients with early progression (within 12 months of
commencing firstline therapy) vs those without early progression
(20.2 vs 60.7 months; P < .001).5 These data highlight the need for
effective therapies for this subgroup of patients with functional
high-risk MM who relapse early after initial therapy.

Considering the poor prognosis of patients with functional high-risk
MM, early identification of patients at risk of early relapse is crucial.
In this post hoc analysis, few patients in the early-relapse subgroup
(<24 months; Table 1) presented with high-risk cytogenetic factors
(daratumumab, 22.6%; control, 22.6%) or ISS stage III disease
(daratumumab, 14.4%; control,18.3%). Because only a subset of
patients receive a second line of therapy and qualify for a clinical
study, these patients may reflect the subgroup with higher risk
disease. These results support the need for a broader definition of
high-risk disease or stratification based on functional high-risk
status in future studies.

This post hoc analysis evaluated the efficacy of daratumumab-
containing regimens in the CASTOR and POLLUX studies in
patient subgroups based on timing of progression or relapse
23 JANUARY 2024 • VOLUME 8, NUMBER 2
(early or late) after initiation of the first line of therapy. Because
of the limited number of patients who relapsed before
12 months, early relapse for this analysis was defined as patients
with 1 prior line of therapy who progressed or relapsed
<24 months (primary analysis) or <18 months (secondary
analysis) after initiating their first line of therapy. Extending the
cutoff for the early-relapse definition from <18 months to
<24 months increases the sample size of the early-relapse
group, providing greater statistical power to show differentia-
tion between treatment groups. At a median follow-up of >6
years, PFS consistently favored the daratumumab-containing
regimens across both the early- and late-relapse subgroups
(24-month and 18-month cutoffs) in the pooled CASTOR/
POLLUX population and for each study individually. In the
CASTOR/POLLUX pooled data set, daratumumab reduced the
risk of disease progression or death by 65% (HR, 0.35; 95% CI,
0.26-0.48; P < .0001) in the early-relapse (<24 months) sub-
group and by 65% (HR, 0.35; 95% CI, 0.26-0.47; P < .0001) in
the late-relapse (≥24 months) subgroup. Interestingly, the PFS
benefit with daratumumab vs control was similar between the
early- and late-relapse subgroups for the pooled analysis but
was more pronounced with D-Vd vs Vd in the late-relapse sub-
group in CASTOR and more pronounced with D-Rd vs Rd in the
early-relapse subgroup in POLLUX. Small patient subgroups,
particularly the CASTOR early-relapse subgroups, may limit the
interpretation of results.
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Table 3. Response rates and MRD-negativity rates according to the relapse subgroup in CASTOR and POLLUX

CASTOR

Early relapse (<24 mos) Late relapse (≥24 mos)

D-Vd Vd P D-Vd Vd P

Response, n (%)*

Patients evaluated, n 47 36 72 73

ORR 39 (83.0) 26 (72.2) .2415† 70 (97.2) 55 (75.3) .0001†

≥CR 13 (27.7) 4 (11.1) .0657† 39 (54.2) 12 (16.4) <.0001†

sCR 2 (4.3) 0 16 (22.2) 5 (6.8)

CR 11 (23.4) 4 (11.1) 23 (31.9) 7 (9.6)

≥VGPR 31 (66.0) 12 (33.3) .0034† 60 (83.3) 34 (46.6) <.0001†

VGPR 18 (38.3) 8 (22.2) 21 (29.2) 22 (30.1)

PR 8 (17.0) 14 (38.9) 10 (13.9) 21 (28.8)

MR 2 (4.3) 2 (5.6) 1 (1.4) 6 (8.2)

SD 2 (4.3) 7 (19.4) 1 (1.4) 10 (13.7)

PD 4 (8.5) 1 (2.8) 0 2 (2.7)

NE 0 0 0 0

MRD (10
−5)‡

Patients evaluated, n 50 38 72 75

MRD negative, n (%) 5 (10.0) 0 .0669§ 20 (27.8) 3 (4.0) <.0001§

POLLUX

Early relapse (<24 mos) Late relapse (≥24 mos)

D-Rd Rd P D-Rd Rd P

Response, n (%)*

Patients evaluated, n 74 74 73 68

ORR 71 (95.9) 55 (74.3) .0002† 66 (90.4) 59 (86.8) .4967†

≥CR 43 (58.1) 11 (14.9) <.0001† 44 (60.3) 30 (44.1) .0558†

sCR 18 (24.3) 2 (2.7) 28 (38.4) 16 (23.5)

CR 25 (33.8) 9 (12.2) 16 (21.9) 14 (20.6)

≥VGPR 63 (85.1) 31 (41.9) <.0001‡ 54 (74.0) 49 (72.1) .7987‡

VGPR 20 (27.0) 20 (27.0) 10 (13.7) 19 (27.9)

PR 8 (10.8) 24 (32.4) 12 (16.4) 10 (14.7)

MR 1 (1.4) 8 (10.8) 1 (1.4) 1 (1.5)

SD 2 (2.7) 8 (10.8) 5 (6.8) 8 (11.8)

PD 0 2 (2.7) 0 0

NE 0 1 (1.4) 1 (1.4) 0

MRD (10−5)‡

Patients evaluated, n 75 77 74 69

MRD negative, n (%) 23 (30.7) 3 (3.9) <.0001§ 26 (35.1) 12 (17.4) .0225§

The early-relapse subgroup included patients with 1 prior line of therapy who progressed or relapsed <24 months after initiating their first line of therapy; the late-relapse subgroup included
patients with 1 prior line of therapy who progressed or relapsed ≥24 months after initiating their first line of therapy.
ITT, intent-to-treat; MR, minimal response; NE, not evaluable; PD, progressive disease; PR, partial response; sCR, stringent complete response; SD, stable disease.
*Response-evaluable population with 1 prior line of therapy. The response-evaluable population was defined as patients with a confirmed diagnosis of MM and measurable disease at the

baseline or screening visit who received ≥1 administration of study treatment and had ≥1 postbaseline disease assessment.
†P value was calculated using the Cochran-Mantel-Haenszel χ2 test.
‡ITT population with 1 prior line of therapy.
§P value was calculated using the Fisher exact test.
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In the pooled analysis and for CASTOR and POLLUX alone, rates
of ≥CR and MRD negativity were higher with the daratumumab-
containing regimens vs control, regardless of relapse timing. OS
favored the daratumumab-containing regimens in both the early
394 SPENCER et al
and late-relapse subgroups in the pooled CASTOR/POLLUX
population using the 24-month cutoff to define early progression or
relapse; however, the difference in OS was not as pronounced
between daratumumab and control for the early-relapse subgroup
23 JANUARY 2024 • VOLUME 8, NUMBER 2
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Figure 3. PFS by relapse subgroup (<24 and ≥24 months) in POLLUX. Kaplan-Meier plot of PFS in patients with 1 prior line of therapy who progressed or relapsed early or

late after initiation of first line of therapy. The early-relapse subgroup included ITT patients with 1 prior line of therapy who progressed or relapsed <24 months after initiating their

first line of therapy; the late-relapse subgroup included ITT patients with 1 prior line of therapy who progressed or relapsed ≥24 months after initiating their first line of therapy.
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defined using the 18-month cutoff. Significant challenges are
associated with the interpretation of OS data from this subgroup
analysis and should be considered. There was low statistical power
for OS analyses after dividing patients into small subgroups
because of the relatively low number of OS events overall in each
study. Therefore, OS data for the early-relapse and late-relapse
subgroups are only reported for the CASTOR/POLLUX pooled
population and not for each study individually.

A similar subgroup analysis of the phase 3 CANDOR study of
daratumumab plus carfilzomib and dexamethasone (D-Kd) vs Kd
alone for patients with RRMM based on the timing of relapse (early
vs late) was previously conducted.32 Among patients in CANDOR
who had received 1 prior line of therapy, ORR and ≥CR rates were
higher in the D-Kd group than in the Kd group, regardless of
relapse status (with early relapse defined as relapse <18 months
after the first line of therapy), and PFS results also favored the D-Kd
group, regardless of relapse status.32 A subgroup analysis of the
phase 3 IKEMA study of isatuximab plus Kd (Isa-Kd) vs Kd alone
was conducted for patients with RRMM who experienced early vs
late relapse, with early relapse defined as relapse <12 months from
initiation of the most recent line of therapy for patients with ≥2 prior
lines, relapse <18 months for patients with 1 prior line, or relapse
<12 months from ASCT.33 In patients with either early or late
relapse, Isa-Kd improved PFS and depth of response vs Kd alone.
Two multicohort phase 2 studies are also evaluating chimeric
antigen receptor T-cell therapy for patients with MM and early
23 JANUARY 2024 • VOLUME 8, NUMBER 2
relapse after initial therapy. In cohort B of the phase 2
CARTITUDE-2 study, patients with 1 prior line of therapy (including
a proteasome inhibitor and immunomodulatory drug) who had early
progression (≤12 months after ASCT or ≤12 months after start of
antimyeloma therapy for patients who did not undergo ASCT)
achieved deep and durable responses with ciltacabtagene auto-
leucel, with an 18-month PFS rate of 83%.34 In cohort 2a of the
phase 2 KarMMa-2 study, idecabtagene vicleucel demonstrated
frequent, deep responses and a median PFS of 11.4 months in
patients with MM who experienced early relapse, defined as dis-
ease progression within 18 months of initiation of frontline treat-
ment that included induction, ASCT, and lenalidomide-based
maintenance therapy.35

Because many of the patients in CASTOR and POLLUX likely
received a proteasome inhibitor for a fixed duration as part of their
frontline therapy, patients who progressed or relapsed within the
shorter time frame (<18 months) were more likely to exhibit some
degree of proteasome inhibitor resistance than those who pro-
gressed or relapsed within the longer time frame (<24 months).
Although the sample size was small for the early-relapse
(<18 months) subgroup, the data from our analyses may suggest
that, for patients who progressed or relapsed earlier (sooner after
prior bortezomib exposure), secondline D-Rd may be the preferred
treatment option for selected patients. Results from a secondary
analysis of the ALLG MM21 study showed that patients with
NDMM who were eligible for transplantation with suboptimal
DARATUMUMAB IN PATIENTS WITH EARLY OR LATE RELAPSE 395
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response or primary refractoriness to bortezomib induction who
were switched to pre-ASCT D-Rd induction followed by post-
ASCT D-Rd consolidation achieved substantial disease control.36

Furthermore, our finding that PFS with Vd was similar for patients
with early relapse and late relapse further supports the possible
role of proteasome inhibitor resistance and could be interpreted to
indicate that Vd is not an appropriate secondline therapy for many
patients in this setting. Thus, the data from our post hoc analyses
could have implications on subsequent treatment selection based
on the timing of progression or relapse.

Clinical data show that receipt of frontline daratumumab is impor-
tant to maximize the duration of response to treatment. Results
from the phase 3 ALCYONE and MAIA studies demonstrate
significantly prolonged OS and PFS with the addition of dar-
atumumab to standard-of-care regimens vs standard of care alone
for transplant-ineligible patients with NDMM.18,20 Patients who do
not receive frontline daratumumab and relapse after initial therapy
can be salvaged with daratumumab-based regimens. As dis-
cussed, in CASTOR and POLLUX, D-Vd or D-Rd prolonged PFS,
regardless of cytogenetic risk, and achieved higher rates of ≥CR
and MRD negativity vs Vd or Rd alone for patients with RRMM.21,23

In CASTOR, the most pronounced PFS and OS benefit with D-Vd
vs Vd was in patients with 1 prior line of therapy.21,22 In POLLUX,
when analyzed based on the number of prior lines of therapy,
patients with 1 prior line of therapy had the longest median PFS
and OS.23,24 Moreover, with extended follow-up, no new safety
concerns outside of the known safety profile of daratumumab have
been observed.21-24

The current post hoc subgroup analyses showed PFS, OS, and
depth of response benefits of daratumumab-containing regimens
for patients with 1 prior line of therapy, regardless of progression/
relapse timing (early or late), supporting the use of D-Vd and D-Rd
for patients with RRMM, including those considered to have
functional high-risk disease. However, even with the addition of
daratumumab, patients with early relapse still have inferior out-
comes compared with those who experience late relapse, which
may provide rationale to add other agents to D-Vd or D-Rd using
daratumumab as a backbone to further improve patient outcomes.
It is also important to note that many patients with MM may not
receive secondline therapy37,38 and that waiting until progression
or relapse (whether early or late) to use daratumumab may not
always lead to a significant survival benefit.

In summary, patients with functional high-risk MM who relapse early
after initial therapy have poor outcomes, representing an unmet
therapeutic need. At a median follow-up of >6 years, the results from
these post hoc analyses showed PFS and depth of response ben-
efits of daratumumab-containing regimens vs control for patients
with 1 prior line of therapy, regardless of progression/relapse timing
(early or late). Moreover, OS favored the daratumumab-containing
regimens in both the early and late-relapse subgroups in the
pooled CASTOR/POLLUX population. These results, combined
with previous subgroup analyses of CASTOR and POLLUX,21,23

show that daratumumab-containing regimens maintain consistent
clinical benefits for patients with high-risk RRMM, as defined either
by cytogenetics or by early progression/relapse. Although dar-
atumumab is unable to fully overcome the adverse prognosis of early
relapse, our results support the use of D-Vd and D-Rd for patients
with RRMM and 1 prior line of therapy, including for patients who
396 SPENCER et al
progress or relapse early after initial therapy and are considered to
have functional high-risk disease.
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