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abstract

PURPOSE In relapsed and/or refractory multiple myeloma, daratumumab reduced the risk of progression
or death by . 60% in POLLUX (daratumumab/lenalidomide/dexamethasone [D-Rd]) and CASTOR
(daratumumab/bortezomib/dexamethasone [D-Vd]). Minimal residual disease (MRD) is a sensitive measure of
disease control. Sustained MRD negativity and outcomes were evaluated in these studies.

METHODS MRD was assessed via next-generation sequencing (1025) at suspected complete response (CR), 3
and 6 months following confirmed CR (POLLUX), 6 and 12 months following the first dose (CASTOR), and every
12 months post-CR in both studies. Sustained MRD negativity ($ 6 or $ 12 months) was evaluated in the
intention-to-treat (ITT) and $ CR populations.

RESULTS The median follow-up was 54.8 months in POLLUX and 50.2 months in CASTOR. In the ITT pop-
ulation, MRD-negativity rates were 32.5% versus 6.7% for D-Rd versus lenalidomide and dexamethasone (Rd)
and 15.1% versus 1.6% for D-Vd versus bortezomib and dexamethasone (Vd; both P , .0001). Higher MRD
negativity rates were achieved in$ CR patients in POLLUX (D-Rd, 57.4%; Rd, 29.2%; P5 .0001) and CASTOR
(D-Vd, 52.8%; Vd, 17.4%; P 5 .0035). More patients in the ITT population achieved sustained MRD
negativity $ 6 months with D-Rd versus Rd (20.3% v 2.1%; P , .0001) and D-Vd versus Vd (10.4% v 1.2%;
P , .0001), and $ 12 months with D-Rd versus Rd (16.1% v 1.4%; P , .0001) and D-Vd versus Vd (6.8% v
0%). Similar results for sustained MRD negativity were observed among $ CR patients. More patients in the
daratumumab-containing arms achieved MRD negativity and sustained MRD negativity, which were associated
with prolonged progression-free survival.

CONCLUSION Daratumumab-based combinations induce higher rates of sustained MRD negativity versus
standard of care, which are associated with durable remissions and prolonged clinical outcomes.
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INTRODUCTION

Despite high response rates achieved in recent years
in patients with multiple myeloma (MM) treated with
combination therapies, most patients relapse and
require subsequent therapy.1 Therefore, assays with
greater precision and sensitivity that provide a more
accurate assessment of disease state and the likeli-
hood of relapse are needed.2

Detection of minimal residual disease (MRD) is
emerging as an important tool to evaluate therapeutic
efficacy in MM.3-5 Multiple analyses have demonstrated

that MRD negativity is associated with prolonged
progression-free survival (PFS) and overall survival (OS) in
patients with newly diagnosed MM (NDMM).3,4,6 MRD is
being investigated as a potential surrogate for established
clinical end points, including PFS and OS, in MM.1,3,4,7

The International Myeloma Working Group (IMWG) has
published guidelines for the uniform assessment and
reporting of MRD negativity in MM.1 The guidelines
recommend an MRD sensitivity threshold of at least 1025

(one tumor cell in 100,000 normal cells) using next-
generation sequencing (NGS) or next-generation flow
cytometry.1Whenmeasured sequentially, sustainedMRD
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negativity provides an index of deep clinical responses thatmay
enable a more robust assessment of disease control.1 Per
IMWG criteria, sustained MRD negativity is a negative MRD
result in bone marrow, confirmed $ 1 year apart.1 To date,
sustained MRD negativity has not been prospectively reported
in any large relapsed and/or refractory MM (RRMM) studies,
and identifying therapies and regimens that drive sustained
MRD negativity and how this affects long-term outcomes is of
great clinical importance.

Daratumumab is a human immunoglobulin Gkmonoclonal
antibody targeting CD38 that has a direct on-tumor and
immunomodulatory mechanism of action.8-14 Daratumu-
mab is approved as monotherapy and in combination with
standard-of-care regimens (bortezomib and dexametha-
sone [Vd], lenalidomide and dexamethasone [Rd], carfil-
zomib and dexamethasone, and pomalidomide and
dexamethasone) for treatment of RRMM in many coun-
tries.15 Daratumumab is also approved in combination with
Rd; with bortezomib, thalidomide, and dexamethasone;
and with bortezomib, melphalan, and prednisone for
treatment of NDMM.15

In the primary analyses of two randomized, controlled, phase III
trials in patients with RRMM who received $ 1 prior line of
therapy, daratumumab showed a significant clinical benefit
when added to standard-of-care regimens Rd (POLLUX;
daratumumab/lenalidomide/dexamethasone [D-Rd] v
Rd; median follow-up, 13.5 months) and Vd (CASTOR;
daratumumab/bortezomib/dexamethasone [D-Vd] v Vd;
median follow-up, 7.4 months).16,17 In POLLUX and CASTOR,
after longer follow-up (median, 25.4 and 19.4 months,
respectively), daratumumab-based therapies reduced the
risk of disease progression or death by $ 59%.18,19 Re-
sponses deepened with longer follow-up in both studies,
resulting in higher complete response or better ($ CR) rates

versus the control arms in POLLUX (51.2% v 21.0%;
P , .0001) and CASTOR (28.8% v 9.8%; P , .0001).18,19

Assessment of MRD using NGS was a prespecified sec-
ondary end point in both studies (using clonoSEQ v.1.3;
Adaptive Biotechnologies, Seattle, WA). Daratumumab
combination therapy led to higher MRD negativity (1025)
rates (POLLUX: 26.2% v 6.4%, P , .0001; CASTOR:
11.6% v 2.4%, P , .0001) after the median follow-up of
25.4 and 19.4 months, respectively.18,19 Regardless of
treatment group, patients achieving MRD negativity dem-
onstrated prolonged PFS compared with MRD-positive
patients.18,19

POLLUX and CASTOR are ongoing studies; these
studies represent the largest set of MRD data pro-
spectively collected among patients with RRMM. Until
this analysis, the prognostic value of MRD in RRMM had
not yet been evaluated. To our knowledge, this is the first
report to assess whether MRD-negative status and
sustained MRD negativity in RRMM may serve as a
predictive and prognostic end point for clinical out-
comes in the relapsed and/or refractory disease setting.
Moreover, we evaluated the degree to which MRD
negativity could be sustained with daratumumab plus
standard-of-care regimens for RRMM, using clinical
data after an extended follow-up period of approximately
4 years.

METHODS

Trial Design and Oversight

POLLUX (ClinicalTrials.gov identifier: NCT02076009)17 and
CASTOR (ClinicalTrials.gov identifier: NCT02136134)16 are
randomized, open-label, multicenter, phase III studies
conducted in patients with RRMM (study designs have been

CONTEXT

Key Objective
Can minimal residual disease (MRD)–negative status and sustained MRD negativity in relapsed and/or refractory multiple

myeloma (RRMM) serve as a predictive and prognostic end point for clinical outcomes? We conducted an exploratory
analysis using the POLLUX and CASTOR studies, which represent the largest set of MRD data prospectively collected
among patients with RRMM.

Knowledge Generated
Patients who achieved MRD-negative status had improved progression-free survival (PFS) compared with MRD-positive

patients, and sustained MRD negativity was associated with improved PFS compared with patients who obtained MRD-
negative status but did not maintain MRD durability.

The benefit of MRD negativity and durability occurred regardless of therapy, but daratumumab-based regimens enabled
many patients with RRMM to attain deep and sustained MRD-negative responses, resulting in longer periods without
disease progression.

Relevance
Achieving durable MRD negativity may predict long-term outcomes, as durable MRD negativity improves PFS and increases

the time between treatment relapses for RRMM.
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published previously).16,17 Eligible patients in both studies
had progressive disease per IMWGcriteria20,21 during or after
receipt of their last regimen, received $ 1 prior line of
therapy, and had a partial response or better to$ 1 line of
previous therapy.16,17 Patients refractory to lenalidomide
were ineligible for POLLUX, and patients refractory to
bortezomib or another proteasome inhibitor were ineli-
gible for CASTOR.16,17 Trials were approved by inde-
pendent ethics committees or institutional review boards
at each site. Patients provided written informed consent,
and trials were conducted in accordance with the
principles of the Declaration of Helsinki and current
International Conference on Harmonisation Good Clini-
cal Practice guidelines.

Random Assignment and Study Treatment

Patients were randomly assigned (1:1) in POLLUX to D-Rd
or Rd and in CASTOR to D-Vd or Vd. Treatment regimen
descriptions are given in the Data Supplement (online
only).

End Points and Assessments

In both studies, PFS was the primary efficacy end point.
Tumor response and disease progression assessments
were conducted using a central laboratory and a vali-
dated computer algorithm in accordance with IMWG
response criteria. In the absence of central laboratory
results, local laboratories could be used for confirmatory
evaluations.

In accordance with the IMWG criteria, MRD was
assessed at the time of suspected CR, 3 and 6 months
following confirmed CR in POLLUX, and at the time of
suspected CR and at 6 and 12 months following the first
treatment dose in CASTOR (at the end and 6 months
after the end of Vd background therapy, respectively).
Additional MRD evaluation was required every
12 months post-CR in both studies (see the Data
Supplement). MRD was assessed using bone marrow
aspirate samples and evaluated via NGS using the
clonoSEQ assay (v.2.0). Detailed methods are presented
in the clonoSEQ assay technical information.22

Sustained MRD negativity was defined as the mainte-
nance of MRD negativity in bone marrow confirmed $ 6
or $ 12 months apart and was evaluated in the
intention-to-treat (ITT) population. Sustained MRD
negativity was evaluated in patients who achieved $ CR
to account for different sustained MRD negativity rates
between treatment arms.

Statistical Analysis

Statistical methods supporting the sample sizes were
described previously.16,17 PFS was compared between
groups based on a stratified log-rank test. Hazard ratios
(HRs) and 95% CIs were estimated using a Cox regression
model with treatment as the sole explanatory variable,
stratified by International Staging System (ISS; I, II, or III),

number of prior lines of therapy (1 v 2 or 3 v. 3), and prior
bortezomib (CASTOR) or lenalidomide (POLLUX) treat-
ment (no v yes). MRD negativity rate was defined as the
proportion of patients with negative MRD results at any
time during treatment. A minimum cell input equivalent to
the given sensitivity threshold was required to determine
MRD negativity (eg, MRD at 1025 required that$ 100,000
cells were evaluated). If MRD negativity was not achieved,
a patient was considered MRD positive. This study fo-
cused on a sensitivity threshold of 1025 for sustained MRD
negativity based on the IMWG criteria,1 but thresholds of
1024 and 1026 were also evaluated. MRD negativity rates
were compared using Fisher’s exact test, and the chi-
square estimate of the common odds ratio was provided.

In post hoc analyses of PFS and MRD status by response
category among patients pooled from both studies and the
daratumumab treatment arms (D-Rd and D-Vd) versus
control arms (Rd and Vd), PFS was evaluated and a two-
sided P value was presented. Additional methods are
presented in the Data Supplement.

RESULTS

Patients

In total, 569 (D-Rd, n 5 286; Rd, n 5 283) patients in
POLLUX and 498 (D-Vd, n5 251; Vd, n5 247) patients in
CASTOR were randomly assigned to the daratumumab and
control groups, respectively (Data Supplement). Patient
baseline demographics and clinical characteristics were
published previously and were generally well balanced.16,17

At clinical cutoff (August 26, 2019 for POLLUX; August 14,
2019 for CASTOR), the median duration of follow-up was
54.8 months (range, 0.0-61.9) in POLLUX and
50.2 months (range, 0.0-58.6) in CASTOR.

MRD Negativity and Durability

Daratumumab-based regimens induced a$ 4-fold higher
MRD negativity rate (1025) compared with control regi-
mens in the ITT populations of both studies (POLLUX:
D-Rd, 32.5% v Rd, 6.7%, P , .000001; CASTOR: D-Vd,
15.1% v Vd, 1.6%, P , .000001; Table 1). MRD nega-
tivity rates were also higher for the daratumumab-based
regimens among patients achieving$ CR (D-Rd, 57.4% v
Rd, 29.2%, P 5 .0001; D-Vd, 52.8% v Vd, 17.4%, P 5
.0035; Table 1). The overall numbers of patients
achieving MRD negativity were higher in POLLUX com-
pared with CASTOR.

For patients with MRD-negative (1025) status, durability of
this response was assessed. In each study, a higher pro-
portion of patients in the ITT population achieved sustained
MRD negativity for $ 6 months when treated with dar-
atumumab (POLLUX: D-Rd, 20.3% vRd, 2.1%, P, .0001;
CASTOR: D-Vd, 10.4% v Vd, 1.2%, P , .0001; Table 1).
Only six patients in the Rd arm and three in the Vd arm had
prolonged MRD negativity for$ 6 months. Among patients
who achieved $ CR, the proportion with sustained MRD
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negativity for $ 6 months remained higher for those treated
with daratumumab (POLLUX: D-Rd, 35.8% v Rd, 9.2%,
P, .0001; CASTOR: D-Vd, 36.1% v Vd, 13.0%, P5 .0404;
Table 1). Similarly, a higher proportion of patients achieved
sustainedMRDnegativity for$ 12monthswhen treated with
daratumumab (POLLUX: D-Rd, 16.1% v Rd, 1.4%,
P , .0001; CASTOR: D-Vd, 6.8% v Vd, 0, P , .0001;
Table 1) in the ITT population and among patients with CR or
better (POLLUX, D-Rd, 28.4% v Rd, 6.2%, P 5 .0001;
CASTOR: D-Vd, 23.6% v Vd, 0%, P 5 .0098).

Baseline demographics and clinical characteristics among
daratumumab-treated patients with durable MRD negativity
$ 12months and not$ 12months in POLLUX and CASTOR
are summarized in the Data Supplement. Overall, because
only four patients in the Rd arm of POLLUX and no patients
in the Vd arm of CASTOR had durable MRD responses
$ 12 months, identifying baseline features associated with
these responses was not feasible. In both studies, the relative
proportions of daratumumab-treated patients with sustained
MRD negativity were generally similar within the demo-
graphic characteristics of age, sex, race, Eastern Cooperative
Oncology Group performance status, type of disease, and
ISS staging compared with baseline (Data Supplement). In
POLLUX and CASTOR, fewer daratumumab-treated patients
with durable MRD negativity lasting $ 12 months had high
cytogenetic risk compared with standard cytogenetic risk
(POLLUX, 8.8% v 91.2%, respectively; CASTOR, 33.3% v
66.7%; Data Supplement).

PFS and MRD Negativity

In the ITT populations of POLLUX and CASTOR, patients
who achieved MRD negativity (1025) had a lower risk of
disease progression or death compared with MRD-positive

patients (Fig. 1), consistent with previous findings based on
shorter follow-up.18,19 In both studies, daratumumab-based
regimens were associated with longer PFS for both MRD-
negative and MRD-positive patients compared with the
standard-of-care groups (Data Supplement).

In POLLUX and CASTOR, PFS was prolonged in patients
who achieved sustained MRD negativity $ 6 months
compared with MRD-positive patients regardless of treat-
ment arm (Fig. 2). Consistent with these findings,
achievement of sustained MRD negativity for$ 12 months
demonstrated prolonged PFS for daratumumab-containing
regimens versus MRD-positive patients in POLLUX and
CASTOR (Fig. 3).

In a combined analysis of daratumumab-containing regi-
mens (D-Rd and D-Vd; n5 537) versus standard of care (Rd
and Vd; n 5 530), patients who achieved MRD negativity
(1025) had prolonged PFS compared with MRD-positive
patients (Data Supplement). PFS was also prolonged in
patients with durable MRD negativity lasting $ 6 months
or$ 12months compared with patients who did not achieve
sustained MRD negativity (Data Supplement).

In POLLUX andCASTOR, themedian time to next therapywas
longer for the daratumumab-containing groups versus the
control groups among patients whowereMRD-negative at any
time prior to starting next therapy (Table 2). Patients who were
MRD-positive had the shortest median times to subsequent
anticancer therapy (TTSAT) and the lowest 48-month TTSAT
rates (Table 2). Median TTSAT was improved for patients who
achieved sustained MRD negativity $ 6 months and
$ 12 months, with these groups showing the highest
48-month TTSAT rates (Table 2). For patients whowereMRD-
negative at any time before initiating subsequent anticancer

TABLE 1. Rates of Sustained MRD Negativity Status

MRD Negativity (1025)

POLLUX CASTOR

D-Rd (n 5 286) Rd (n 5 283) P a D-Vd (n 5 251) Vd (n 5 247) P a

ITT 93 (32.5%) 19 (6.7%) , .000001 38 (15.1%) 4 (1.6%) , .000001

$ 6 months sustainedb 58 (20.3%) 6 (2.1%) , .0001 26 (10.4%) 3 (1.2%) , .0001

$ 12 months sustainedc 46 (16.1%) 4 (1.4%) , .0001 17 (6.8%) 0 (0.0%) , .0001

$ CRd

No. of evaluable 162 65 72 23

Rate 93 (57.4%) 19 (29.2%) .0001 38 (52.8%) 4 (17.4%) .0035

$ 6 months sustainedb 58 (35.8%) 6 (9.2%) , .0001 26 (36.1%) 3 (13.0%) .0404

$ 12 months sustainedc 46 (28.4%) 4 (6.2%) .0001 17 (23.6%) 0 (0.0%) .0098

NOTE. Data are n (%) or n.
Abbreviations:$ CR, complete response or better; D-Rd, daratumumab plus lenalidomide and dexamethasone; D-Vd, daratumumab plus bortezomib and

dexamethasone; ITT, intention-to-treat; MRD, minimal residual disease; Rd, lenalidomide and dexamethasone; Vd, bortezomib and dexamethasone.
aP value was calculated with the use of Fisherʼs exact test.
bSustained MRD negative is defined as MRD negative and confirmed by $ 6 months apart without MRD positive in between.
cSustained MRD negative is defined as MRD negative and confirmed by $ 12 months apart without MRD positive in between.
dThe calibration success rates were balanced across the treatment arms of both studies among patients in the ITT population with$ CR: 89.3% for D-Rd

and 77.2% for Rd in POLLUX, and 88.7% for D-Vd and 73.9% for Vd in CASTOR.
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therapy, the risk of disease progression or death on the next
subsequent line of therapy (PFS2) was not different for the
daratumumab groups versus the control groups in either

study. Median PFS2 was longer for MRD-negative patients
compared with MRD-positive patients; however, among pa-
tients who were MRD-positive before initiating subsequent
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therapy, the daratumumab groups had prolonged PFS2
versus the control groups (Table 2).

PFS and MRD Negativity by Response Status

In post hoc analyses of combined POLLUX and CASTOR
patients who achieved MRD negativity and$ CR (n5 154)
versus patients who were MRD-positive or with a response
worse than CR (n 5 913; termed # very good partial re-
sponse), patients in the deepest level of response ($ CR
withMRD negativity) had improved PFS (HR, 0.20 [95%CI,
0.15 to 0.27], P , .0001; Figure 4A); this trend was
maintained regardless of therapy regimen (Fig. 4B). These
data are further supported by a time-varying survival model
showing that $ CR with MRD negativity had an effect on
PFS in both univariate and multivariate models (Data
Supplement).

DISCUSSION

This exploratory analysis represents the first random-
ized, controlled, prospective evaluation of the effect of
sustained MRD negativity on PFS in RRMM, using the
IMWG-recommended sensitivity threshold (1025). We
demonstrate that patients with RRMM who achieved MRD-
negative status had improved PFS compared with MRD-
positive patients. Furthermore, sustained MRD negativity
was associated with improved PFS compared with patients
who obtainedMRD-negative status but did not maintain MRD
durability. Although the benefit of MRD negativity and

durability occurred regardless of therapy, daratumumab-
containing regimens enabled a higher proportion of pa-
tients to achieve deep and durable responses; among patients
who achieved MRD negativity, daratumumab drove more
patients tomaintain this state for$ 6 and$ 12months, which
was associated with prolonged PFS in both studies.

Although both POLLUX and CASTOR demonstrated du-
rable MRD negativity with daratumumab-based regimens,
inherent differences exist between the studies. With similar
median follow-up times (POLLUX, 54.8 months; CASTOR,
50.2months), longer PFS was observed with D-Rd (median
of 45.0 months) compared with D-Vd (median of
16.7 months).23,24 Based on these data, patients treated
with D-Rd would be expected to achieve higher rates of
MRD negativity compared with D-Vd–treated patients.
However, because of differences in study designs and
patient populations, a direct comparison cannot be made
between studies. Patients in POLLUX received treatment
with D-Rd until disease progression, whereas patients in
CASTOR received eight fixed cycles of D-Vd followed by
daratumumabmonotherapy until progression. Additionally,
in POLLUX, patients received a median of one prior line of
therapy versus two prior lines in CASTOR.

Although CR has generally been considered a favorable
outcome for patients with MM, CR is not indicative of a cure,
and most patients relapse.1 The disconnection between CR
and long-term efficacy suggests that persistent disease
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FIG 3. PFS based on sustained MRD negativity (1025;$ 12 months) in the ITT populations of POLLUX (A) and CASTOR (B). Shown are the results of the
Kaplan-Meier estimates of PFS among patients in the ITT population based on sustained MRD negativity$ 12 months at a threshold of one tumor cell per
105 white cells. Blue lines show regimens containing daratumumab; red lines show standard-of-care regimens. D-Rd, daratumumab plus lenalidomide and
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TABLE 2. Time to Next Therapy and PFS on Next Subsequent Line of Therapy
POLLUX CASTOR

D-Rd
n 5 286 (ITT)

Rd
n 5 283 (ITT)

D-Vd
n 5 251 (ITT)

Vd
n 5 247 (ITT)

TTSAT by MRD status

MRD-negative (1025) at $ 1 time point, n (%)a 93 (32.5%) 19 (6.7%) 38 (15.1%) 4 (1.6%)

Median (95% CI), months NR (NE to NE) NR (40.3 to NE) NR (44.5 to NE) 38.9 (23.3 to 48.2)

HR (95% CI), P 0.40 (0.16 to 0.98), P 5 .0380b 0.22 (0.04 to 1.14), P 5 .0490b

36-month TTSAT rate, % (95% CI) 85.5 (76.4 to 91.3) 77.4 (50.3 to 90.9) 75.9 (58.7 to 86.6) 50.0 (5.8 to 84.5)

48-month TTSAT rate, % (95% CI) 84.3 (75.0 to 90.4) 59.5 (33.2 to 78.3) 62.0 (44.4 to 75.5) 25.0 (0.9 to 66.5)

MRD-positive, n (%)a 193 (67.5%) 264 (93.3%) 213 (84.9%) 243 (98.4%)

Median (95% CI), months 36.9 (30.9 to 44.4) 20.7 (17.1 to 23.7) 20.2 (15.8 to 24.7) 9.3 (8.2 to 10.5)

HR (95% CI), P 0.51 (0.40 to 0.65), P , .0001b 0.32 (0.25 to 0.41), P , .0001b

36-month TTSAT rate, % (95% CI) 50.8 (43.0 to 58.1) 29.6 (23.8 to 35.5) 27.0 (20.6 to 33.8) 2.7 (1.0 to 5.7)

48-month TTSAT rate, % (95% CI) 41.8 (34.2 to 49.2) 21.5 (16.4 to 27.1) 19.8 (14.1 to 26.2) 1.1 (0.2 to 3.5)

Achieved and remained MRD-negative (1025) for
$ 6 months, n (%)a

58 (20.3%) 6 (2.1%) 26 (10.4%) 3 (1.2%)

Median (95% CI), months NR (NE to NE) NR (43.3 to NE) NR (NE to NE) 42.2 (35.6 to NE)

HR (95% CI), P 0.64 (0.08 to 5.32), P 5 .6777b 0.22 (0.05 to 0.90), P 5 .0205

36-month TTSAT rate, % (95% CI) 94.7 (84.5 to 98.3) 100.0 (100.0 to 100.0) 80.8 (59.8 to 91.5) 66.7 (5.4 to 94.5)

48-month TTSAT rate, % (95% CI) 94.7 (84.5 to 98.3) 83.3 (27.3 to 97.5) 76.9 (55.7 to 88.9) 33.3 (0.9 to 77.4)

Achieved and remained MRD negative (1025)
for $ 12 months, n (%)a

46 (16.1%) 4 (1.4%) 17 (6.8%) 0

Median (95% CI), months NR (NE to NE) NR (NE to NE) — NE

HR (95% CI), P NR (0 to NE), P 5 .5911 NE

36-month TTSAT rate, % (95% CI) 100.0 (100.0 to 100.0) 100.0 (100.0 to 100.0) — NE

48-month TTSAT rate, % (95% CI) 100.0 (100.0 to 100.0) 100.0 (100.0 to 100.0) — NE

PFS2

MRD negative (1025) at $ 1 time point, n (%)a 93 (32.5%) 19 (6.7%) 38 (15.1%) 4 (1.6%)

Median (95% CI), months NR (NE to NE) NR (48.1 to NE) NR (NE to NE) 48.5 (29.5 to NE)

HR (95% CI), P 0.55 (0.22 to 1.36), P 5 .1867b 0.73 (0.13 to 3.99), P 5 .7116b

36-month PFS2 rate, % (95% CI) 83.8 (74.6 to 89.9) 88.8 (62.1 to 97.1) 94.3 (79.0 to 98.5) 75.0 (12.8 to 96.1)

48-month PFS2 rate, % (95% CI) 78.3 (68.4 to 85.4) 82.9 (55.7 to 94.2) 75.6 (57.0 to 87.0) 50.0 (5.8 to 84.5)

MRD positive, n (%)a 193 (67.5%) 264 (93.3%) 213 (84.9%) 243 (98.4%)

Median (95% CI), months 38.4 (34.4 to 48.8) 30.6 (23.4 to 33.3) 27.9 (25.1 to 34.0) 19.8 (17.2 to 22.3)

HR (95% CI), P 0.68 (0.53 to 0.86), P 5 .0016b 0.56 (0.44 to 0.70), P , .0001b

36-month PFS2 rate, % (95% CI) 55.3 (47.8 to 62.1) 40.3 (34.1 to 46.4) 39.2 (32.4 to 45.9) 20.2 (14.9 to 26.0)

48-month PFS2 rate, % (95% CI) 43.9 (36.6 to 51.0) 30.9 (25.1 to 36.8) 33.1 (26.6 to 39.8) 10.6 (6.8 to 15.4)

Abbreviations: D-Rd, daratumumab plus lenalidomide/dexamethasone; D-Vd, daratumumab plus bortezomib/dexamethasone; HR, hazard ratio;
ISS, International Staging System; ITT, intention-to-treat; MRD, minimal residual disease; NE, not evaluable; NR, not reached; PFS, progression-free
survival; PFS2, progression-free survival on next subsequent line of therapy; Rd, lenalidomide/dexamethasone; TTSAT, time to subsequent anticancer therapy;
Vd, bortezomib/dexamethasone.

aPercentages calculated using the total number of patients in each column heading (ITT population) as the denominator.
bHR and 95% CI from a Cox proportional hazards model with treatment group as the sole explanatory variable and stratified with ISS (I, II, or III), number of

prior lines of therapy (1 v 2 or 3 v. 3), and prior lenalidomide (POLLUX) or bortezomib (CASTOR) treatment (no v yes). An HR, 1 indicates an advantage for
D-Rd or D-Vd. P value is based on the log-rank test stratified with ISS (I, II, or III), number of prior lines of therapy (1 v 2 or 3 v. 3), and prior lenalidomide or
bortezomib treatment (no v yes).
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FIG 4. PFS by response and MRD status (1025) among (A) all patients in POLLUX and CASTOR and
(B) in the pooled daratumumab-based combination groups versus control groups. Shown are the results
of the Kaplan-Meier estimates of PFS among patients in the ITT population based on the absence of
MRD at a threshold of one tumor cell per 105 white cells and on response category ($ CR,# VGPR). In
panel A, blue line shows patients who achieve $ CR and MRD negativity at any time since random
assignment; red line shows patients who achieve # VGPR or are MRD-positive. In panel B, blue lines
show regimens containing daratumumab; red lines show standard-of-care regimens. $ CR, complete
response or better; D-Rd, daratumumab plus lenalidomide and dexamethasone; D-Vd, daratumumab
plus bortezomib and dexamethasone; HR, hazard ratio; ITT, intention-to-treat; MRD, minimal residual
disease; PFS, progression-free survival; Rd, lenalidomide and dexamethasone; Vd, bortezomib and
dexamethasone; # VGPR, very good partial response or worse.
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remains undetected, and measuring deeper responses is
necessary to predict and improve long-term outcomes.
As shown here, achieving durable MRD negativity may
predict long-term outcomes, as durable MRD negativity
improves PFS and increases the time between treatment
relapses for RRMM; this supports the concept that
sustained MRD negativity may serve as a surrogate end
point for PFS in ongoing and future clinical trials. Al-
though ultrasensitive MRD assessment techniques are
available, there is currently no consensus on how or
when to use these methods for detecting and monitoring
MRD status.1,25-27 Prospectively gathered clinical data
will be useful in developing future paradigms for MRD
analysis as a clinical practice decision tool.

The results of a pooled analysis of 609 patients enrolled
in three studies of transplant-eligible or elderly patients
with MM revealed the lack of a survival benefit for pa-
tients who achieved CR without MRD negativity.6 These
findings highlight the limited value in using CR without
MRD negativity as a prognostic marker for survival
outcomes in MM.

In the ITT populations of POLLUX and CASTOR, PFS was
prolonged in patients who achieved MRD negativity
compared with MRD-positive patients, regardless of
treatment regimen. Similar findings were observed for
patients achieving sustained MRD negativity for
$ 6 months and $ 12 months, compared with MRD-
positive patients. Moreover, in a combined analysis in-
cluding all patients from POLLUX and CASTOR, patients
achieving CR or better and MRD negativity had prolonged
PFS, regardless of therapy regimen.

Currently, PFS outcomes in both studies were similar be-
tween treatment arms for MRD-positive patients. However,
daratumumab-containing regimens allowed more patients
to achieve MRD-negative status (D-Rd, 32.5% v Rd, 6.7%;
D-Vd, 15.1% v Vd, 1.6%), which was associated with
prolonged long-term outcomes. Follow-up for OS is ongoing

and will be assessed at the end of both studies to provide
important insight regarding whether daratumumab-
containing regimens provide a long-term OS benefit for
patients with RRMM.

Studies in NDMM demonstrated that PFS and OS were
prolonged (both P , .001) in patients who reached MRD-
negative status, supporting the prognostic value of MRD
negativity and its value as a surrogate marker for PFS and
OS in patients with NDMM, including those who achieved
CR.3,4,28 Achieving MRD negativity for a meaningful du-
ration (eg, for. 6 or. 12 months) may represent a higher
level of prognostic significance compared with standard
testing. The findings presented here demonstrate a clear
survival benefit for patients who reach durable MRD
negativity for durations of $ 6 months or $ 12 months.

Our data represent the largest data set analyzed to date, but
other studies have highlighted the role of sustained MRD
negativity in MM and its association with survival
outcomes.29-32 In a phase II study of carfilzomib, lenalido-
mide, and dexamethasone in patients with NDMM (N5 45),
sustained MRD negativity was observed in 54% and 46% of
patients after 1 and 2 years of maintenance therapy, re-
spectively, which corresponded to an 82% PFS rate at
48 months.29 Finally, in a real-world retrospective analysis of
232 patients with MM who underwent autologous stem-cell
transplantation, 51% of patients achieved durable MRD
negativity 12 months post-transplant, which was associated
with improved survival outcomes.32 Taken together, these
findings support the utility of sustained MRD assessment in
MM.

In summary, patients in the RRMM setting who achieved CR or
better and MRD-negative status had prolonged PFS compared
with patients who did not. In addition, daratumumab-based
regimens enabled many patients with RRMM to attain deep
and sustained MRD-negative responses, resulting in longer
periods without disease progression.
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