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KEY PO INT S

� In patients with
transplant-ineligible
NDMM, durable MRD
negativity is associated
with improved PFS.

� Daratumumab-based
therapies are
associated with higher
rates and durability of
MRD negativity.

In patients with transplant-ineligible newly diagnosed multiple myeloma (NDMM), daratu-
mumab reduced the risk of disease progression or death by 44% in MAIA (daratumumab/
lenalidomide/dexamethasone [D-Rd]) and 58% in ALCYONE (daratumumab/bortezomib/
melphalan/prednisone [D-VMP]). Minimal residual disease (MRD) is a sensitive measure of
disease and response to therapy. MRD-negativity status and durability were assessed in
MAIA and ALCYONE. MRD assessments using next-generation sequencing (1025) occurred
for patients achieving complete response (CR) or better and after at least CR at 12, 18, 24,
and 30 months from the first dose. Progression-free survival (PFS) by MRD status and sus-
tained MRD negativity lasting ≥6 and ≥12 months were analyzed in the intent-to-treat pop-
ulation and among patients achieving at least CR. In MAIA (D-Rd, n 5 368; lenalidomide
and dexamethasone [Rd], n 5 369) and ALCYONE (D-VMP, n 5 350; bortezomib/melpha-

lan/prednisone [VMP], n 5 356), the median duration of follow-up was 36.4 and 40.1 months, respectively.
MRD-negative status and sustained MRD negativity lasting ≥6 and ≥12 months were associated with improved PFS,
regardless of treatment group. However, daratumumab-based therapy improved rates of MRD negativity lasting ≥6
months (D-Rd, 14.9% vs Rd, 4.3%; D-VMP, 15.7% vs VMP, 4.5%) and ≥12 months (D-Rd, 10.9% vs Rd, 2.4%; D-VMP,
14.0% vs VMP, 2.8%), both of which translated to improved PFS vs control groups. In a pooled analysis, patients who
were MRD negative had improved PFS vs patients who were MRD positive. Patients with NDMM who achieved
MRD-negative status or sustained MRD negativity had deep remission and improved clinical outcomes. These trials
were registered at www.clinicaltrials.gov as #NCT02252172 (MAIA) and #NCT02195479 (ALCYONE).

Introduction
Among patients with newly diagnosed multiple myeloma
(NDMM), recent treatment advancements have improved
long-term outcomes. However, with these improvements
come unique challenges as clinicians evaluate the efficacy of
emerging therapies. Specifically, the duration until read-out
of clinical trials is long for traditionally used end points such
as progression-free survival (PFS) and overall survival (OS),
resulting in increased time until novel therapies are translated

into clinical practice. Therefore, new disease assessment
methods are needed that could serve as surrogate endpoints
with more expedient read-out.

Minimal residual disease (MRD) is a sensitive measure of tumor
cells in bone marrow that reflects remission status. Many studies
have demonstrated that MRD-negative status is indicative of a
deep response to therapy that is associated with improved PFS
and OS.1-11 Although PFS and OS remain key outcomes in clini-
cal studies, MRD status is being explored as a coprimary end
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point in clinical trials for multiple myeloma.9 Importantly, how-
ever, several aspects of MRD assessment require optimization
and standardization, including patient selection, timing of
assessment, sensitivity thresholds, frequency of monitoring, and
testing methodologies.12 To this end, the International Myeloma
Working Group (IMWG) criteria for assessing MRD negativity
state are that patients must achieve a complete response or bet-
ter (≥CR) and MRD-negative status, with a minimum sensitivity
of 1 nucleated tumor cell in 100000 normal cells (a 10–5 thresh-
old) either by next-generation sequencing or next-generation
flow cytometry.13

Daratumumab is a human immunoglobulin Gk monoclonal anti-
body targeting CD38 with a direct on-tumor14-17 and immuno-
modulatory18-20 mechanism of action. Daratumumab is
approved across multiple lines of therapy for multiple mye-
loma21; daratumumab-based regimens consistently improve
rates of MRD negativity and long-term outcomes such as PFS
and OS relative to standard of care. Two phase 3 clinical studies,
MAIA and ALCYONE, have evaluated daratumumab-based regi-
mens for patients with transplant-ineligible NDMM.

In the primary analysis of MAIA with 28.0 months of median
follow-up, daratumumab plus lenalidomide and dexamethasone
(D-Rd) reduced the risk of disease progression or death by 44%
compared with the control group (lenalidomide and dexametha-
sone [Rd]). Additionally, more D-Rd patients achieved MRD neg-
ativity compared with those who received Rd (24% vs 7%; P #

.001).10 With longer follow-up of MAIA (36.4 months), D-Rd vs
Rd continued to improve clinical outcomes and also demon-
strated improved MRD durability lasting ≥6 months (15% vs 4%;
P , .0001) and ≥12 months (11% vs 2%; P , .0001).22 In the pri-
mary analysis of ALCYONE, daratumumab plus bortezomib,
melphalan, and prednisone (D-VMP) reduced the risk of disease
progression or death by 50% with 16.5 months of median
follow-up compared with the control group (bortezomib, mel-
phalan, and prednisone [VMP]).23 In support of the primary end
point, the MRD-negativity rate at that time was also improved
for D-VMP vs VMP (22% vs 6%; P , .001). With longer follow-up
of ALCYONE (40.1 months), the clinical benefit of D-VMP was
maintained; importantly, D-VMP reduced the risk of death by
40% compared with VMP (P 5 .0003). At the time of this longer
follow-up, more patients who received D-VMP vs VMP achieved
durable MRD negativity lasting ≥6 months (16% vs 5%; P ,

.0001) and ≥12 months (14% vs 3%; P , .0001).11 Both MAIA
and ALCYONE demonstrated that daratumumab-based regi-
mens improved outcomes compared with standard of care; in
addition, they also demonstrated that achievement of MRD neg-
ativity was associated with longer PFS, irrespective of trial
treatments.

Here we provide an evaluation of sustained MRD negativity in
patients with transplant-ineligible NDMM; although the benefit
of achieving MRD negativity has been well established, this
study is the first to assess the prognostic value of sustained
MRD negativity lasting ≥6 or ≥12 months in NDMM. Specifically,
we present an analysis of the association of MRD durability with
PFS using data from the phase 3 MAIA and ALCYONE studies
after 36.4 and 40.1 months of median follow-up, respectively.
These data support the use of MRD durability as a predictive
and prognostic tool in NDMM and provide context for the
length of MRD durability that is clinically meaningful.

Methods
Trial design and oversight
The study designs of the phase 3 randomized, open-label, multi-
center MAIA (clinicaltrials.gov identifier: #NCT02252172)10 and
ALCYONE (#NCT02195479)23 studies have been published pre-
viously with the primary end point analyses for each study.
Briefly, MAIA and ALCYONE evaluated daratumumab plus Rd
or VMP, respectively, in patients with transplant-ineligible
NDMM. In both studies, patients had documented measurable
disease according to IMWG criteria24 and were ineligible for
high-dose chemotherapy or stem cell transplantation because of
age (≥65 years) or unacceptable coexisting conditions. All
patients provided written informed consent, and the studies
were approved by independent ethics committees/institutional
review boards and conducted in accordance with the Declara-
tion of Helsinki and current International Conference on Harmo-
nization Good Clinical Practice guidelines.

Randomization and study treatment
In each study, patients were randomized (1:1) to each treatment
group based on stratification factors (International Staging System
[ISS] disease stage [I vs II vs III, with higher stages indicating a
poorer prognosis], geographic region [North America vs other for
MAIA; Europe vs other for ALCYONE], and age [,75 vs ≥75
years]).10,23 In MAIA, all patients received lenalidomide (25 mg
orally on days 1-21) and dexamethasone (40 mg weekly) during
each 28-day cycle. Patients in the D-Rd group received daratumu-
mab (16 mg/kg) weekly for cycles 1 and 2, every other week for
cycles 3 to 6, and every 4 weeks thereafter. Study treatment con-
tinued until progressive disease or unacceptable toxicity. In
ALCYONE, all patients received up to nine 42-day cycles of borte-
zomib (1.3 mg/m2 subcutaneously twice weekly during weeks 1, 2,
4, and 5 of cycle 1 and once weekly during weeks 1, 2, 4, and 5 of
cycles 2-9), melphalan (9 mg/m2 orally on days 1-4 of each cycle),
and prednisone (60 mg/m2 orally on days 1-4 of each cycle). In the
D-VMP group, patients received daratumumab (16 mg/kg intrave-
nously) weekly in cycle 1, every 3 weeks in cycles 2 to 9, and every
4 weeks thereafter until disease progression or unacceptable toxic-
ity. For each study, pre- and postinfusion medications and dose
modifications have been previously described.10,23

End points and assessments
For MAIA and ALCYONE, the primary end point was PFS and
was reported previously.10,23 Response assessments and disease
assessments were conducted using a central laboratory and a val-
idated computer algorithm according to IMWG criteria.13,25,26

MRD assessments were to occur for all patients who achieved
≥CR. For patients who achieved ≥CR, additional MRD assess-
ments occurred at 12, 18, 24, and 30 months after the first dose.
MRD was assessed from bone marrow aspirates and evaluated
with next-generation sequencing using the clonoSEQ assay
(v.2.0; Adaptive Biotechnologies, Seattle, WA),27 according to
IMWG criteria.13 MRD-negativity rate was defined as the propor-
tion of patients who achieved ≥CR with negative MRD test 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 ≥100000 cells were
evaluated). A patient was considered MRD positive if MRD nega-
tivity was not achieved, if a test was inconclusive or missing, or if
they did not reach a best response of ≥CR. Sustained MRD nega-
tivity, which was evaluated in the intent-to-treat (ITT) population,
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was defined as the maintenance of MRD negativity in bone mar-
row confirmed ≥6 or ≥12 months apart.

Statistical analyses
Methods supporting sample size determination and protocol-
specified statistical analyses have been previously
described.10,23 Post hoc analyses of PFS by MRD status and/or
response category were evaluated, and a 2-sided P value is pre-
sented. PFS was compared between groups based on a log-
rank test, and hazard ratios (HRs) and 95% confidence intervals
(CIs) were estimated with a Cox regression model. Analysis with

time-varying covariates were used to evaluate the correlation
between PFS and response with MRD status. A univariate model
was tested with MRD negativity at multiple time points as the
sole time-varying covariate. All patients were considered MRD
positive at baseline. A multivariate model with the following fac-
tors as covariates was also performed to determine whether the
correlation was affected by any of these baseline factors: age (as
reported in the case report form), ISS disease stage (I, II, III),
baseline renal function (.60 mL/min, #60 mL/min), and cytoge-
netic risk (high, standard; risk was determined by fluorescence in
situ hybridization or karyotype testing with high risk denoted by
a positive test for any of the del17p, t[14;16], or t[4;14]

Table 1. Rates of sustained MRD-negativity status in transplant-ineligible NDMM

MRD negativity
(10–5)

MAIA ALCYONE*

D-Rd Rd P† D-VMP VMP P†

Intention-to-treat n 5 368 n 5 369 n 5 350 n 5 356

MRD-negative status,
n (%)

106 (28.8) 34 (9.2) ,.0001 94 (26.9) 25 (7.0) ,.0001

≥6 mo sustained 55 (14.9) 16 (4.3) ,.0001 55 (15.7) 16 (4.5) ,.0001

≥12 mo sustained 40 (10.9) 9 (2.4) ,.0001 49 (14.0) 10 (2.8) ,.0001

Complete response or
better

n 5 182 n 5 100 n 5 160 n 5 90

MRD-negative status,
n (%)

106 (58.2) 34 (34.0) .0001 94 (58.8) 25 (27.8) ,.0001

≥6 mo sustained 55 (30.2) 16 (16.0) .0097 55 (34.4) 16 (17.8) .0055

≥12 mo sustained 40 (22.0) 9 (9.0) .0053 49 (30.6) 10 (11.1) .0006

*MRD data on durability from the ITT population of ALCYONE were reported previously.11

†P value was calculated using Fisher's exact test.
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Figure 1. PFS based on MRD status (1025) in MAIA and ALCYONE. Kaplan-Meier estimates of PFS by MRD status among patients in the ITT populations. MRD
was assessed at a threshold of 1 tumor cell per 105 white blood cells. Red lines show MRD-negative patient populations and blue lines show MRD-positive patient
populations (D-Rd/Rd shown for MAIA [A]; D-VMP/VMP for ALCYONE [B]).
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molecular abnormalities). If values in baseline renal function or
cytogenetic risk were missing, those patients were excluded
from the multivariate model.

Results
Patients
In total, 737 patients in MAIA (D-Rd, n 5 368; Rd, n 5 369) and
706 patients in ALCYONE (D-VMP, n 5 350; VMP, n 5 356) were
randomized to the daratumumab and control groups (supplemen-
tal Figure 1, available on the BloodWeb site). Baseline characteris-
tics were previously published.10,23 The median duration of follow-
up was 36.4 (range, 0.0-49.9) months in MAIA and 40.1 (range,
0.0-52.1) months in ALCYONE. The majority (D-Rd/Rd: 93.1%; D-
VMP/VMP: 91.9%) of patients eligible for MRD assessments (≥CR)
provided a sample for MRD testing with successful calibration. A

few eligible patients in each treatment group did not have a sam-
ple for MRD testing (D-VMP, 4.4% [7/160]; VMP, 7.8% [7/90];
D-Rd, 1.6% [3/182]; Rd, 5.0% [5/100]; supplemental Table 1).

MRD negativity and durability
In both MAIA and ALCYONE, daratumumab-based therapy led
to improved rates of MRD negativity (1025 threshold) com-
pared with the standard of care in both the ITT populations (D-
Rd, 28.8% vs Rd, 9.2%; P , .0001; D-VMP, 26.9% vs VMP,
7.0%; P , .0001) and among patients who achieved ≥CR (D-
Rd, 58.2% vs Rd, 34.0%; P 5 .0001; D-VMP, 58.8% vs VMP,
27.8%; P , .0001; Table 1). MRD-negativity rates at the more
stringent threshold of 10–6 were also improved for the daratu-
mumab treatment groups vs standard of care in the ITT popu-
lations of each study (D-Rd, 9.2% vs Rd, 3.3%; P 5 .0007;
D-VMP, 9.1% vs VMP, 0.8%; P , .0001).
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Figure 2. PFS based on sustained MRD negativity (1025; ≥12 months) in MAIA, ALCYONE, and in both studies pooled. Kaplan-Meier estimates of PFS by
sustained MRD negativity lasting ≥12 months among patients in the ITT populations. MRD status was assessed at a threshold of 1 tumor cell per 105 white blood cells.
Red lines show MRD-negative patient populations and blue lines show MRD-positive patient populations (D-Rd/Rd shown for MAIA [A]; D-VMP/VMP for ALCYONE [B];
and D-Rd/Rd/D-VMP/VMP for all studies combined [C]).
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MRD durability was assessed among patients achieving ≥2 MRD-
negative results lasting ≥6 or ≥12 months with no MRD positive
result in between. In each study, daratumumab was associated
with higher rates of sustained MRD negativity in the ITT population
lasting ≥6 months (MAIA: D-Rd, 14.9% vs Rd, 4.3%; P , .0001;
ALCYONE: D-VMP, 15.7% vs VMP, 4.5%; P , .0001) and ≥12
months (D-Rd, 10.9% vs Rd, 2.4%; P , .0001; D-VMP, 14.0% vs
VMP, 2.8%; P , .0001; Table 1). Similar observations occurred
among patients who achieved ≥CR; daratumumab-based thera-
pies were associated with improved MRD durability lasting ≥6
months (MAIA: D-Rd, 30.2% vs 16.0%; P 5 .0097; ALCYONE:
D-VMP, 34.4% vs VMP, 17.8%; P5 .0055) and ≥12 months (D-Rd,
22.0% vs Rd, 9.0%; P5 .0053; D-VMP, 30.6% vs VMP, 11.1%; P5

.0006; Table 1). Among patients who achievedMRD durability last-
ing ≥6 months but not ≥12 months, the main reason was because
of unavailable data to demonstrate 12 months of durability (MAIA:
18 of 22; ALCYONE; 7 of 12), with only 4 patients in MAIA and 5
patients in ALCYONE having an MRD assessment at 12 months
that was indeterminate or that turned MRD positive.

Baseline demographic and disease characteristics by MRD dura-
bility (MRD negativity lasting ≥6 months, not lasting ≥6 months,
lasting ≥12 months, or not lasting ≥12 months) among patients in
MAIA and ALCYONE are summarized in supplemental Tables 2

and 3. In general, baseline characteristics were comparable
among patients who achieved sustained MRD negativity ≥12
months vs those who did not achieve ≥12-month MRD negativity
within each study. Most characteristics reflected a comparable
percentage of patients between treatment arms, but it should be
noted that few patients (#10) in the control arm of each study
achieved sustained MRD negativity lasting ≥12 months. Among
the small number of patients in the control arms who did achieve
sustained MRD negativity ≥12 months, the majority were catego-
rized as ISS stage I or II and had standard cytogenetic risk. In
MAIA and ALCYONE, the proportion of patients with standard vs
high cytogenetic risk was generally similar for those who achieved
sustained MRD negativity compared with the ITT population
(supplemental Tables 2 and 3), although the number of patients
in the high cytogenetic risk subgroups was small.

PFS and MRD negativity
In the ITT populations of MAIA and ALCYONE, MRD-negative
patients had improved PFS compared with MRD-positive
patients (MAIA: HR, 0.15 [95% CI, 0.09-0.26]; P , .0001; ALCY-
ONE: HR, 0.21 [95% CI, 0.15-0.30]; P , .0001; Figure 1; supple-
mental Figure 2). Consistent with these findings, PFS was also
improved for patients who achieved sustained MRD negativity
lasting ≥6 months (supplemental Figure 3A-C) or ≥12 months

Table 2. Cox proportional hazards model for PFS with MRD durability status as a covariate

Variable

MRD negativity sustained vs not sustained for
≥6 mo

MRD negativity sustained vs not sustained for
≥12 mo

HR (95% CI) P HR (95% CI) P

Univariate analysis

Sustained MRD
negativity (1025)

0.10 (0.06-0.18) ,.0001 0.09 (0.05-0.17) ,.0001

Multivariate analysis 1

Sustained MRD
negativity (1025)

0.12 (0.07-0.20) ,.0001 0.11 (0.05-0.21) ,.0001

Treatment
(daratumumab-
containing regimen
vs SoC)

0.55 (0.48-0.64) ,.0001 0.55 (0.47-0.64) ,.0001

Multivariate analysis 2

Sustained MRD
negativity (1025)

0.11 (0.07-0.19) ,.0001 0.10 (0.05-0.20) ,.0001

Treatment
(daratumumab-
containing regimen
vs SoC)

0.54 (0.47-0.63) ,.0001 0.54 (0.47-0.63) ,.0001

Age (,75 vs ≥75 y) 0.99 (0.85-1.15) .8471 1.01 (0.87-1.17) .9171

ISS disease stage
(I vs III)

0.46 (0.38-0.57) ,.0001 0.48 (0.39-0.59) ,.0001

ISS disease stage
(II vs III)

0.82 (0.70-0.96) .0166 0.82 (0.70-0.97) .0178

Region (other vs NA/
EU)

0.72 (0.62-0.83) ,.0001 0.72 (0.62-0.84) ,.0001

NA/EU, North America/Europe; SoC, standard of care.

Data are for a univariate and multivariate analysis of combined data from the MAIA and ALCYONE studies among patients who did and did not achieve sustained MRD negativity
lasting ≥6 months or patients who did and did not achieve sustained MRD negativity lasting ≥12 months. The following variables were evaluated: sustained MRD negativity,
treatment group, age, ISS disease stage, and region.
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(Figure 2); similar analyses by treatment group demonstrated
that the association of improved PFS with sustained MRD nega-
tivity was maintained regardless of treatment arm (supplemental
Figures 3D-E and 4). Furthermore, a combined analysis of

patients from MAIA and ALCYONE who received daratumumab-
containing regimens (D-Rd and D-VMP, n 5 718) or standard of
care (Rd and VMP, n 5 725) also demonstrated the clinical bene-
fit of MRD negativity. PFS was prolonged in patients with sus-
tained MRD durability lasting ≥6 months (supplemental Figure
5A) or ≥12 months (supplemental Figure 5B) compared with
patients who did not achieve sustained MRD negativity or
patients who were MRD positive. These data are supported by a
Cox proportional hazards model showing that MRD negativity
lasting ≥6 or ≥12 months are each associated with improved PFS
in both univariate and multivariate analyses (Table 2).

In MAIA and ALCYONE, the median time to subsequent anti-
cancer therapy (TTSAT) for patients who achieved MRD negativ-
ity was not reached among the daratumumab-treated groups or
in the control arm of MAIA but was 44.4 months in the control
arm of ALCYONE (Table 3). Among patients who were MRD
positive, daratumumab therapy was associated with longer
median TTSAT (MAIA: D-Rd, not reached vs Rd, 34.8 months;
HR, 0.58 [95% CI, 0.44-0.75]; P , .0001; ALCYONE: D-VMP,
43.8 months vs VMP, 24.9 months; HR, 0.53 [95% CI, 0.42-0.68];
P , .0001; Table 3). For patients who were MRD negative at
any time before initiating subsequent anticancer therapy, the
risk of disease progression or death on the next subsequent line
of therapy (PFS2) was not different for patients who received
daratumumab-containing regimens or standard of care (supple-
mental Table 4); however, it should be noted that there were
relatively few PFS2 events. Among patients who were MRD posi-
tive before subsequent anticancer therapy, PFS2 was not differ-
ent for D-Rd vs Rd therapy; however, PFS2 was improved for
patients who received D-VMP vs VMP (HR, 0.64 [95% CI, 0.49-
0.83]; P 5 .0008; supplemental Table 4).

Although some variation occurred by treatment group, in gen-
eral, estimated 36-month TTSAT rates were highest for patients
with sustained MRD negativity lasting ≥6 months (MAIA: D-Rd,
96.1%, vs Rd, 100.0%; ALCYONE: D-VMP, 96.3% vs VMP,
93.8%; Table 3) and ≥12 months (MAIA: 94.6% vs 100.0%;
ALCYONE: 95.8% vs 100.0%; Table 3) compared with patients
who did not have MRD negativity lasting ≥6 months (MAIA:
98.0% vs 78.7%; ALCYONE: 77.2% vs 38.9%) and ≥12 months
(MAIA: 98.5% vs 85.2%; ALCYONE: 80.5% vs 57.8%). Patients
who were MRD positive had the shortest median time to next
therapy (Table 3). In addition, estimated 36-month PFS2 rates
were higher for MRD-negative patients compared with MRD-
positive patients (supplemental Table 4).

Combined analysis of PFS by MRD negativity
In a combined analysis of patients from MAIA and ALCY-
ONE, based on patients who achieved MRD negativity (n 5

259) compared with patients who were MRD positive (n 5

1184), patients who were MRD negative had improved PFS
compared with patients who were MRD positive (HR, 0.19
[95% CI, 0.14-0.26]; P , .0001; Figure 3A). This trend was
maintained irrespective of therapy regimen (Figure 3B).
Among patients achieving MRD negativity, daratumumab-
containing regimens improved PFS compared with standard
of care (HR, 0.51 [95% CI, 0.28-0.92]; P , .0253; Figure 3B).
In support of the observation that patients in the deepest
response level had improved PFS, a Cox regression model
with time-varying covariates showed that MRD negativity
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Figure 3. PFS by MRD status (1025) among all patients in MAIA and
ALCYONE and in the pooled daratumumab-based combination groups vs
control groups. Kaplan-Meier estimates of PFS based on MRD negativity in the
ITT populations. MRD negativity was assessed at a threshold of 1 tumor cell per
105 white blood cells. (A) The red line shows patients who achieved MRD negativity
at any time since randomization; the blue line shows patients who were MRD
positive. (B) Red lines show regimens containing daratumumab (D-Rd and D-VMP);
blue lines show standard of care regimens (Rd and VMP). A total of 5 patients who
achieved a best response of VGPR were also MRD negative (all from the D-VMP
arm of ALCYONE). Dara, daratumumab; VGPR, very good partial response.
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Table 3. Time to next therapy by MRD status and durability

TTSAT by MRD status

MAIA ALCYONE

D-Rd (n 5 368; ITT) Rd (n 5 369; ITT)
D-VMP (n 5 350;

ITT) VMP (n 5 356; ITT)

MRD negative (10–5) at ≥1
time point, n (%)*

106 (28.8%) 34 (9.2%) 94 (26.9%) 25 (7.0%)

Number of events (%);
number censored (%)†

5 (4.7%); 101 (95.3%) 2 (5.9%); 32 (94.1%) 13 (13.8%); 81 (86.2%) 9 (36.0%); 16 (64.0%)

Median (95% CI), mo NR (42.5-NE) NR (NE-NE) NR (46.4-NE) 44.4 (36.5-NE)

HR (95% CI), P value 0.54 (0.10-2.95); P 5 .4661‡ 0.38 (0.16-0.88); P 5 .0197‡

36-mo TTSAT rate, % (95% CI) 96.9 (90.6-99.0) 90.5 (64.4-97.8) 88.7 (80.1-93.8) 75.3 (53.0-88.1)

MRD positive, n (%)* 262 (71.2%) 335 (90.8%) 256 (73.1%) 331 (93.0%)

Number of events (%);
number censored (%)†

82 (31.3%); 180 (68.7%) 152 (45.4%); 183 (54.6%) 110 (43.0%); 146 (57.0%) 203 (61.3%); 128 (38.7%)

Median (95% CI), mo NR (NE-NE) 34.8 (29.2-NE) 43.8 (35.3-NE) 24.9 (21.9-27.3)

HR (95% CI), P value 0.58 (0.44-0.75); P,.0001‡ 0.53 (0.42-0.68); P,.0001‡

36-mo TTSAT rate, % (95% CI) 65.4 (58.7-71.2) 48.7 (42.6-54.5) 54.9 (48.1-61.2) 33.2 (27.7-38.8)

Achieved and remained MRD
negative (10–5) for
≥ 6 mo, n (%)*

55 (14.9%) 16 (4.3%) 55 (15.7%) 16 (4.5%)

Number of events (%);
number censored (%)†

2 (3.6%); 53 (96.4%) 0 (0%); 16 (100.0%) 5 (9.1%); 50 (90.9%) 3 (18.8%); 13 (81.3%)

Median (95% CI), mo NR (NE-NE) NR (NE-NE) NR (46.4-NE) NR (44.4-NE)

HR (95% CI), P value NR (0-NE); P 5 .4674‡ 0.53 (0.13-2.22); P 5 .3746‡

36-mo TTSAT rate, % (95% CI) 96.1 (85.2-99.0) 100.0 (100.0-100.0) 96.3 (85.9-99.1) 93.8 (63.2-99.1)

MRD negativity (1025) not
lasting ≥6 mo, n (%)*

51 (13.9%) 18 (4.9%) 39 (11.1%) 9 (2.5%)

Number of events (%);
number censored (%)†

3 (5.9%); 48 (94.1%) 2 (11.1%); 16 (88.9%) 8 (20.5%); 31 (79.5%) 6 (66.7%); 3 (33.3%)

Median (95% CI), mo NR (42.48-NE) NR (34.66-NE) NR (NE-NE) 32.6 (14.1-NE)

HR (95% CI), P value 0.30 (0.4-2.17); P 5 .2069‡ 0.28 (0.10-0.80); P 5 .0113‡

36-mo TTSAT rate, % (95% CI) 98.0 (86.6-99.7) 78.7 (31.8-95.1) 77.2 (59.3-87.9) 38.9 (9.3-68.7)

Achieved and remained MRD
negative (1025) for ≥12 mo,
n (%)*

40 (10.9%) 9 (2.4%) 49 (14.0%) 10 (2.8%)

Number of events (%);
number censored (%)†

2 (5.0%); 38 (95.0%) 0 (0%); 9 (100.0%) 4 (8.2%); 45 (91.8%) 1 (10.0%); 9 (90.0%)

Median (95% CI), mo NR (NE-NE) NR (NE-NE) NR (46.4-NE) NR (44.4-NE)

HR (95% CI), P value NR (0-NE); P 5 .4975‡ 0.99 (0.11-8.86); P 5 .9897‡

36-mo TTSAT rate, % (95% CI) 94.6 (80.1-98.6) 100.0 (100.0-100.0) 95.8 (84.2-98.9) 100.0 (100.0-100.0)

NE, not evaluable; NR, not reached.

*Percentages calculated using the total number of patients in each column heading (ITT population) as the denominator.

†Percentages calculated using the number of patients in each column from the row immediately above number of events (%); number censored (%).

‡HR and 95% CI from a Cox proportional hazards model with treatment group as the sole explanatory variable. An HR , 1 indicates an advantage for D-Rd or D-VMP. P value is
based on the log-rank test.
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had an effect on PFS in both univariate and multivariate
analyses (supplemental Table 5).

Discussion
This analysis from two phase 3 studies of daratumumab plus
standard-of-care regimens for the treatment of transplant-
ineligible NDMM provides evidence that MRD negativity is asso-
ciated longer PFS and that this benefit is improved for patients
who reach durable MRD negativity. Although these data dem-
onstrate the prognostic value of MRD durability lasting ≥12
months, which aligns with IMWG criteria,13 these data also sup-
port the clinical relevance and potential prognostic value of
assessing MRD durability of shorter duration (ie, MRD negativity
lasting ≥6 months). MRD negativity and durability were associ-
ated with improved PFS regardless of treatment regimen; how-
ever, daratumumab-based therapies drove more patients to
achieve MRD-negative status and maintain MRD negativity for
≥6 and ≥12 months. It is possible that daratumumab-based ther-
apies may induce longer periods of MRD negativity and deeper
response; however, it is also possible that the continuous expo-
sure to daratumumab alone or in combination with lenalidomide
may have contributed to the longer periods of MRD negativity
and deeper responses.

Our results are consistent with previous publications showing
that MRD negativity is associated with improved PFS and OS for
multiple myeloma,1-11 including results from 2 meta-analyses of
patients primarily with NDMM.6,9 One analysis included 14 clini-
cal studies and found MRD negativity to be correlated with
improved PFS (HR, 0.41 [95% CI, 0.36-0.48]; P , .001) and OS
(HR, 0.57 [95% CI, 0.46-0.71]; P , .001).6 Another meta-analysis
evaluated 6 NDMM studies, including data from the primary
analysis of ALCYONE, which are reported here; in that analysis,
a correlation between MRD negativity and PFS was demon-
strated by a weighted regression analysis.9 MRD negativity and
durability were also measured in the FORTE study in patients
with transplant-eligible NDMM.28 The treatment group with the
highest rate of sustained MRD negativity (carfilzomib plus

lenalidomide/dexamethasone with transplantation) also had
improved PFS compared with the other study treatments (carfil-
zomib plus cyclophosphamide/dexamethasone plus transplanta-
tion or carfilzomib plus lenalidomide/dexamethasone without
transplantation).28 Collectively, these studies are consistent with
our present analysis; however, these studies were based on dif-
ferent MRD assessment methodologies, sensitivity thresholds,
and together included diverse patient populations. In our study,
we explore the correlation of MRD negativity with long-term
outcomes including PFS and PFS2 using consistent assessment
techniques, sensitivity thresholds, and similar patient popula-
tions. At the clinical cutoff date for these analyses, OS data were
immature for MAIA, limiting the analysis of MRD status and
durability as a surrogate end point for survival.

The current analysis demonstrated that patients who were MRD
negative vs MRD positive had longer times to subsequent antican-
cer therapy and improved PFS2. Moreover, patients with sustained
MRD negativity lasting either ≥6 or ≥12 months had the longest
time to subsequent therapy. Although these data support the
association of MRD negativity and durability with improved long-
term outcomes, the impact on PFS2 requires longer follow-up
because of the small number of events. Additionally, in ALCYONE,
daratumumab therapy was associated with longer time to subse-
quent anticancer therapy not only for MRD-negative patients but
also among MRD-positive patients, and daratumumab led to
improved PFS2 among MRD-positive patients. Interestingly, this
observation demonstrates a clinical benefit of daratumumab even
among patients who do not reach MRD negativity.

A strength of this study is its focus on patients with transplant-
ineligible NDMM with similar baseline demographic and disease
characteristics who were prospectively enrolled in one of two
phase 3 clinical studies. These patients benefitted from under-
going consistent MRD assessment methodologies at the same
sensitivity threshold, underscoring the robustness of the dataset.
Moreover, we also present strong evidence from a pooled anal-
ysis of patients from MAIA and ALCYONE, showing that patients
who achieved MRD negativity had improved PFS compared

Table 3. (continued)

TTSAT by MRD status

MAIA ALCYONE

D-Rd (n 5 368; ITT) Rd (n 5 369; ITT)
D-VMP (n 5 350;

ITT) VMP (n 5 356; ITT)

MRD negativity (1025) not
lasting ≥12 mo, n (%)*

66 (17.9%) 25 (6.8%) 45 (12.9%) 15 (4.2%)

Number of events (%);
number censored (%)†

3 (4.5%); 63 (95.5%) 2 (8.0%); 23 (92.0%) 9 (20.0%); 36 (80.0%) 8 (53.3%); 7 (46.7%)

Median (95% CI), mo NR (42.48-NE) NR (34.66-NE) NR (44.2-NE) 37.0 (27.6-NE)

HR (95% CI), P value 0.30 (0.04-2.17); P 5 .2082‡ 0.36 (0.14-0.95); P 5 .0305‡

36-mo TTSAT rate, % (95% CI) 98.5 (89.6-99.8) 85.2 (47.6-96.6) 80.5 (64.7-89.8) 57.8 (29.0-78.4)

NE, not evaluable; NR, not reached.

*Percentages calculated using the total number of patients in each column heading (ITT population) as the denominator.

†Percentages calculated using the number of patients in each column from the row immediately above number of events (%); number censored (%).

‡HR and 95% CI from a Cox proportional hazards model with treatment group as the sole explanatory variable. An HR , 1 indicates an advantage for D-Rd or D-VMP. P value is
based on the log-rank test.
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with patients who were MRD positive. Although the proportion
of patients with transplant-ineligible NDMM who achieved MRD
negativity is a relatively small proportion of the study population,
patients who did achieve deep response had improved out-
comes. These data are supported by other studies that demon-
strate PFS and OS were prolonged in MRD-negative patients
with NDMM1-3,5,7,8 and in a previous report that achievement of
CR in the absence of MRD negativity was not associated with
prolonged PFS or OS.5 Taken together with data from the cur-
rent study, this evidence suggests that focusing only on hemato-
logic response (CR) without consideration of MRD status limits
the prognostic impact for clinical outcomes.

These data together with observations from the current analysis
indicate durable MRD negativity lasting ≥6 or ≥12 months may
represent yet a deeper level of response with a higher prognos-
tic value, suggesting MRD negativity may be a more robust eval-
uation of disease control if sustained over time. The present
study supports this view by demonstrating improved PFS with
sustained MRD negativity.
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