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Saint-Louis, Universit�e de Paris, Paris, France; 8Medizinische Hochschule Hannover, Hannover, Germany; 9Department of Biomedicine and Prevention,
University of Rome Tor Vergata, Rome, Italy; 10Princess Margaret Cancer Centre, Toronto, Canada; 11Hospital District of Helsinki and Uusimaa (HUS)
Comprehensive Cancer Center, Hematology Research Unit Helsinki and iCAN Digital Precision Cancer Center Medicine Flagship, University of Helsinki,
Finland; 12Celgene, a Bristol Myers Squibb Company, Boudry, Switzerland; 13Division of Hematologic Malignancies and Cellular Therapeutics, BMS, Princeton,
NJ; 14Bristol Myers Squibb, University of Kansas Medical Center, Kansas City, KS; 15BMS Center for Innovation and Translational Research Europe (CITRE, a
Bristol Myers Squibb Company), Seville, Spain; 16Amsterdam UMC, Location VUMC (Vrije Universiteit Medical Center), Amsterdam, The Netherlands; and
17Department of Internal Medicine III, Ulm University Hospital, Ulm, Germany

KEY PO INTS

� Oral-AZA significantly
improved overall and
RFS vs placebo
independent of
baseline MRD status.

� Rate of MRD1 to MRD2

conversion was higher
with oral-AZA; one-
fourth of MRD respond-
ers achieved MRD neg-
ativity >6 months after
starting oral-AZA.

Measurable residual disease (MRD) in patients with acute myeloid leukemia (AML) in
remission after intensive chemotherapy is predictive of early relapse and poor survival.
Postremission maintenance therapy that prolongs MRD negativity or converts MRD1

patients to MRD2 status may delay or prevent relapse and improve overall survival (OS). In
the phase 3 QUAZAR AML-001 trial, oral azacitidine (oral-AZA; formerly CC-486), a
hypomethylating agent, significantly prolonged OS and relapse-free survival (RFS)
compared with placebo in patients aged ≥55 years with AML in first remission after
intensive chemotherapy who were not candidates for hematopoietic stem cell
transplantation. In this trial, MRD (≥0.1% leukemic cells in bone marrow) was assessed by
multiparameter flow cytometry in serial samples collected at baseline and on day 1 of
every 3 cycles. As expected, baseline MRD status was significantly associated with both
OS and RFS. Multivariate analyses showed oral-AZA significantly improved OS and RFS vs
placebo independent of baseline MRD status. Oral-AZA treatment also extended the

duration of MRD negativity by 6 months vs placebo and resulted in a higher rate of conversion from MRD1 at baseline
to MRD2 during treatment: 37% vs 19%, respectively. In the oral-AZA arm, 24% of MRD responders achieved MRD
negativity >6 months after treatment initiation. Although presence or absence of MRD was a strong prognostic
indicator of OS and RFS, there were added survival benefits with oral-AZA maintenance therapy compared with
placebo, independent of patients’ MRD status at baseline. Registered at clinicaltrials.gov as #NCT01757535.

Introduction
In newly diagnosed acute myeloid leukemia (AML), high remis-
sion rates are achieved with intensive chemotherapy (IC), but
remissions are often transient.1 A variety of therapies, including
hypomethylating agents, have been investigated in clinical trials
for use as maintenance therapy in patients with AML in remis-
sion. Although some therapies in the maintenance setting have
been shown to prolong disease-free or relapse-free survival
(RFS) after IC, until recently, none has shown a significant impact
on overall survival (OS) in a large, randomized study.2-11 Oral
azacitidine (oral-AZA; formerly CC-486) is a hypomethylating
agent that allows for extended dosing schedules to prolong

drug exposure over each treatment cycle.12,13 Oral-AZA has a
distinct pharmacokinetic and pharmacodynamic profile from that
of injectable azacitidine, and the 2 formulations are not bio-
equivalent nor interchangeable.12,14 In the randomized, phase 3
QUAZAR AML-001 trial (clinicaltrials.gov #NCT01757535), treat-
ment with oral-AZA significantly prolonged median OS by 9.9
months vs placebo (24.7 vs 14.8 months, respectively) and
median RFS by 5.3 months (10.2 vs 4.8 months) in patients aged
≥55 years with AML in first remission after induction chemother-
apy, with or without subsequent consolidation, who were not
considered candidates for hematopoietic cell transplant
(HCT).15,16 Oral-AZA was generally well tolerated and did not
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diminish the favorable health-related quality of life for these
patients, who at study entry reported levels of fatigue generally
comparable to those of a healthy population.16,17 Based on
these results, oral-AZA was recently approved in the United
States, Canada, and the European Union for treatment of adult
patients with AML in first remission following IC who are not
able to complete intensive curative therapy (eg, HCT).18

The presence of measurable residual disease (MRD) in patients
with AML in remission after IC has consistently been shown to
be predictive of relapse19-22 and is an adverse prognostic indica-
tor that may help guide treatment decisions.21,22 Accordingly,
the ability to prolong MRD negativity and to convert patients
who are MRD1after IC to MRD2 status may be important fea-
tures of an effective AML maintenance strategy, but until
recently, prospective data were lacking.23-25 For patients who
are MRD2, maintenance therapy could theoretically suppress
the emergence of resistant clonal populations that may ulti-
mately lead to disease relapse. For MRD1 patients, an ideal
therapy would promote conversion to MRD negativity, poten-
tially delaying overt relapse and improving OS.21,22,26,27

MRD can be assessed using multiparameter flow cytometry
(MFC), real-time quantitative polymerase chain reaction (PCR),
digital droplet PCR, or next-generation sequencing technolo-
gies. Using MFC, MRD is determined by (1) tracking leukemia-
associated aberrant immunophenotypes defined at diagnosis,
(2) using a different-from-normal (DfN) approach that assesses
immunophenotypic shifts at subsequent timepoints during
remission, or (3) using a combined leukemia-associated aberrant
immunophenotypes–based DfN approach when diagnostic sam-
ples are available. The combined approach is applicable for the
vast majority of patient samples and is currently recommended
by the European LeukemiaNet MRD Working Party, with a prog-
nostic significance threshold of ≥0.1% for MRD positivity.22

Given the prognostic impact of MRD in AML,19-22 we assessed
MRD (an exploratory study endpoint) by MFC in samples col-
lected at screening and serially during treatment in the QUAZAR
AML-001 trial. In univariate analysis, OS and RFS benefits were
observed with oral-AZA vs placebo within both subgroups
defined by the presence of MRD at screening (MRD1 or MRD2).
Here, we further assess survival endpoints based on MRD status
at screening, conversion from MRD1 to MRD2 during treatment,
and the durability of MRD negativity while on treatment.

Methods
Trial design and patient eligibility
Trial design and key inclusion and exclusion criteria have been
reported in detail.16 Briefly, eligible patients were aged ≥55
years, with intermediate- or poor-risk cytogenetics at diagnosis
(according to the National Comprehensive Cancer Network
2011 AML Guidelines28), had achieved first complete remission
(CR) or CR with incomplete hematologic recovery (CRi) (Interna-
tional Working Group 2003 AML criteria29) after intensive che-
motherapy (induction plus or minus consolidation), and were not
considered candidates for HCT by their treating physician before
study screening. The use and type of consolidation therapy
were determined by the treating physician and occurred prior to

study screening, and patients were eligible for enrollment
regardless of whether or not they received consolidation.

Within 4 months (plus or minus 7 days) of achieving CR/CRi,
patients were randomized 1:1 to receive oral-AZA 300 mg or
placebo once daily on days 1 to 14 of repeated 28-day treat-
ment cycles. Randomization was stratified by age, prior history
of myelodysplastic syndromes or chronic myelomonocytic leuke-
mia, cytogenetic risk at diagnosis, and receipt of consolidation
chemotherapy. Baseline MRD status was established using the
initial bone marrow aspirate taken at the time of screening (after
completion of induction plus or minus consolidation and #28
days before randomization). The data cutoff date was 15 July
2019.

MRD assessments
The MRD2 evaluable cohort consisted of all patients who had
bone marrow samples available for MFC evaluation at baseline
and at ≥1 postbaseline visit. MFC assessments were performed
centrally by M€unchner Leuk€amielabor, GmbH (Munich, Ger-
many) as previously described.30-32 The flow cytometry MRD
assay was run in real time on fresh patient bone marrow aspirate
samples collected at baseline (screening) on day 1 (plus or minus
7 days) of every 3 cycles, up to cycle 24, and every 6 cycles
thereafter, and as clinically indicated.15 Samples from the time
of AML diagnosis or from the time of achievement of CR/CRi
were not available for assessment. The MFC MRD assay was run
using a set of 22 cell-surface markers (supplemental Table 1),
and MRD was quantified using a DfN approach with an MRD1

cutoff of ≥0.1%, consistent with the 2017 European Leukemia-
Net guidelines.22 The assay was performed in 7 separate tubes,
each with 5 unique marker combinations, along with standard
forward scatter and side scatter measurements.

Statistical analysis
The primary and key secondary endpoints of the QUAZAR AML-
001 trial were OS and RFS, respectively. OS was defined as the
time from randomization to death from any cause, and RFS was
defined as the interval from the date of randomization to the
date of AML relapse (ie, ≥5% blasts in bone marrow by morpho-
logical analysis) or death from any cause. MRD was not used to
define relapse. Patients who were still alive without documented
relapse, or who were lost to follow-up without documented
relapse, were censored at the date of their last response assess-
ment. Survival outcomes were assessed within subgroups of
patients defined by MRD status at study entry (MRD1 or
MRD2), and for patients who were MRD1 at baseline and
achieved an MRD response on study (defined below). OS, RFS,
and duration of MRD negativity were estimated using Kaplan-
Meier methods. All MRD analyses were exploratory endpoints;
relative hazard ratios (HRs) for OS and RFS comparisons
between treatment arms within MRD-based subgroups are pro-
vided, but analyses were not powered to detect statistical
significance.

Multivariate analyses were performed to evaluate the effect of
baseline MRD status (MRD1 vs MRD2) on OS and RFS indepen-
dent of randomized treatment arm (oral-AZA vs placebo) and of
treatment arm independent of MRD status. HRs and 95% confi-
dence intervals (CIs) for multivariate analyses were calculated
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using a Cox proportional hazards regression model, and P val-
ues were determined by Wald tests.

MRD response and duration of MRD negativity
Conversion of MRD status (ie, MRD2 to MRD1 or MRD1 to
MRD2) was noted if there were 2 consecutive MRD assessments
at the new status. For example, for patients who were MRD1 at
baseline (≥0.1% MRD by MFC), MRD response was defined as
achievement of MRD negativity for ≥2 consecutive assessments
during the randomized treatment phase. Duration of MRD nega-
tivity was calculated as the time between randomization (for
patients MRD2 at baseline) or the first of ≥2 consecutive
on-treatment MRD2 tests (for MRD responders) until the first of
2 consecutive MRD1 assessments or treatment discontinuation.
For patients with discontinuous periods of confirmed MRD neg-
ativity, MRD2 duration was the sum of all MRD2 periods,
excluding the duration of any intervening MRD1 intervals. Miss-
ing longitudinal data did not change MRD status unless the time
interval between the 2 MRD measurements exceeded 200 days;
in this case, an MRD1 value was assumed for the entire gap as
a conservative approach. Examples of how MRD duration and
conversion were calculated in different scenarios are shown in
supplemental Figure 1.

Results
Patient disposition and baseline characteristics
The MRD-evaluable cohort comprised 463/472 (98.1%) random-
ized patients (oral-AZA, n 5 236; placebo, n 5 227) with bone
marrow samples available for MFC evaluation at baseline and
at ≥1 postbaseline visit (supplemental Figure 2). At baseline,
44% of evaluable patients (n 5 103) in the oral-AZA arm and
51% (n 5 116) in the placebo arm were MRD1. The majority of
MRD1 patients (132/219 [60%]) had , 0.5% leukemic cells at
baseline (Table 1). Median bone marrow blast percent by cyto-
morphology at baseline for MRD1 patients was 2.5% (range,
0.0 to 5.0) in the oral-AZA arm and 2.0% (0.0 to 6.5) in the pla-
cebo arm (patients may have had multiple visits between
screening and randomization, but all patients met relevant eligi-
bility criteria at their screening visit) and was 1.5% (0.0 to 4.5)
and 2.0% (0.0 to 4.5), respectively, in the MRD2 subgroup.
Overall, baseline characteristics were generally similar between
MRD1 and MRD2 patients: median ages were 69 (range 55 to
84) and 68 (55 to 86) years, respectively; 84% and 88% of
patients had intermediate-risk cytogenetics at diagnosis, 52%

and 46% had an Eastern Cooperative Oncology Group perfor-
mance status score of 0, 83% and 79% were in CR (rather than
CRi) post-IC, and 79% and 82% received consolidation after
induction (Table 2). There was no significant association
between the number of consolidation courses received before
study entry (0, 1, or 2 to 3) and the likelihood of being MRD1

or MRD2 at baseline (x-squared P 5 .36). There were few nota-
ble differences in baseline characteristics between treatment
arms within each MRD cohort; however, within the subgroup of
patients who were MRD2 at baseline, a greater proportion of
patients in the placebo arm than in the oral-AZA arm had
achieved CR (as opposed to CRi) after induction (87% vs 72%,
respectively; P 5 .004).

Baseline MRD status was prognostic of survival
Within each treatment arm, median OS was substantially shorter
in patients who were MRD1 at baseline than for those who were
MRD2 (Figure 1), confirming the adverse prognostic impact of
the MFC-defined ≥0.1% MRD1 threshold; the HR for OS
between the MRD1 and MRD2 subgroups was 1.7 (95% CI, 1.3,
2.4) in the oral-AZA arm and 1.9 (1.5, 2.7) in the placebo arm.
Similarly, RFS was reduced in patients who were MRD1 at base-
line in both the oral-AZA (HR, 1.8 [95% CI, 1.4, 2.5] vs MRD2)
and placebo (2.2 [1.7, 3.0]) arms. Multivariate analysis confirmed
the significant independent association of MRD status at base-
line (MRD1 vs MRD2) with OS (HR, 1.85 [95% CI, 1.49, 2.31])
and RFS (HR, 2.04 [1.65, 2.53]) when controlling for treatment
arm (oral-AZA or placebo) (Table 3).

Oral-AZA improved survival regardless of
baseline MRD status
Treatment with oral-AZA was associated with improved OS from
time of randomization compared with placebo regardless of
post-IC MRD status: median OS for baseline MRD1 patients was
14.6 months with oral-AZA vs 10.4 months with placebo (HR,
0.69 [95% CI, 0.51, 0.93]) and was 30.1 vs 24.3 months, respec-
tively, in patients who were MRD2 at baseline (HR, 0.81 [0.59,
1.12]) (Figure 1A). Median RFS was also extended with oral-AZA
vs placebo in both MRD subgroups: 7.1 vs 2.7 months, respec-
tively, in baseline MRD1 patients (HR, 0.58 [95% CI, 0.43, 0.78]),
and 13.4 vs 7.8 months in MRD2 patients (0.71 [0.52, 0.98])
(Figure 1B). Multivariate analysis confirmed the significant inde-
pendent benefit of treatment with oral-AZA vs placebo on both
OS (HR, 0.74 [95% CI, 0.59, 0.92]) and RFS (0.63 [0.51, 0.78])
when controlling for baseline MRD status (Table 3).

Table 1. MRD status at randomization and degree of MRD positivity as a percentage of leukemic cells in bone
marrow aspirates

Group N

MRD2

(<0.1%)
MRD1

(≥0.1%)

Degree of MRD positivity

0.1-0.5% ≥0.5-1.0% >1.0%

n (%)

All patients 463 244 (53) 219 (47) 132 (29) 36 (8) 51 (11)

Oral azacitidine 236 133 (56) 103 (44) 63 (27) 16 (7) 24 (10)

Placebo 227 111 (49) 116 (51) 69 (30) 20 (9) 27 (12)

MRD, measurable residual disease.
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Table 2. Demographic and disease characteristics in the MRD-evaluable cohort, stratified by MRD status at base-
line and by randomized treatment arm

Baseline MRD1 Baseline MRD2

Characteristic

Oral
azacitidine
(n 5 103)

Placebo
(n 5 116)

Total
(n 5 219)

Oral
azacitidine
(n 5 133)

Placebo
(n 5 111)

Total
(n 5 244)

Age, years, median (range) 68 (55-84) 69 (56-82) 69 (55-84) 68 (56-86) 68 (55-79) 68 (55-86)

Sex, n (%)

Male 50 (49) 60 (52) 110 (50) 67 (50) 64 (58) 131 (54)

Female 53 (51) 56 (48) 109 (50) 66 (50) 47 (42) 113 (46)

WHO AML classification, n (%)

Recurrent genetic abnormalities 17 (17) 19 (16) 36 (16) 22 (17) 24 (22) 46 (19)

Myelodysplasia-related changes 19 (18) 26 (22) 45 (21) 29 (22) 14 (13) 43 (18)

Therapy-related 2 (2) 0 2 (0.9) 0 0 0

Not otherwise specified 65 (63) 71 (61) 136 (62) 82 (62) 72 (65) 154 (63)

Missing 0 0 0 0 1 (0.9) 1 (0.4)

Type of AML, n (%)

De novo 90 (87) 106 (91) 196 (89) 122 (92) 103 (93) 225 (92)

Secondary 13 (13) 10 (9) 23 (11) 11 (8) 8 (7) 19 (8)

Prior history of MDS/CMML,
n (%)

10 (10) 9 (8) 19 (9) 11 (8) 8 (7) 19 (8)

Cytogenetic risk at diagnosis,
n (%)

Intermediate 87 (84) 97 (84) 184 (84) 114 (86) 100 (90) 214 (88)

Poor 16 (16) 19 (16) 35 (16) 19 (14) 11 (10) 30 (12)

Response following induction,
n (%)

CR 89 (86) 93 (80) 182 (83) 96 (72) 97 (87) 193 (79)

CRi 14 (14) 23 (20) 37 (17) 37 (28) 14 (13) 51 (21)

Received consolidation therapy,
n (%)

Yes 82 (80) 90 (78) 172 (79) 103 (77) 96 (86) 199 (82)

1 cycle 51 (50) 52 (45) 103 (47) 58 (44) 49 (44) 107 (44)

2 cycles 28 (27) 32 (28) 60 (27) 42 (32) 40 (36) 82 (34)

3 cycles 3 (3) 6 (5) 9 (4) 3 (2.3) 7 (6) 10 (4)

No 21 (20) 26 (22) 47 (22) 30 (23) 15 (14) 45 (18)

Total number of chemotherapy
cycles received (induction 1
consolidation), median (range)

2 (1-7) 2 (1-6) 2 (1-7) 2 (1-6) 2 (1-5) 2 (1-6)

Response at randomization, n
(%)

CR 85 (83) 87 (75) 172 (79) 97 (73) 85 (77) 182 (75)

CRi 16 (16) 23 (20) 39 (18) 33 (25) 20 (18) 53 (22)

No longer in CR/CRi 2 (2) 5 (4) 7 (3) 3 (2) 6 (5) 9 (4)

Missing 0 1 (0.9) 1 (0.5) 0 0 0

ANC, absolute neutrophil count; CMML, chronic myelomonocytic leukemia; ECOG, Eastern Cooperative Oncology Group; HSCT, hematopoietic stem cell transplant; MDS,
myelodysplastic syndromes; WBC, white blood cell count; WHO, World Health Organization.

*4 patients were enrolled beyond the 4-month (plus or minus 7 days) inclusion window (protocol violations).

†Patients may have been accounted for in multiple categories.

‡Patients may have had multiple visits between screening and randomization. All patients met relevant eligibility criteria at their screening visit.
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Treatment with oral-AZA resulted in increased
MRD responses
For baseline MRD1 patients, the conversion rate to MRD2 sta-
tus on study (ie, MRD response) was nearly twofold higher with
oral-AZA (37%) than with placebo (19%) (odds ratio, 2.50 [95%
CI, 1.35, 4.61]) (Table 4). The median time from randomization
to first observed MRD2 assessment for MRD responders was
61 days with oral-AZA and 59.5 days with placebo, which
approximately corresponds to the 56-day interval between

baseline and the first protocol-specified marrow assessment on
day 1 of cycle 3. However, some patients treated with oral-AZA
achieved an MRD response even after prolonged MRD positiv-
ity: 9/38 (24%) responders in the oral-AZA arm became MRD2

.6 months after randomization (ranging up to 13.1 months)
compared with only 1 patient (5%; at 8.1 months) in the pla-
cebo arm (Table 4; Figure 2).

Achievement of MRD negativity on study was associated with
longer survival: median OS for all MRD responders (n 5 60) was

Table 2. (continued)

Baseline MRD1 Baseline MRD2

Characteristic

Oral
azacitidine
(n 5 103)

Placebo
(n 5 116)

Total
(n 5 219)

Oral
azacitidine
(n 5 133)

Placebo
(n 5 111)

Total
(n 5 244)

Time from diagnosis to
randomization, months, median
(range)

4.2 (1.7-9.2) 4.1 (1.5-7.6) 4.1 (1.5-9.2) 4.2 (1.5-9.1) 4.3 (1.4-10.9) 4.3 (1.4-10.9)

Time from induction to
randomization, months, median
(range)

4.0 (1.5-7.8) 3.9 (1.5-15.1) 4.0 (1.5-15.1) 3.9 (1.4-8.8) 4.0 (1.3-10.2) 4.0 (1.3-10.2)

Time from achievement of CR/CRi
to randomization, days, median
(range)*

81 (7-130) 80 (7-134) 81 (7-134) 85 (8-154) 87 (11-263) 86 (8-263)

ECOG performance status
score, n (%)

0 56 (54) 57 (49) 113 (52) 59 (44) 52 (47) 111 (46)

1 40 (39) 49 (42) 89 (41) 61 (46) 52 (47) 113 (46)

2-3 7 (7) 10 (9) 17 (8) 13 (10) 7 (6) 20 (8)

Reason ineligible for HSCT,
n (%)†

Age 68 (66) 78 (67) 146 (67) 85 (64) 69 (62) 154 (63)

Comorbidities 28 (27) 24 (21) 52 (24) 24 (18) 23 (21) 47 (19)

Performance status 6 (6) 4 (3) 10 (5) 7 (5) 4 (4) 11 (5)

No available donor 12 (12) 19 (16) 31 (14) 25 (19) 16 (14) 41 (17)

Patient decision 4 (4) 13 (11) 17 (8) 15 (11) 19 (17) 34 (14)

Unfavorable cytogenetics 2 (2) 2 (2) 4 (2) 4 (3) 8 (7) 12 (5)

Other 13 (13) 8 (7) 21 (10) 14 (11) 11 (10) 25 (10)

Bone marrow blasts, %, median
(range)‡

2.5 (0.0-5.0) 2.0 (0.0-6.5) 2.5 (0.0-6.5) 1.5 (0.0-4.5) 2.0 (0.0-4.5) 2.0 (0.0-4.5)

Hemoglobin, g/L, median (range) 113 (86-159) 109 (77-149) 111 (77-159) 115 (75-149) 109 (81-140) 111 (75-149)

Platelets, 109/L, median (range)‡ 163 (29-735) 184 (23-636) 174 (23-735) 145 (22-801) 173 (21-626) 160 (21-801)

Platelet count ,50 3109/L,
n (%)

4 (4) 9 (8) 13 (6) 8 (6) 7 (6) 15 (6)

ANC, 109/L, median (range)‡ 3.4 (0.6-15.6) 2.6 (0.5-9.6) 3.1 (0.5-15.6) 2.6 (0.3-15.9) 3.0 (0.6-9.1) 2.8 (0.3-15.9)

ANC ,1.0 3109/L, n (%) 4 (4) 8 (7) 12 (6) 3 (2) 10 (9) 13 (5)

WBC, 109/L, median (range) 5.3 (1.5-18.0) 4.5 (1.7-12.6) 4.9 (1.5-18.0) 4.6 (0.8-18.7) 4.5 (1.3-12.2) 4.5 (0.8-18.7)

ANC, absolute neutrophil count; CMML, chronic myelomonocytic leukemia; ECOG, Eastern Cooperative Oncology Group; HSCT, hematopoietic stem cell transplant; MDS,
myelodysplastic syndromes; WBC, white blood cell count; WHO, World Health Organization.

*4 patients were enrolled beyond the 4-month (plus or minus 7 days) inclusion window (protocol violations).

†Patients may have been accounted for in multiple categories.

‡Patients may have had multiple visits between screening and randomization. All patients met relevant eligibility criteria at their screening visit.

ORAL-AZA PROLONGS SURVIVAL INDEPENDENTLY OF MRD blood® 7 APRIL 2022 | VOLUME 139, NUMBER 14 2149

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/14/2145/1889594/bloodbld2021013404.pdf by guest on 19 M

ay 2023



41.3 months compared with 9.0 months for those who remained
MRD1 (n 5 159) (HR, 0.21 [95% CI, 0.14, 0.32]). Similarly,
median RFS was 20.4 months for MRD responders and 2.8
months for nonresponders (HR, 0.11 [95% CI, 0.07, 0.18]) (sup-
plemental Table 2).

Duration of MRD negativity was prolonged by
oral-AZA
Among all patients, the median total duration of MRD negativity
at any time on study was prolonged by 6 months with oral-AZA

vs placebo (11.0 vs 5.0 months, respectively) (Figure 3). Oral-
AZA prolonged the duration of MRD negativity vs placebo for
patients who were MRD2 at baseline (median 26.4 vs 10.4
months, respectively), and for those who were MRD1 at baseline
and achieved MRD2 status on study (ie, MRD responders
[median not reached vs 12.9 months]). The duration of MRD
negativity was not clearly impacted by the number of consolida-
tion cycles received (supplemental Figure 3). For the 178
patients who were MRD2 at any time on study and had a subse-
quent documented AML relapse, the median time between the

7.1 months

2.7 months

13.4 months

7.8 months

Oral-AZA vs. placebo:
    HR 0.71 [95% CI 0.52, 0.98]

Oral-AZA vs. placebo:
    HR 0.58 [95% CI 0.43, 0.78]
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Figure 1. Kaplan-Meier estimated overall survival and relapse-free survival with oral azacitidine vs placebo by baseline measurable residual disease status
(MRD1 or MRD2). (A) Overall survival; (B) Relapse-free survival.
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last MRD2 assessment and date of AML relapse was 91 days
(range, 1 to 428). Generally, longer aggregate duration of
MRD2 appeared to be associated with improved survival (sup-
plemental Figure 1).

Characteristics of MRD responders
Among all baseline MRD1 patients, the median proportion of
leukemic cells at baseline was 0.4%, and was the same for both
MRD responders (n 5 60) and those who remained MRD1 on
study (n 5 159). Median baseline MRD percent among MRD
responders was also the same (0.4%) in both the oral-AZA and
placebo arms (supplemental Figure 4). MRD responders re-
ceived a median of 3 total cycles of chemotherapy (induction
plus or minus consolidation) before study entry compared with 2
cycles for MRD1 nonresponders (supplemental Table 3), but the
difference was not statistically significant (P 5 .40). As a group,
MRD responders were more likely to have received consolida-
tion therapy before study entry than those who remained MRD1

on study (88% vs 75%, respectively; P 5 .04); only 7 of 60 MRD
responders (11.7%) did not receive consolidation after IC.
Accordingly, the time from first CR/CRi during induction to study
randomization was longer for MRD responders than nonres-
ponders (median, 86.5 vs 77.0 days, respectively; P 5 .011). For
patients who achieved an MRD response on study, there was no
clear association between the number of consolidation cycles
received or time since last dose of chemotherapy with time to
achievement of MRD response (Figure 2).

In multivariate analyses of factors associated with MRD response
within each treatment arm, there was a significant association
between a higher number of prestudy consolidation cycles and
attainment of an MRD response within the placebo arm (0 vs 1
vs 2 to 3; P 5 .0049), whereas MRD response in the oral-AZA
arm was independent of the number of prior consolidation
cycles (P 5 .45). Similarly, patients in the placebo arm were sig-
nificantly less likely to attain an MRD response if they had poor-
risk cytogenetics at diagnosis (P 5 .035), whereas cytogenetic
risk did not influence attainment of an MRD response in the
oral-AZA arm (P 5 .45) (supplemental Table 4). Conversely, pres-
ence of an NPM1 mutation at diagnosis was significantly

predictive of achieving an MRD response in the oral-AZA arm
(P 5 .0029) but not the placebo arm (P 5 .20). When including
treatment arm as a covariate in the model, oral-AZA was signifi-
cantly predictive of an MRD response compared with placebo
(P 5 .0033) independent of all other variables in the model.

Discussion
The strong adverse prognostic impact of MRD positivity after IC
has been established in retrospective studies and meta-analy-
ses,21,25 but prospective, longitudinal MRD assessments in con-
trolled trials of AML therapies have been scarce. The QUAZAR
AML-001 trial is the largest randomized clinical trial of a novel
agent to include prospective, long-term, central assessment of
MRD in older patients with AML in remission. Nearly one-half of
all patients enrolled in QUAZAR AML-001 were MRD1 at study
entry by MFC assessment, generally similar to rates previously
reported after AML treatment with IC.4,26,33 Of note, all
chemotherapy-related decisions, including the type and number
of cycles of induction and consolidation, were made before
study entry, and investigators were not informed about MRD
status during the study. Proportions of patients who received
consolidation therapy were similar between the overall baseline
MRD1 and MRD2 subgroups, as was the number of consolida-
tion cycles and the median total number of prior chemotherapy
cycles (induction plus or minus consolidation) received; thus, the
influence of prior chemotherapy on MRD status at baseline
remains unclear. Consistent with previous reports, the presence
of MRD during post-IC remission in the QUAZAR AML-001 study
was strongly correlated with shorter time to AML relapse and
poor survival, regardless of treatment assignment.4,22,26 In fact,
baseline MRD status was an even stronger independent predic-
tor of OS than randomized treatment in the multivariate analysis
(Table 3). Nonetheless, oral-AZA substantially improved survival
compared with placebo irrespective of baseline MRD status, and
the survival benefit with oral-AZA relative to placebo was greater
in the baseline MRD1 subgroup than in the MRD2 subgroup.
Multivariate analysis confirmed the significant independent treat-
ment effect of oral-AZA vs placebo on OS and RFS when con-
trolling for MRD status at baseline.

Table 3. Multivariate analyses of OS and RFS, with
baseline MRD status (MRD1 vs MRD2) and treatment
arm (oral azacitidine vs placebo) included as covariates

Parameter HR [95% CI] P value

Overall survival

Baseline MRD status 1.85 [1.49, 2.31] ,.0001

MRD1 vs MRD2

Treatment arm 0.74 [0.59, 0.92] .0067

Oral-AZA vs placebo

Relapse-free survival

Baseline MRD status 2.04 [1.65, 2.53] ,.0001

MRD1 vs MRD2

Treatment arm 0.63 [0.51, 0.78] ,.0001

Oral-AZA vs placebo

AZA, azacitidine; CI, confidence interval; HR, hazard ratio; MRD, measurable residual
disease; OS, overall survival; RFS, relapse-free survival.

Table 4. Achievement of MRD response (MRD2 at ≥2
consecutive assessments) among patients who were
MRD1 at baseline

Placebo Oral-AZA Placebo

MRD1 at baseline, N 103 116

MRD responders,* n (%) 38/103 (37) 22/116 (19)

OR [95% CI], Oral-AZA vs
placebo

2.50 [1.35, 4.61]

Time to MRD response,*† n (%)

#3 mo 22/38 (58) 15/22 (68)

.3 to #6 mo 7/38 (18) 6/22 (27)

.6 mo 9/38 (24) 1/22 (5)

AZA, azacitidine; CI, confidence interval; mo, months; MRD, measurable residual
disease; OR, odds ratio.

*MRD response was defined as patients where were MRD1 at baseline and became
MRD2 on treatment.

†Time from randomization.
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QUAZAR AML-001 is the first large randomized trial to show a
substantially increased conversion rate from MRD1 to MRD2

status with an active AML maintenance therapy: the rate of MRD
response in the oral-AZA arm (37%) was nearly twice that in the
placebo arm (19%), and median duration of MRD negativity on
study was more than doubled with oral-AZA (11 vs 5 months,
respectively). In multivariate analysis, oral-AZA was a significant
independent predictor of achieving MRD response compared
with placebo when controlling for cytogenetic risk and NPM1
status at diagnosis, number of consolidation cycles received,
and baseline MRD percent. For patients with detectable MRD at
baseline, achievement of MRD negativity (ie, MRD response)
during oral-AZA treatment was associated with significantly
improved survival. Although it seems intuitive that conversion

from MRD positivity to MRD negativity is desirable and should
correlate with better survival than sustained MRD positivity, this
had not previously been confirmed in a prospective trial.
Although the median time to MRD response was �2 months
from randomization, and the majority of MRD responders in
both treatment arms converted to MRD2 status within the first 6
months on study, approximately one-fourth of the MRD res-
ponders treated with oral-AZA achieved MRD negativity after
more than 6 months on study, suggesting a rationale for ongo-
ing maintenance therapy.

The relative impact of faster vs slower MRD responses on OS
and RFS is not clear. It is also unclear why there was a 19%
MRD response rate in the placebo arm. Hypothetically, this
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could be attributable to residual effects of prior chemotherapy,
but because the QUAZAR AML-001 trial is the first trial to collect
serial, postremission MRD samples in an intensively treated
older AML patient population, there is no benchmark of
expected postchemotherapy MRD conversion rate to which the
19% observed in the placebo arm can be compared. It is
unknown to what extent MRD conversion is intrinsic to a particu-
lar AML subtype (ie, a biological marker of chemotherapy sensi-
tivity) vs influenced by subsequent consolidation chemotherapy
and/or immunological factors. Also, in the QUAZAR AML-001
trial, patients were enrolled after they were already in remission
and had received (or not received) consolidation chemotherapy.
Thus, there are details related to the timing and doses of con-
solidation that are not available for consideration. In multivariate
analysis, MRD responders in the placebo arm were more likely
to have received a higher number of prestudy consolidation
courses, whereas number of prestudy consolidation cycles was
not significantly different among MRD responders in the oral-
AZA arm.

Among patients who were MRD1 at baseline, those who
achieved an MRD response during treatment were more likely
to have received any consolidation than nonresponders, but
there was no significant difference between MRD responders
and those who remained MRD1 in the total number of prestudy
chemotherapy cycles received. Also, among MRD responders,
there was no clear correlation between the time since last dose
of chemotherapy and time to achievement of MRD response on
study. Finally, the duration of MRD negativity did not appear to
be influenced by the number of prestudy consolidation cycles.
For these analyses, MRD assessment was performed at 3-month

intervals starting on cycle 3, day 1 (the first postbaseline MRD
assessment) to minimize the requirement for invasive bone mar-
row aspirate collection. Thus, median time to conversion from
MRD1 to MRD2 was at �60 days (ie, at approximately cycle 3,
day 1), and the median time between last MRD2 assessment
and relapse was estimated at �90 days (the duration between
postbaseline MRD sampling assessments). Given the strong
prognostic value of MRD status, less invasive approaches to
MRD determination are desirable, but at this time, MRD solely
from peripheral blood samples is not recommended.22

Though MRD detection in AML is rapidly evolving, with increas-
ingly sensitive and specific technologies, there is no single, per-
fect MRD test yet in AML.25 Currently, the ideal approach to
MRD detection may be to combine different testing modalities,
including MFC, next-generation sequencing, and PCR.34 Still,
mutation-specific sequencing approaches may not detect evolv-
ing, subclonal populations of cells lacking the known founder
mutation,22 and rare subpopulations of normal/transitory cells in
both bone marrow and peripheral blood may mimic MRD, com-
plicating MRD assessment with MFC.35 Longitudinal molecular
MRD assessments of patient samples in this study are currently
under investigation but are challenging because the QUAZAR
AML-001 trial included only patients in remission, a high propor-
tion of whom (53%) were MRD2 at baseline. Also, the trial
began in 2010, when it was not yet standard of care to obtain
comprehensive molecular genetic data at the time of AML diag-
nosis. Thus, customized platforms of deeper molecular detection
(high gene coverages exceeding 50003) and bioinformatics
methods are required to optimize data filtering to derive the
gene mutation calls. Importantly, irrespective of modality of
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assessment, it is clear that not all MRD2 AML patients remain in
remission, and not all MRD1 patients ultimately relapse. There is
strong momentum within the AML treatment community toward
developing internationally standardized MFC techniques (eg,
antibody panel size, sample handling, instrumentation, data col-
lection, leukemic stem cell identification) that may mitigate these
limitations and increase the usefulness and comparability of
MRD assessments.22,25,36

Overall, the longitudinal, MFC-based MRD analyses in QUAZAR
AML-001 showed that, compared with placebo, older patients
with AML in first remission who received maintenance treatment
with oral-AZA had improved OS and RFS independent of MRD
status at study entry were more likely to achieve MRD negativity
and had a longer overall duration of MRD negativity. Persistence
of MRD after IC was significantly and independently predictive
of inferior outcomes, even after controlling for randomized treat-
ment. Additional MRD assessments of QUAZAR AML-001 data
are ongoing and may offer further insights into the impact of
oral-AZA on suppression of residual leukemic clones in specific
patient populations.
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