
Survival outcomes with oral azacitidine maintenance in 
patients with acute myeloid leukemia in remission by 
receipt of initial chemotherapy: subgroup analyses from 
the phase III QUAZAR AML-001 trial

Oral azacitidine (Oral-AZA) is a hypomethylating agent ap-
proved for the treatment of adult patients with acute mye-
loid leukemia (AML) in first remission after intensive 
chemotherapy (IC).1,2 In the phase III, randomized, double-
blind, placebo-controlled QUAZAR AML-001 trial (clinical-
trials gov. identifier: NCT01757535), Oral-AZA significantly 
prolonged relapse-free survival (RFS) and overall survival 
(OS) compared with placebo in patients with AML in first 
complete remission (CR) or CR with incomplete blood 
count recovery (CRi) after IC (induction ± consolidation) 
who were not candidates for hematopoietic stem cell 
transplantation (HSCT).3 The primary goal of QUAZAR AML-
001 was to evaluate the effect of maintenance therapy with 
Oral-AZA for patients in remission after induction. While 
there were no protocol-specified criteria regarding prior 
chemotherapy used before study entry, including the use 
or number of consolidation cycles received, it is of clinical 
interest to assess whether the amount of pre-study 
chemotherapy may have influenced survival outcomes in 
this trial. Here, we present RFS and OS outcomes in patient 
subgroups defined by the use of consolidation and number 
of chemotherapy courses received prior to study entry.  
IC is the cornerstone of initial AML therapy for patients fit 
enough to receive it, and most patients achieve CR with in-
duction. Once in remission, patients may receive sub-
sequent consolidation chemotherapy, but the optimal 
number of consolidation cycles is not well-defined, es-
pecially for older patients. After IC, the primary therapeutic 
goals for patients with AML in remission who are not eligible 
for HSCT are to delay relapse and prolong survival. Until 
Oral-AZA, no agent studied in the remission maintenance 
setting had significantly prolonged both RFS and OS.1-8 
Study design and key eligibility criteria of QUAZAR AML-001 
have been reported in detail elsewhere.3 Briefly, eligible pa-
tients were aged ≥55 years with newly diagnosed AML in 
first remission after IC, had intermediate- or poor-risk 
cytogenetics (NCCN 2011 criteria9) and an Eastern Cooper-
ative Oncology Group performance status (ECOG PS) score 
≤3, and were HSCT-ineligible. Induction and consolidation 
regimens were administered at the discretion of the treat-
ing physician before study screening; trial eligibility was not 
contingent on the use of consolidation chemotherapy or 
amount of consolidation cycles received, but patients must 
have been screened for eligibility within 4 months of 

achieving initial CR/CRi during induction. Eligible patients 
were randomized 1:1 to Oral-AZA 300 mg or placebo once 
daily for 14 days per 28-day treatment cycle. Measurable 
residual disease (MRD) was assessed centrally via multi-
parameter flow cytometry, with a positivity threshold of 
0.1% in the bone marrow for aberrant cells (different from 
normal or leukemia aberrant phenotype). 
The primary trial endpoint was OS, defined as the time 
from randomization until death, and the key secondary 
endpoint was RFS, the time from randomization until re-
lapse or death. Comparisons of OS and RFS between Oral-
AZA and placebo within patient subgroups defined by use 
of consolidation therapy after induction (yes or no) were 
prospective exploratory endpoints in the trial protocol. Ad-
ditional post hoc analyses were performed to assess sur-
vival outcomes in subgroups defined by the number of 
consolidation courses received (0, 1, or ≥2) and total 
number of induction and consolidation cycles. Induction 
courses were defined as AML-directed chemotherapy 
regimens administered prior to the date of first CR/CRi re-
corded on the electronic case report form and consolida-
tion regimens were those given after that date.  
Survival endpoints were estimated using Kaplan-Meier 
methods and compared between treatment arms using ha-
zard ratios (HR) and 95% confidence intervals (CI) from 
stratified Cox proportional hazards models and P values 
from stratified log-rank tests. The post hoc survival ana-
lyses by number of consolidation cycles and total cycles of 
induction and consolidation were not sufficiently powered 
to determine statistically significant differences within or 
between treatment arms, precluding meaningful interpre-
tation of P values; HR point estimates and 95% CI in these 
subgroups are provided for informational purposes only. 
The data cutoff was performed in July 2019. 
The trial enrolled 472 patients (Oral-AZA 238, placebo 234) 
(Figure 1). Prior to enrollment, the most common agents 
used for induction and consolidation were cytarabine (99% 
and 80%, respectively), idarubicin (55% and 20%), and dau-
norubicin (33% and 8%); use of these agents was similar 
between the Oral-AZA and placebo arms. Most patients 
(80% [378/472]) received consolidation after induction, and 
use of consolidation was similar between treatment arms 
(Oral-AZA 78% [186/238], placebo 82% [192/234]) (Figure 1). 
Nearly half of the patients in the Oral-AZA (n=110 [46%]) and 
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Figure 1. Patient enrollment and prior chemotherapy details. *The ≥2 consolidations cohort included 19 patients (oral azacitidine 
[Oral-AZA] 6, placebo 13) who received 3 consolidation cycles. CR: complete remission; CRi: CR with incomplete blood count re-
covery.

placebo (n=102 [44%]) arms received one prior consolida-
tion, and 32% (n=76) and 38% (n=90) of patients, respect-
ively, received ≥2 prior consolidation cycles. The remaining 
20% of patients (n=94) did not receive consolidation, in-
cluding 52 patients (22%) in the Oral-AZA arm and 42 (18%) 
in the placebo arm. Baseline characteristics were generally 
similar among consolidation-defined subgroups within and 
between treatment arms (Online Supplementary Table S1). 
In both arms, patients who did not receive consolidation 
tended to be older than those who did. Rate of measurable 
residual disease (MRD) negativity at screening was similar 
between consolidation-defined cohorts within the Oral-AZA 
arm, whereas in the placebo arm, a larger proportion of pa-
tients who received consolidation were MRD-negative com-
pared with those who did not (50% vs. 36%, respectively).  
Oral-AZA significantly prolonged both RFS and OS from the 
time of randomization compared with placebo, regardless 
of whether patients received consolidation prior to study 
entry. For patients who did not receive consolidation, 
median RFS was prolonged with Oral-AZA by 4.5 months 
versus placebo (median 8.4 vs. 3.9 months, respectively; 
HR=0.58; 95% CI: 0.36-0.94; P=0.0258) and the estimated 
1-year RFS rate was 18.7% higher with Oral-AZA (40.8% vs. 
22.0%) (Figure 2A; Table 1). Oral-AZA also prolonged median 
OS in this subgroup by approximately 12 months compared 
with placebo (median 23.3 vs. 10.9 months, respectively; 
HR=0.54; 95% CI: 0.33-0.87; P=0.0103) and improved 1-year 

survival rate by 30.7% (71.2% vs. 40.5%) (Figure 2B; Table 1). 
For patients who did receive consolidation following initial 
induction, median RFS was prolonged more than 2-fold 
with Oral-AZA versus placebo - 10.2 versus 5.0 months, re-
spectively (HR=0.67; 95% CI: 0.53-0.85; P=0.001) - and 1-
year RFS rates were 45.9% and 28.6%, respectively (Figure 
2A; Table 1). Median OS was 24.7 months with Oral-AZA and 
15.4 months with placebo (HR=0.74; 95% CI: 0.58-0.94; 
P=0.0147) and estimated 1-year survival rates were 73.2% 
and 59.2%, respectively (Figure 2B; Table 1). Estimated 
median RFS was approximately twice as long with Oral-AZA 
compared with placebo in both the one consolidation and 
≥2 consolidation cohorts, and Oral-AZA increased 1-year 
survival rates in these cohorts by 17.3% and 19.6%, respect-
ively (Table 1). Oral-AZA nominally improved OS regardless 
of the number of prior consolidation cycles received (0, 1, 
or ≥2), with median OS estimates ranging from 21.0 to 28.6 
months in the Oral-AZA arm and 10.9 to 17.6 months in the 
placebo arm (Table 1). Intriguingly, median RFS appeared 
favorable for patients receiving Oral-AZA without any prior 
consolidation therapy (8.4 months), compared with pa-
tients receiving consolidation therapy but no maintenance 
in the placebo arm (5.0 months). Analogously, median OS 
was also longer for patients receiving Oral-AZA and no prior 
consolidation therapy (23.3 months), compared with pa-
tients receiving consolidation therapy but no maintenance 
treatment in the placebo arm (15.4 months). 
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Figure 2. Survival outcomes by prior consolidation chemotherapy use. Kaplan-Meier estimated (A) relapse-free survival (RFS) and 
(B) overall survival (OS) with oral azacitidine (Oral-AZA) vs. placebo by prior use of consolidation chemotherapy before study entry. 
RFS and OS estimates were derived using Kaplan-Meier methods and compared for Oral-AZA vs. placebo using a log-rank test. Ha-
zard ratio (HR) and 95% confidence interval (CI) were generated using a stratified Cox proportional hazards model. pts: patients.

A

B

Overall, 79% of patients (n=375) received a single induction 
course before achieving remission and 21% (n=97) received 
≥2 inductions (Figure 1). When accounting for total chemo-
therapy received before study entry (i.e., number of induc-
tion and consolidation courses), median RFS was 
numerically prolonged by 1.5 to 8.5 months with Oral-AZA 
versus placebo across all induction/consolidation cohorts 
(Online Supplementary Table S2). Patients who received a 
single induction followed by ≥2 cycles of consolidation ap-
peared to have the most favorable survival outcomes 
within each treatment arm, whereas the small subgroup of 
patients who received ≥2 courses of induction and no con-
solidation generally had poor outcomes, but sample sizes 
prevent meaningful interpretation.  

The overall safety profile of Oral-AZA was similar among 
consolidation groups and was aligned with the overall QUA-
ZAR population. No associations were found between the 
number of consolidation cycles received and Oral-AZA dose 
modifications (data not shown).  
As mentioned, the primary objective of the QUAZAR AML-
001 trial was to determine the efficacy of Oral-AZA as main-
tenance therapy subsequent to chemotherapy for patients 
already in remission. A broad assessment of the impact of 
consolidation therapy in the front-line management of AML 
is beyond the scope of this trial, and Oral-AZA is not meant 
to replace consolidation chemotherapy for patients who 
can receive it. Overall, Oral-AZA maintenance significantly 
prolonged both RFS and OS compared with placebo re-
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Oral-AZA 
N=238 

Placebo 
N=234

Difference, Oral-AZA vs. 
placebo, in months (95% CI) 

No consolidation, N (%) 52 (22) 42 (18)

RFS in months, median (95% CI) 8.4 (7.5-16.2) 3.9 (1.9-4.9) +4.5 (0.8-8.2)

Oral-AZA vs. placebo, HR (95% CI) 0.55 (0.34-0.88)

1 year RFS rate, 40.8 22.0 +18.7 (-0.6 to +38.1)

OS in months, median (95% CI) 23.3 (13.5-37.5)  10.9 (6.3-15.7) +12.4 (4.7-26.7)

Oral-AZA vs. placebo, HR (95% CI) 0.55 (0.34-0.89)

1-year OS rate, % 71.2 40.5 +30.7 (11.4-50.0)

Any consolidation,* N (%) 186 (78) 192 (82)

RFS in months, median (95% CI) 10.2 (7.7-13.1) 5.0 (4.6-7.3) +5.2 (2.7-7.6)

Oral-AZA vs. placebo, HR (95% CI) 0.69 (0.54-0.87)

1 year RFS rate, % 45.9 28.6 +17.3 (7.2-27.4)

OS in months, median (95% CI) 24.7 (17.9-31.0) 15.4 (12.9-21.0) +9.3 (3.4-15.2)

Oral-AZA vs. placebo, HR (95% CI) 0.76 (0.60-0.97)

1-year OS rate, % 73.2 59.2 +14.0 (4.5-23.6)

1 consolidation, N (%) 110 (46) 102 (44)

RFS in months, median (95% CI) 10.0 (7.4-11.7) 4.7 (4.0-7.4) +5.3 (2.2-8.3)

Oral-AZA vs. placebo, HR (95% CI) 0.72 (0.53-0.99)

1 year RFS rate, % 40.6 23.3 +17.3 (4.4-30.2)

OS in months, median (95% CI) 21.0 (16.7-30.5) 14.3 (11.7-18.0) +6.7 (0.1-13.3)

Oral-AZA vs. placebo, HR (95% CI) 0.75 (0.55-1.02)

1-year OS rate, % 68.8 59.2 +9.6 (-3.4 to +22.6)

≥2 consolidations, N (%) 76 (32) 90 (38)

RFS in months, median (95% CI) 13.0 (7.7-21.2) 6.1 (4.6-7.5) +6.9 (0.7-13.1)

Oral-AZA vs. placebo, HR (95% CI) 0.59 (0.41-0.87)

1 year RFS rate, % 54.1 34.5 +19.6 (3.7-35.4)

OS in months, median (95% CI) 28.6 (17.8-41.3) 17.6 (11.6-28.7) +11.0 (-0.1 to +22.1)

Oral-AZA vs. placebo, HR (95% CI) 0.75 (0.50-1.11)

1-year OS rate, % 80.0 59.2 +20.9 (7.0-34.8)

Table 1. Estimated relapse-free and overall survival with oral azacitidine versus placebo by number of consolidation cycles re-
ceived before study entry.

gardless of whether patients received consolidation after 
initial induction. With the caveat regarding small sample 
sizes and lack of statistical power, post hoc analyses in 
subgroups defined by number of consolidation cycles re-
ceived suggest that Oral-AZA may prolong RFS and OS 
compared with a “watch-and-wait” approach (emulated 
with placebo) for patients with AML in first remission after 
IC, independent of the number of induction and consoli-
dation courses received before beginning maintenance 
treatment. A previous analysis examining the relationship 
between survival outcomes and MRD in QUAZAR AML-001 
found that although patients with MRD responses (i.e., 
conversion from MRD-positive at baseline to MRD-
negative) were more likely to have received consolidation 
chemotherapy before study entry than those who re-
mained MRD-positive on-study, the number of chemo-
therapy cycles received before study entry was not 
significantly predictive of MRD response or duration on-

study with MRD-negative status.10 Overall, these findings 
indicate that intensive induction chemotherapy followed 
by Oral-AZA maintenance therapy is effective regardless 
of the amount of prior consolidation delivered, and rep-
resents an important component of therapy in patients 
with intermediate- or poor-risk AML in remission not can-
didates for HSCT.  

Authors 

Andrew H. Wei,1,2° Gail J. Roboz,3,4 Hervé Dombret,5,6 Hartmut 

Döhner,7 Andre C. Schuh,8 Pau Montesinos,9 Dominik Selleslag,10 

Sergey N. Bondarenko,11 Thomas Prebet,12 Yinzhi Lai,12 Barry Skikne,12,13 

C.L. Beach12 and Farhad Ravandi14  
 
1Department of Clinical Hematology, The Alfred Hospital, Melbourne, 

*Includes patients in the 1 consolidation and ≥2 consolidations cohorts. CI: confidence interval; HR: hazard ratio; Oral-AZA: oral azacitidine; 
OS: overall survival; RFS: relapse-free survival.

 Haematologica | 108 - October 2023   
2823

LETTER TO THE EDITOR



Victoria, Australia; 2Australian Center for Blood Diseases, Monash 

University, Melbourne, Victoria, Australia; 3Weill Cornell Medicine, New 

York, NY, USA; 4New York Presbyterian Hospital, New York, NY, USA; 
5Hematology, Hôpital Saint-Louis, Assistance Publique – Hôpitaux de 

Paris (AP-HP), Paris, France; 6Institut de Recherche Saint-Louis, 

Université Paris Cité, Paris, France; 7Department of Internal Medicine 

III, Ulm University Hospital, Ulm, Germany; 8Princess Margaret Cancer 

Center, Toronto, Ontario, Canada; 9Hospital Universitario y Politécnico 

La Fe, Valencia, Spain; 10AZ Sint-Jan Brugge-Oostende AV, Bruges, 

Belgium; 11RM Gorbacheva Research Institute, Pavlov University, St. 

Petersburg, Russia; 12Bristol Myers Squibb, Summit, NJ, USA; 
13University of Kansas Cancer Center, Kansas City, KS, USA and 
14Department of Leukemia, The University of Texas MD Anderson 

Cancer Center, Houston, TX, USA 

 

°Current address 
Department of Clinical Hematology, Peter MacCallum Cancer Center 
and Royal Melbourne Hospital, Melbourne, Vicoria, Australia. 
 

Correspondence: 

A.H. WEI - andrew.wei@petermac.org 

 

https://doi.org/10.3324/haematol.2022.282296 

 

Received: October 25, 2022. 

Accepted: March 16, 2023. 

Early view: March 23, 2023. 
 

©2023 Ferrata Storti Foundation 

Published under a CC BY-NC license  

 

Disclosures 

BS and CLB were employed by Bristol Myers Squibb at the time the 

study was conducted. AHW has served on advisory boards for 

AbbVie, Agios, Amgen, Celgene/Bristol Myers Squibb, Gilead, 

Janssen, MacroGenics, Novartis, Pfizer, Roche, and Servier; has 

received research funding to his institution from AbbVie, Amgen, 

AstraZeneca, Celgene/Bristol Myers Squibb, Novartis, and Servier; 

has served on a speakers bureau for AbbVie, Celgene, and Novartis; 

and is eligible for royalty payments from the Walter and Eliza Hall 

Institute of Medical Research related to venetoclax. GJR reports 

receiving research support from Janssen and has served in an 

advisory position for AbbVie, Agios, Amgen, Astellas, AstraZeneca, 

Bluebird Bio, Blueprint Medicines, Bristol Myers Squibb, Catamaran, 

Celgene, Glaxo SmithKline, Helsinn, Janssen, Jasper Therapeutics, 

Jazz Pharmaceuticals, Mesoblast, Novartis, Pfizer, Roche, Syndax, 

and Takeda (IRC Chair). HDo reports receiving honoraria from Incyte 

and Servier. HDö has served in a consultancy position for AbbVie, 

Agios, Amgen, Astellas, Berlin-Chemie, Bristol Myers Squibb, Daiichi 

Sankyo, Gilead, Janssen, Jazz Pharmaceuticals, Novartis, Servier, 

and Syndax; reports receiving research funding from AbbVie, Agios, 

Amgen, Astellas, Bristol Myers Squibb, Jazz Pharmaceuticals, 

Kronos Bio, Novartis, and Pfizer; and reports receiving honoraria 

from AbbVie, Agios, Amgen, Astellas, AstraZeneca, Berlin-Chemie, 

Bristol Myers Squibb, Daiichi Sankyo, Gilead, Janssen, Jazz 

Pharmaceuticals, Novartis, Servier, and Syndax. ACS has served on 

an advisory committee for AbbVie, Agios, Amgen, Astellas, Bristol 

Myers Squibb, Jazz, Pfizer, Teva, and Servier; reports receiving 

research funding from AbbVie, Agios, Amgen, Astellas, Bristol Myers 

Squibb, GlycoMimetics, Kite/Gilead, Pfizer, and Servier; and reports 

receiving honoraria from AbbVie, Agios, Amgen, Astellas, Bristol 

Myers Squibb, Pfizer, Teva, and Servier. PM has served in a 

consultancy position for Menarini/Stemline, Gilead, Otsuka, Kura 

Oncology, AbbVie, Bristol Myers Squibb, Novartis, Jazz 

Pharmaceuticals, BeiGene, Astellas, Pfizer, Incyte, Takeda, Ryvu, and 

Nerviano; reports receiving research funding from AbbVie, Bristol 

Myers Squibb, Jazz Pharmaceuticals, Menarini/Stemline, Novartis, 

Pfizer, and Takeda; and has served on a speakers bureau for AbbVie, 

Astellas, Bristol Myers Squibb, Gilead, Jazz Pharmaceuticals, and 

Pfizer. DS reports receiving grants or contracts, honoraria, 

consulting fees, and travel support from AbbVie, Bristol Myers 

Squibb, Novartis, and Pfizer; and has served in a leadership role for 

the Belgian College for Reimbursement of Orphan Drugs. TP reports 

employment and stock ownership with Bristol Myers Squibb. YL 

reports employment with Bristol Myers Squibb and Eli Lilly stock 

ownership. BS reports prior employment with Celgene/Bristol Myers 

Squibb. CLB reports prior employment and stock ownership with 

Bristol Myers Squibb. FR reports receiving research funding from 

Amgen, Astellas, Astex/Taiho, Biomea Fusion, Celgene/Bristol Myers 

Squibb, Prelude, Syros, and Xencor; and honoraria from AbbVie, 

Astellas, AstraZeneca, Celgene/Bristol Myers Squibb, Novartis, and 

Syros. AstraZeneca, Celgene/Bristol Myers Squibb, Novartis, and 

Syros. 

 

Contributions 

The sponsors collected and analyzed data in conjunction with all 

authors. AHW wrote the first draft of the manuscript. All authors 

revised the manuscript and reviewed and approved the final version 

for submission. 

 

Acknowledgments 

The authors would like to thank the patients, families, investigators, 

staff, and clinical study teams who participated in the QUAZAR 

AML-001 trial.  

 

Funding 

Writing and editorial support was provided by Korin Albert, PhD, of 

Excerpta Medica, funded by Bristol Myers Squibb. The study was 

sponsored by Bristol Myers Squibb. 

 

Data-sharing statement 

Bristol Myers Squibb policy on data sharing may be found at 

https://www.bms.com/researchers-and-partners/independent-

research/data-sharing-request-process.html.

 Haematologica | 108 - October 2023   
2824

LETTER TO THE EDITOR



References

   1. Celgene Corporation. ONUREG® (azacitidine tablets) prescribing 
information. https://www.accessdata.fda.gov/drugsatfda_docs/ 
label/2020/214120s000lbl.pdf Revised September 2020. 
Accessed September 22, 2022. 

  2. European Medicines Agency, Committee for Medicinal Products 
for Human Use. ONUREG® (azacitidine). https://www.ema. 
europa.eu/en/documents/smop-initial/chmp-summary-positive-
opinion-onureg_en.pdf. Accessed September 22, 2021. 

  3. Wei AH, Döhner H, Pocock C, et al. Oral azacitidine maintenance 
therapy for acute myeloid leukemia in first remission. N Engl J 
Med. 2020;383(26):2526-2537. 

  4. Palva IP, Almqvist A, Elonen E, et al. Value of maintenance 
therapy with chemotherapy or interferon during remission of 
acute myeloid leukaemia. Eur J Haematol. 1991;47(3):229-233. 

  5. Huls G, Chitu DA, Havelange V, et al. Azacitidine maintenance 
after intensive chemotherapy improves DFS in older AML 
patients. Blood. 2019;133(13):1457-1464. 

  6. Blum W, Sanford BL, Klisovic R, et al. Maintenance therapy with 
decitabine in younger adults with acute myeloid leukemia in 
first remission: a phase 2 Cancer and Leukemia Group B Study 
(CALGB 10503). Leukemia. 2017;31(1):34-39. 

   7. Lowenberg B, Suciu S, Archimbaud E, et al. Mitoxantrone versus 

daunorubicin in induction-consolidation chemotherapy-the 
value of low-dose cytarabine for maintenance of remission, and 
an assessment of prognostic factors in acute myeloid leukemia 
in the elderly: final report. European Organization for the 
Research and Treatment of Cancer and the Dutch-Belgian 
Hemato-Oncology Cooperative Hovon Group. J Clin Oncol. 
1998;16(3):872-881. 

  8. Lowenberg B, Beck J, Graux C, et al. Gemtuzumab ozogamicin 
as postremission treatment in AML at 60 years of age or more: 
results of a multicenter phase 3 study.  
Blood. 2010;115(13):2586-2591. 

  9. National Comprehensive Cancer Network Clinical Practice 
Guidelines in Oncology for Acute Myeloid Leukemia. National 
Comprehensive Cancer Network website. 
http://www.nccn.org/professionals/physician_gls/PDF/aml.pdf. 
Accessed 01 Mar 2011. 

 10. Roboz GJ, Ravandi F, Wei AH, et al. Oral azacitidine prolongs 
survival of patients with AML in remission independently of 
measurable residual disease status. Blood.  
2022;139(14):2145-2155. 

 Haematologica | 108 - October 2023   
2825

LETTER TO THE EDITOR




