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Abstract
Intensive chemotherapy (IC) is commonly used to achieve remission in patients with acute myeloid leukemia (AML). 
Venetoclax plus azacitidine (VEN-AZA) is FDA-approved to treat patients with AML aged ≥ 75 years or who are ineligible 
for IC. This retrospective analysis used de-identified electronic health records from the US-based Flatiron Health database 
from patients diagnosed 11/21/2018 to 10/31/2021 to compare treatment outcomes with VEN-AZA vs. IC. Patients were 
1:1 propensity score-matched ( N = 276 ). Assessments included rates of complete remission (CR) and hematopoietic stem 
cell transplant (HSCT), overall survival (OS), and relapse-free survival (RFS). CR and HSCT rates were higher with IC than 
with VEN-AZA (60.9% vs. 44.2% [P = 0.006] and 18.1% vs. 8.0% [P = 0.012], respectively). Median OS was 17.7 months in 
patients treated with IC and 11.3 months with VEN-AZA without censoring (P = 0.278) and 13.7 vs. 10.6 months, respec-
tively, with censoring at HSCT (P = 0.584). Median RFS was 12.0 months in patients treated with IC vs. 9.5 months with 
VEN-AZA without censoring (P = 0.431) and 6.4 vs. 7.4 months, respectively, with censoring at HSCT (P = 0.444). No OS 
or RFS differences observed between the two arms reached statistical significance. Randomized controlled trials comparing 
the two approaches are warranted, as are novel approaches to reduce relapse rates following CR.
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Introduction

Many patients with newly diagnosed acute myeloid leukemia 
(ND-AML) achieve remission with intensive chemotherapy 
(IC) regimens, followed by hematopoietic stem cell transplant 
(HSCT); however, the relapse rate is high [1]. Venetoclax 
(VEN), a BCL2 inhibitor, in combination with azacitidine 
(AZA), a hypomethylating agent, is approved to treat older/
unfit patients with ND-AML [2–4]. In the landmark VIALE-A  

trial, combination VEN plus AZA (VEN-AZA) was supe-
rior to AZA alone with respect to response rates and over- 
all survival (OS) [4]. Despite the approval of VEN-AZA  
for a population that is “unfit” for IC, many older adult 
patients, or those with adverse biology, may be reason- 
able candidates for either treatment alone [5]. Therefore,  
it is important to understand the VEN-AZA patterns of 
use relative to IC in adult patients with ND-AML treated  
in clinical practice. The objective of this analysis was to 
describe the clinical outcomes achieved with IC (induction 
with or without consolidation) or VEN-AZA as first-line 
therapy for ND-AML.

Methods

Data source and study design

This retrospective study used patient data from the Nation-
wide Flatiron Health electronic medical record (EHR)-derived 
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de-identified database, which sources data from > 2500 oncolo-
gists/hematologists and > 280 cancer clinics representing ≥ 2.2 
million cancer patients treated in > 800 community and aca-
demic sites. Data were derived from structured (i.e., captured 
directly in the EHR) and unstructured (i.e., non-standardized, 
such as physician’s notes or pathology reports) sources and 
externally sourced mortality data.

Eligible patients were aged ≥ 18 years, had ND-AML, and 
received first-line treatment with VEN-AZA or IC between 
November 21, 2018, and October 31, 2021. First-line ther-
apy was classified as VEN-AZA if it comprised VEN plus 
AZA only prior to remission and as IC if the treatment was 
chemotherapy-based (full list in Supplementary Table 1). 
Patients diagnosed with acute promyelocytic leukemia or 
those who participated in a clinical trial during the follow-up 
period were excluded (Supplementary Fig. 1). Data collec-
tion began on cycle 1 day 1 in both treatment groups.

Primary outcomes included rates of complete remission 
(CR; determined as ≤ 5% blasts in the bone marrow (BM), 
irrespective of blood count recovery, based on available 
data) and HSCT at any time among patients with a remis-
sion, OS (time from first-line treatment to death), relapse-
free survival (RFS; time from first-line treatment to relapse 
or death), and OS and RFS after censoring at HSCT.

Propensity‑score matching

To address potential confounding due to large differences 
in baseline characteristics, the VEN-AZA and IC cohorts 
were propensity-score matched in a 1:1 ratio using nearest-
neighbor matching with calipers set to 0.005. A multivari-
ate logistic regression model was used to create the covari-
ates to be matched, resulting in balancing the probability 
of receiving one or the other treatment and thus mimick-
ing the baseline randomization achieved in a randomized 
controlled trial (RCT). Patients with missing values were 
imputed using a multiple imputation by chained equations 
algorithm. Covariates (at date of diagnosis [index]) were 
age, sex, race/ethnicity, US geographical region, Charlson 
comorbidity index, Eastern Cooperative Oncology Group 
performance status, body mass index, cytogenetic risk cat- 
egory (physician-assessed), white blood cell count > 25,000/μL,  
whether AML was secondary to myelodysplastic/myelopro-
liferative diseases (yes or no/unknown), whether AML was 
treatment-related (yes or no), and whether AML was diag- 
nosed as mixed-phenotype acute leukemia (yes or no).

Statistical analysis

Categorical variables were compared using a chi-square or 
Fisher’s exact test; continuous values were compared using a 
t-test or Mann–Whitney U test. Time-to-event data were esti-
mated using Kaplan–Meier methods, with cohorts compared 

using log-rank tests. Univariate Cox regression analysis was 
used to investigate possible treatment-associated influences 
on OS and RFS in patient subgroups.

Results

In total, 1209 patients met the selection criteria and 276 
were propensity-score matched (138 patients per treatment 
group; Supplementary Fig. 1). Propensity-score matched 
cohorts were well balanced for all variables analyzed (Sup-
plementary Table 2). Patients treated with VEN-AZA gen-
erally received their initial post–first-line BM assessment 
later than those treated with IC (35% vs. 68% of patients, 
respectively, had their first BM assessment within 1 month 
of first-line therapy (Supplementary Fig. 2)).

Reported CR rates were significantly higher with IC 
(84/138 [60.9%]) than with VEN-AZA (61/138 [44.2%]; 
P = 0.006; Supplementary Fig. 3). Among patients in remis-
sion, rates of HSCT were higher with IC (25/138 [18.1%]) 
than with VEN-AZA (11/138 [8.0%]; P = 0.012).

Median OS was 17.7 months with IC and 11.3 months 
with VEN-AZA overall (P = 0.278; Fig. 1A) and 13.7 and 
10.6 months, respectively, with censoring at HSCT (P = 0.584; 
Fig. 1B). Median RFS was 12.0 months with IC and 9.5 months 
with VEN-AZA overall (P = 0.431; Fig.  1C) and 6.4 and 
7.4 months, respectively, with censoring at HSCT (P = 0.444; 
Fig. 1D). The OS and RFS differences observed between the 
two arms were not statistically significant.

In univariate subgroup analyses of the matched patient 
populations, OS benefit was observed with IC in patients 
with favorable/intermediate cytogenetic risk, de novo AML, 
or lactate dehydrogenase (LDH) levels < 200 U/L (Fig. 2A). 
RFS benefit was observed with IC in patients with no high-
risk mutations or with LDH levels < 200 U/L (Fig. 2B). OS 
and RFS benefit were observed with VEN-AZA in patients 
with a TP53 mutation and in those aged ≥ 75 years (Fig. 2A, 
B). There were no statistically significant differences in high-
risk mutation frequency (RUNX1, ASXL1, or TP53) between 
the matched treatment groups (P = 0.232) (Supplementary 
Table 3), although these data were missing for nearly 60% 
of patients and were not included in the matching process.

Discussion

In this real-world analysis of clinical practice treatment for 
patients with ND-AML, the slight differences between OS 
or RFS observed between patients treated with VEZ-AZA 
or IC did not reach statistical significance. The results did  
indicate that patients treated with IC achieved CR and 
received subsequent HSCT more frequently than those  
treated with VEN-AZA. The substantial delay in BM 
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assessment in patients treated with VEN-AZA may have 
contributed to the lower rates of CR reported with this  
regimen.

In this analysis, HSCT rates were lower than expected 
based on clinical standards, particularly in the IC group. 
This may be due, in part, to the advanced age of the 
matched population in this cohort (median, 69 years). 
Because VEN-AZA is approved for patients who are ineli-
gible for IC or aged ≥ 75 years, propensity-score matching  
may have selected patients in the IC group who were less 
likely to receive HSCT, possibly due to poor health or 
comorbidities after induction.

Despite higher initial CR rates, both OS and RFS were 
not significantly different with IC vs. VEN-AZA, suggesting 
novel interventions to reduce relapse among patients treated 
with IC could be an important part of improving OS.

A limitation of this analysis was its observational nature, 
with increased potential for confounding and treatment selec-
tion bias compared with RCTs. Propensity-score matching was 

performed to offset this bias, but confounding or unknown 
differences in predictive or prognostic variables may have per-
sisted. Additionally, given that real-world data are collected 
through EHR extraction, data may be incomplete, and conclu-
sions must be interpreted with caution. Finally, the Flatiron 
Health EHR-derived de-identified database does not track the 
number of induction/consolidation cycles patients receive. 
However, this study was strengthened by including many dif-
ferent treatment regimens used in real-world clinical practice.

Conclusion

In this retrospective analysis to compare treatment outcomes 
with VEN-AZA vs. IC, no OS or RFS differences observed 
between the two arms reached statistical significance. Given 
the low rate of HSCT observed, further research is necessary 
to improve survival outcomes. This includes understand-
ing the impact of maintenance therapy such as oral AZA 
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Fig. 1   Kaplan–Meier analysis of OS and RFS in propensity-score 
matched patients with and without censoring at HSCT. A OS in all 
patients. B OS in patients after censoring at HSCTa. C RFS in all 
patients. D RFS in patients after censoring at HSCTb. aA total of 30 
patients treated with IC and 12 treated with VEN-AZA were censored 

at HSCT. bFor this comparison, 25 patients treated with IC and 12 
with VEN-AZA were censored at HSCT. HSCT, hematopoietic stem 
cell transplant; IC, intensive chemotherapy; OS, overall survival; 
RFS, relapse-free survival; VEN-AZA, venetoclax plus azacitidine 
combination therapy
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Fig. 2   OS and RFS in patient 
subgroups. A OS. B RFS. 
Dashed line represents overall 
HR. CCI, Charlson comorbidity 
index; CI, confidence interval; 
HR, hazard ratio; IC, intensive 
chemotherapy; LDH, lactate 
dehydrogenase; MDS/MPD, 
myelodysplastic/myeloprolif-
erative diseases; OS, overall 
survival; RFS, relapse-free 
survival; VEN-AZA, venetoclax 
and azacitidine combination 
therapy
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to prolong OS and RFS in patients with AML in remission 
who do not undergo HSCT [6].

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00277-​023-​05109-5.

Acknowledgements  Writing and editorial assistance were provided by 
David M. Jensen, PhD, Wendy Sacks, PhD, and Michele Salernitano 
of Ashfield MedComms, an Inizio company, funded by Bristol Myers 
Squibb. For questions, please visit: www.​globa​lbmsm​edinfo.​com.

Author contribution  A.Z., D.P., U.B., A.V., R.P., D.R., L.G., and C.C. 
contributed to the conception and design of the paper; CC performed 
data acquisition; R.P., D.R., Z.K., and C.C. analyzed the data; and 
A.Z., D.P., U.B., A.V., R.P., D.R., Z.K., L.G., T.P., M.S., G.B., and 
C.C. interpreted the data. All authors contributed to and approved the 
manuscript.

Funding  This study was supported by Bristol Myers Squibb (Prince-
ton, NJ).

Data availability  The Bristol Myers Squibb policy on data sharing 
may be found at https://​www.​bms.​com/​resea​rchers-​and-​partn​ers/​indep​
endent-​resea​rch/​data-​shari​ng-​reque​st-​proce​ss.​html.

Declarations 

Ethics approval  This article contains study data derived from the Flati-
ron Health longitudinal EHR-derived database. The databases used in 
the study are de-identified and compliant with the Health Insurance 
Portability and Accountability Act of 1996 (HIPAA). This article does 
not contain any studies with human participants or animals performed 
by any of the authors.

Conflict of interest  AMZ has worked in a consulting/advisory role for, 
received honoraria from, and provided expert testimony for AbbVie, 
Acceleron, Agios, Amgen, Aprea, Astellas, BeyondSpring, Boehring-
er Ingelheim, Bristol Myers Squibb, Cardiff Oncology, Cardinal 
Health, Celgene, Daiichi Sankyo, Epizyme, Geron, Gilead, Incyte, 
Ionis, Janssen, Jazz, Kura, Novartis, Otsuka, Pfizer, Seattle Genetics, 
Syndax, Taiho, Takeda, Trovagene, and TYME; has received travel/ac-
commodations/expenses support from Cardiff Oncology, Novartis, and 
Pfizer; has provided leadership or fiduciary role in other board, society, 
committee or advocacy group for AbbVie, Bristol Myers Squibb, Cel-
gene, Geron, Gilead, Kura, and Novartis; and has received research/
grant support from AbbVie, ADC Therapeutics, Amgen, Aprea, As-
tex, AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb, Car-
diff Oncology, Celgene, Incyte, MedImmune, Novartis, Otsuka, Pfizer, 
Takeda, and Trovagene. DAP has received research/grant support from 
AbbVie and has worked in a consulting/advisory role for AbbVie and 
Genentech. UB has participated in a data safety monitoring or advisory 

board for AbbVie, Agios, Astellas Takeda, Blueprint, Kura, Novartis, 
and Servier; has received honoraria from RUNXI Foundation; and has 
received research support from AbbVie, Incyte, and Jazz. AV and LG 
are employees of Bristol Myers Squibb. RP, DR, and ZK are employed 
by SmartAnalyst, which received support from BMS for conducting 
this study. TP, CC, MS, and GB are employees of and hold stock in 
Bristol Myers Squibb.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Talati C, Sweet K (2018) Recently approved therapies in acute 
myeloid leukemia: a complex treatment landscape. Leuk Res 
73:58–66. https://​doi.​org/​10.​1016/j.​leukr​es.​2018.​09.​001

	 2.	 US Food & Drug Administration (FDA) website (2018) FDA 
approves venetoclax in combination for AML in adults. https://​
www.​fda.​gov/​drugs/​fda-​appro​ves-​venet​oclax-​combi​nation-​aml-​
adults. Accessed 24 February 2022.

	 3.	 Wei AH, Strickland SA, Hou J-Z et al (2019) Venetoclax com-
bined with low-dose cytarabine for previously untreated patients 
with acute myeloid leukemia: results from a phase Ib/II study. J 
Clin Oncol 37:1277–1284. https://​doi.​org/​10.​1200/​JCO.​18.​01600

	 4.	 DiNardo CD, Jonas BA, Pullarkat V et al (2020) Azacitidine and 
venetoclax in previously untreated acute myeloid leukemia. N 
Engl J Med 383:617–629. https://​doi.​org/​10.​1056/​NEJMo​a2012​
971

	 5.	 Cherry EM, Abbott D, Amaya M et al (2021) Venetoclax and 
azacitidine compared with induction chemotherapy for newly 
diagnosed patients with acute myeloid leukemia. Blood Adv 
5:5565–5573. https://​doi.​org/​10.​1182/​blood​advan​ces.​20210​05538

	 6.	 Wei AH, Döhner H, Pocock C et al (2020) Oral azacitidine main-
tenance therapy for acute myeloid leukemia in first remission. N 
Engl J Med 383:2526–2537. https://​doi.​org/​10.​1056/​NEJMo​a2004​
444

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00277-023-05109-5
http://www.globalbmsmedinfo.com
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.leukres.2018.09.001
https://www.fda.gov/drugs/fda-approves-venetoclax-combination-aml-adults
https://www.fda.gov/drugs/fda-approves-venetoclax-combination-aml-adults
https://www.fda.gov/drugs/fda-approves-venetoclax-combination-aml-adults
https://doi.org/10.1200/JCO.18.01600
https://doi.org/10.1056/NEJMoa2012971
https://doi.org/10.1056/NEJMoa2012971
https://doi.org/10.1182/bloodadvances.2021005538
https://doi.org/10.1056/NEJMoa2004444
https://doi.org/10.1056/NEJMoa2004444

	Venetoclax plus azacitidine compared with intensive chemotherapy as induction for patients with acute myeloid leukemia: retrospective analysis of an electronic medical record database in the United States
	Abstract
	Introduction
	Methods
	Data source and study design
	Propensity-score matching
	Statistical analysis

	Results
	Discussion
	Conclusion
	Anchor 11
	Acknowledgements 
	References


