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Abstract: Acute myeloid leukemia (AML) is predominantly a disease of the elderly, and a significant proportion of these patients are not 
candidates for intensive, curative-intent therapies. Epigenetic dysregulation resulting in abnormal DNA hypermethylation is one of the 
hallmarks of AML pathogenesis. For the past two decades, hypomethylating agents including azacitidine (AZA) have been the mainstay of 
treatment for AML patients who are ineligible to receive intensive chemotherapies. As our understanding of AML disease biology has 
improved, several novel treatment combinations have been developed to improve the outcome of AML patients, with remarkable success. 
A considerable proportion of these novel combinations have utilized AZA as the backbone of their treatment scheme. In this review, we 
have highlighted the evolution of AML treatment, focusing on novel AZA-based treatment combinations and their clinical efficacy. 
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Introduction
Acute myeloid leukemia (AML) is a heterogeneous disorder characterized by clonal expansion of myeloid progenitors in the bone 
marrow, peripheral blood, or other tissues.1–3 Conventional therapy for AML is composed of induction chemotherapy with 
cytarabine and anthracycline-containing regimens, followed by consolidation therapy to prolong remission.4 A long-term 
response with these regimens is achieved in 30–40% of adults who are 60 years of age or younger.5 Although effective, this 
approach may be poorly tolerated, with a higher risk of induction mortality in patients with comorbidities, poor performance 
status, or advanced age.4 Historically, when used in patients older than 60 years of age, “7+3” chemotherapy has resulted in 5-year 
survival rates of less than 10%.5,6 Taking into account significant toxicity and poor outcomes with intensive chemotherapy (IC), 
older patients with comorbidities are often selected to receive lower intensity regimens with hypomethylating agents (HMAs), 
such as azacitidine (AZA) or decitabine.4 A large Surveillance, Epidemiology, and End Results–Medicare (SEER) database study 
identified 2263 older adults (age ≥66 years) diagnosed with AML during 2005–2015 who received a first-line HMA; 1154 (51%) 
patients received AZA. The median survival was 7.1 months compared to the historical 2.7 months of survival without any 
therapy.7 The inclusion of HMA therapy into the AML armamentarium represents an important expansion in treatment options for 
older and unfit patients with AML.8 Moreover, with the approval of the B-cell lymphoma-2 (BCL2) inhibitor venetoclax and 
several targeted agents in combination with AZA over the past few years, the AML therapeutic landscape continues to evolve 
towards more individualized therapy, necessitating careful patient selection and optimization of combination therapies.9 This 
review discusses studies evaluating the clinical utility of AZA-based treatments for the management of AML, focusing on patient 
selection and clinical outcomes.

Azacitidine
Mechanism of Action and Pharmacology
Hypermethylation of the tumor suppressor gene and the resulting epigenetic silencing is one of the main events leading to 
pathogenesis of myeloid malignancies.10 AZA is a pyrimidine nucleoside analogue of cytidine that can be 
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incorporated directly into RNA, with subsequent disruption of RNA, protein synthesis, and metabolism.11 It is 
incorporated into DNA to a lesser extent, where it covalently binds to DNA methyltransferases and targets them for 
degradation. DNA synthesis in the absence of methyltransferases results in the hypomethylation of daughter cells and 
reactivation of silenced gene expression.12,13 Subsequently, in landmark studies, AZA (a DNA methyltransferase 
inhibitor) has demonstrated restoration of tumor suppressor gene function and differentiation of cells in patients with 
myelodysplastic syndrome (MDS) and AML.14

AZA is available for intravenous (IV) and subcutaneous (SC) administration, with comparable bioavailability 
between IV and SC administration.15 In vitro, studies have shown that AZA is not metabolized by the cytochrome 
P450 enzyme, uridine diphosphate, or glutathione transferase. Rather, it undergoes deamination by cytidine deaminase 
and it is mainly excreted by the kidneys.16 There is a sparsity of data regarding the use of AZA in patients with hepatic or 
renal impairment; however, no difference was observed in pharmacokinetics after AZA administration in patients with 
renal insufficiency versus those with normal renal function.16

Clinical Data
Azacitidine as a Single Agent
AZA is often used for patients with high-risk MDS and AML who are ineligible for IC. In 1984, the Cancer and 
Leukemia Group B (CALGB) began a series of clinical trials with AZA in patients with MDS and AML.17 The patients 
enrolled in three CALGB protocols (8421, 8921, and 8921) were analyzed to compare outcomes between AZA and best 
supportive care (BSC).17 The study showed higher response rates and prolonged time to AML transformation/death with 
AZA compared to BSC.12 Based on this and other observations showing the effectiveness of AZA in achieving 
transfusion independence and improvement in overall survival (OS),18 the US Food and Drug Administration (FDA) 
approved AZA for the treatment of MDS in 2004. In these studies, MDS was defined using the French–American–British 
(FAB) classification, which included patients with 20–30% bone marrow (BM) blasts, who are now classified by the 
World Health Organization (WHO) as having AML.19 One of the earliest clinical trials evaluating the use of AZA in 
MDS, which also included AML patients, was the AZA-001 trial, a phase III international, multicenter, controlled, open- 
label trial, where patients with higher-risk MDS were randomly assigned to receive either AZA (75 mg/m2 per day for 7 
days every 28 days) or a conventional care regimen (CCR), including BSC, low-dose cytarabine, or IC, as selected by the 
investigators before randomization). After a median follow-up of 21.1 months, the median OS was 24.5 months with 
AZA compared to 15.0 months with CCR (hazard ratio [HR] 0.58, 95% confidence interval [CI] 0.43–0.77; p=0.0001). 
Cytopenias were the most common grade 3–4 adverse events for all treatments.20 Based on the promising results in this 
subset of MDS (BM blast ≥20%) patients, two phase III trials were conducted in AML.21,22 Fenaux et al conducted 
a randomized study on 113 elderly AML patients (AZA [n=55] vs CCR [n=58]) with low BM blast counts (20–30%).22 

The median age of the patients was 70 years and 86% of them were considered unfit to receive IC. At the median follow- 
up of 20.1 months, the median OS for AZA-treated patients was 24.5 months compared with 16.0 months for patients 
treated with CCR (HR 0.47, 95% CI 0.28–0.29; p=0.005). The 2-year OS rates were higher in the AZA group than in the 
CCR group in patients who were deemed unfit for IC.22 Second, Dombret et al conducted the AZA-AML-001 trial, 
a multicenter, randomized, open-label, phase III trial evaluating the safety and efficacy of AZA vs CCR in 488 patients 
aged ≥65 years with treatment-naïve (TN) AML with >30% BM blasts.21 Thus, 241 patients were assigned to the AZA 
group (75 mg/m2 SC for 7 consecutive days in 28-day cycles) and 247 were assigned to the CCR group (BSC, SC low- 
dose cytarabine or IC). More than half of the patients were >75 years or older, median BM blasts at baseline were 72%, 
and 35% of patients had poor-risk cytogenetics (CG). Patients received a median of six cycles of AZA. With the median 
follow-up of 24.4 months, the median OS was 10.4 vs 6.5 months in the AZA group and CCR group, respectively (HR 
0.85, 95% CI 0.69–1.03; p=0.1009). Univariate analysis for OS showed favorable trends for AZA compared with CCR in 
patients with poor-risk CG and AML with MDS-related changes (AML-MRC). Furthermore, a post-hoc analysis using 
data from the AZA-AML-001 trial was performed by Döhner et al, applying the 2010 European LeukemiaNet (ELN)- 
defined adverse karyotype definitions.23 In total, 220 patients (45.4%) had ELN-defined intermediate-I risk (ie, normal) 
CG (AZA, n=114; CCR, n=106), 111 patients (22.9%) had an intermediate-II risk CG (AZA, n=53; CCR, n=58), and 154 
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patients (31.8%) had an adverse risk CG (AZA, n=73; CCR, n=81). The “biomarker cohort” included 156 patients who 
were assessed at study entry for the presence of gene mutations (5-AZA, n=83; CCR, n=73). The median OS was 
comparable between AZA and CCR among patients with intermediate-I risk (14.1 vs 10.1 months, respectively; HR 0.83, 
95% CI 0.60–1.1; p=0.44) and intermediate-II risk (8.9 vs 9.6 months; HR 1.19, 95% CI 0.79–1.8; p=0.78) CG. There 
was a significant difference in median OS in favor of AZA among patients with adverse risk CG (5.3 vs 2.9 months; HR 
0.71, 95% CI 0.51–0.99; p= 0.046), with estimated 1-year survival rates of 29.1% vs 14.7% for patients treated with AZA 
and CCR, respectively. The patients with complex CG (n=113; 23%) who were treated with AZA had a statistically 
significant improvement in OS compared with those who received CCR (median OS 4.8 months vs 2.8 months, 
respectively; HR 0.64, 95% CI 0.43–0.94; p=0.037). There was also a trend for improvement in median OS with 
AZA for patients with monosomal karyotypes (n=101, 21%) (5.0 vs 2.8 months with CCR; HR 0.65, 95% CI 0.42–1.01; 
p=0.055). Among the biomarker cohort, in 153 (98.1%) of the 156 patients who had molecular abnormalities, the most 
frequently mutated genes were DNMT3A (27%), TET2 (25%), IDH2 (23%), TP53 (21%), RUNX1 (18%), NPM1 (16%), 
NRAS (12%), FLT3 (12% [internal tandem duplications (ITD) 10%, tyrosine kinase domain mutations (TKD) 5%]), 
ASXL1 (11%), and STAG2 (10%). Within the AZA cohort, the median OS was not significantly different between patients 
with (n=15) and those without (n=68) TP53 mutations (7.2 vs 12.0 months, respectively; p=0.40) or between patients 
with mutated (n = 10) and those with wild-type (n=73) NRAS (11.8 vs 8.9 months; p=0.95). However, the median OS in 
the AZA cohort was reduced in patients with mutated FLT3 (n=9) vs wild-type FLT3 (n=74) (5.4 vs 12.0 months, 
respectively; p=0.017). The median OS between AZA and CCR treatment cohorts was comparable for patients with or 
without mutations in any of the genes known to influence DNA methylation (ie, DNMT3A, IDH1, IDH2, and TET1). The 
patients with TET2 mutations had a slightly worse median OS with AZA compared to CCR (9.6 vs 11.1 months, 
respectively; p=0.036). The Groupe Francophone des Myelodysplasies (GFM) reported clinical outcomes with AZA in 
patients with therapy-related MDS (t-MDS) and AML (t-AML).24 Their cohort included 54 patients (t-MDS n=42; 
t-AML n=12) who received AZA 75 mg/m2 daily for 7 days every 28 days for at least four cycles, with a 5-day schedule 
also being accepted. The median age at diagnosis was 68.5 years, and 71% of patients had complex CG, with the 
majority having deletion 5q and chromosome 7 abnormalities. With a median of four cycles of AZA, the overall response 
rate (ORR) was 39% (CR 15%): 36%, 14%, and 8% of patients were alive at 1, 2, and 3 years, respectively. There was 
a trend towards inferior OS in patients with chromosome 7 abnormalities.

Following these clinical trials, several retrospective studies were conducted to obtain a real-world perspective. Smith 
et al completed a retrospective analysis of 487 elderly AML patients who received induction chemotherapy with AZA 
(n=288) or decitabine (DAC) (n=199).25 The baseline characteristics were comparable between the two treatment arms. 
The median OS was better with AZA treated compared to DAC (10.1 vs 6.9 months, respectively; p=0.007). The 
hospitalization rates were lower in the AZA-treated arm (2.9 vs 3.42 per person-year). Thépot et al reviewed retro-
spective data of 149 AML patients from 34 centers in France who were treated with AZA.26 The median age was 74 
years, 26% had adverse risk CG, and 20% had t-AML. The median number of AZA cycles was five, with a median 
follow-up of 31.5 months. The best response rate was 33%, including 19% of patients who achieved CR, 4% who 
achieved CR with incomplete count recovery (CRi), and 10% who achieved partial remission (PR). The median time to 
best response was 145 days. The median OS was 9.4 months, with OS at 1 and 2 years of 38% and 17%, respectively. 
Adverse risk CG, white blood cell counts >15×109 and Eastern Cooperative Oncology Group (ECOG) performance 
status >2 were predictors for shorter OS in the univariate and multivariate analysis. The most frequent adverse event was 
sepsis and febrile neutropenia, with most of these patients requiring hospitalization. The largest retrospective trial was 
conducted by Pleyer et al from 14 specialized centers in Austria, evaluating 302 elderly AML patients treated with at 
least one cycle of AZA.27 The median age at diagnosis was 73 years, with 43% being older than 75 years; 19% of 
patients had unfavorable CG and 7% of patients had t-AML. Forty-six percent of patients received AZA as first-line 
therapy; a median of four cycles of AZA was given, with 77% of patients having received 7 days as opposed to 5 days of 
therapy. The ORR was 48%, with 17% of patients achieving CR. The median time to response was 3 months, and the 
median response duration was 3.4 months. The median OS was 9.6 months, and median progression-free survival (PFS) 
was 9.1 months. Among responders, the median OS was 16.1 months vs 3.7 months among non-responders. In the 
relapsed/refractory (RR) setting, Ivanoff et al conducted a retrospective evaluation of 47 AZA-treated patients after at 
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least one course of IC in three different French institutions.28 The median age of the cohort was 63 years, 64% of patients 
had de novo AML, and 36% of patients had secondary AML (sAML). Twenty-eight percent of patients had unfavorable 
cytogenetics. The median number of AZA cycles received was four. The ORR was 38% (CR 21%, PR 11%, hematologic 
improvement [HI] 6%), and the median OS was 9 months. BM blasts >20% retained significance for adverse survival 
outcome in the multivariate analysis.

The initial AZA-MDS-001 trial demonstrated an impressive median OS compared to conventional therapy in patients 
with MDS with BM blast counts of 20–30% (considered to have AML by WHO criteria). These results were not 
reproduced in the AML-AZA-001 trial or in the real-world data, including in patients with higher (≥30%) BM 
blasts.7,19,26,29–31

Azacitidine Combination Therapies
Considering the lack of significant survival benefit with AZA alone in AML patients with higher (≥ 30%) BM blasts, 
several AZA combination therapies have been explored in clinical trials to improve outcomes.

Azacitidine in Combination with Histone Deacetylase Inhibitors
Histone deacetylases (HDACs) and DNA methyltransferases (DNMTs) are enzymes that control gene expression through 
histone acetylation and DNA methylation, respectively.10,32,33 Studies have shown that overexpression of these enzymes 
can lead to silencing of tumor suppressor genes and tumorigenesis. AZA and HDAC inhibitors (HDACi) have shown 
synergy in inducing gene re-expression, leading to differentiation and cancer cell apoptosis.34–36 One of the initial 
combinations explored in this field was AZA plus valproic acid (VPA).37 The combination of VPA and all-trans retinoic 
acid (ATRA) was also evaluated in patients with MDS and AML, with modest efficacy.38,39 Later, Adès et al published 
the results of the GFM’s “pick a winner” trial, a phase II trial comparing AZA monotherapy to three drug combinations: 
5-AZA with either lenalidomide (AZA + LEN), VPA (AZA + VPA), or idarubicin (AZA + IDA), in patients with high- 
risk MDS or low blast AML (20–30% blasts).40 Among 322 patients enrolled in the study, AZA was given at a dose of 
75 mg/m2 SC daily for 7 days for both monotherapy and combination arms, LEN 10 mg/day orally on days 1–14, VPA 
50 mg/kg/day on days 1–7 or 35 mg/kg/day in patients 60 years or older, and idarubicin 10 mg/m2 on day 1 for cycles 1– 
9. Eighty-one patients were assigned to AZA monotherapy, 80 patients to AZA + VPA, 68 patients to AZA + LEN, and 
81 patients to AZA + IDA. Baseline characteristics were well balanced between all arms, except for the lower proportion 
of AML patients in the AZA + LEN arm. The median age was 74.6 years; 73%, 21%, and 6% of patients had MDS, 
oligoblastic AML, and chronic myelomonocytic leukemia (CMML), respectively. The CR rate and event-free survival 
(EFS) were not significantly different between treatment groups. The median OS was 19.7 months, and 23.1, 18.9, 17.5, 
and 20.1 months with AZA alone, AZA + VPA, AZA + LEN, and AZA + IDA, respectively (Table 1). Compared to 
AZA monotherapy, hazard ratios were greater than one in all of the combination groups and were not statistically 
significant. Myelosuppression and infections were more commonly seen in the combination arms compared to AZA 
alone.

Pracinostat is the most potent HDACi evaluated in clinical trials. In a phase II study, 50 AML patients with RR 
disease or AML patients ineligible for IC were evaluated.35 Pracinostat was given at a dose of 60 mg on 3 days/week, 
and the median number of cycles that patients received was 6.5 (range 1–27 cycles). The ORR was 52% (n=21 CR, n=2 
CRi, and n=3 morphologic leukemia-free state [MLFS]). The median duration of response was 11.5 months. No 
significant difference in ORR was observed between de novo AML and secondary AML. The most common grade 3 
or higher treatment-related adverse events were cytopenia (thrombocytopenia 38%, neutropenia 30%) and fatigue (28%) 
(Table 1). Promising results in a phase II study led to a phase III trial comparing AZA vs AZA + pracinostat. 
Unfortunately, the study was terminated early by the internal data monitoring committee (IDMC) for lack of efficacy, 
as it was unlikely to reach its primary endpoint of OS.45

Frequent dose interruption, mainly due to gastrointestinal toxicities, and treatment discontinuation due to the 
proliferative nature of AML were suggested reasons for the lower efficacy of the AZA plus HDACi combination in 
clinical trials.
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Table 1 Selected Trials of Azacitidine Combinations for Treatment of Patients with Acute Myeloid Leukemia

Study 
Phase/N

Diagnosis Rx Combination Median Age (Range) 
(Years)

ORR/CR Overall Survival 
(Months)

Most Common Adverse Events

Phase II/5035 RR AML AZA + pracinostat 75 (66–84) ORR 52%, CR 46% 19.1 (95% CI 10–26.5) Nausea 56%, fatigue 40%, thrombocytopenia 38%, 

neutropenia 30%

Phase II/32240 MDS, TN 

oligoblastic AML

AZA (n=81) vs AZA 

+ LEN vs AZA 
(n=68) + VPA (n=80) 

vs AZA + IDA 

(n=81)

75 (69–79) ORR 21%, CR 18%; 

no significant 
difference among 

groups

19.7 (AZA), 23.1 

(AZA + VPA), 18.9 
(AZA + LEN), 17.5 

(AZA + IDA)

Not reported (discontinuation rates due to AE: 

28%, 28%, 26%, and 25% in AZA, AZA + VPA, AZA  
+ LEN, and AZA + IDA)

Phase III/43150 TN AML AZA + placebo 

(n=145) vs AZA + 
VEN (n=286)

AZA + VEN: 76 (49–91) 

AZA + placebo: 76 (60–90)

Composite CR 66.4% 

vs 28.3%

14.7 (AZA + VEN) vs 

9.6 (AZA + placebo)

Infection 84% vs 67%, cytopenia 83% vs 68%, 

nausea 44% vs 35%, diarrhea 41% vs 33% (AZA + 
VEN and AZA + placebo, respectively)

Phase III/14661 TN AML (IDH1 
mutated)

AZA + IVO (n=72) 
vs AZA + placebo 

(n=74)

AZA + IVO: 76 (58–84) 
AZA + placebo: 75.5 (45–94)

CR 47% vs 15% 24 (AZA + IVO) vs 7.9 
(AZA + placebo)

Cytopenia 77% vs 66%, nausea 44% vs 38%, 
diarrhea 35% vs 36%, PNA 24% vs 32%, QTc 

prolongation 20% vs 7% (AZA + IVO and AZA + 

placebo, respectively)

Phase II/1018 TN AML (IDH2 
mutated)

AZA + ENA (n=68) 

vs AZA (n=33)

AZA + ENA: 75 (70–79) 

AZA: 75 (71–78)

ORR 74% vs 36%, CR 

54% vs 12%

22 (AZA + ENA) vs 

22.3 (AZA)

Thrombocytopenia 37% vs 19% neutropenia 37% vs 

25%, anemia 19% vs 22%, febrile neutropenia 16% 
vs 16%, differentiation syndrome 10% vs 0% (AZA 

+ ENA and AZA, respectively)

Phase III/12342 TN AML (FLT3 
mutated)

AZA + GIL (n=74) vs 

AZA (n=49)

AZA + GIL: 78 (59–90) 

AZA: 76 (61–88)

Composite CR 58.1% 

(AZA + GIL) vs 26.5% 

(AZA)

9.82 (AZA + GIL) vs 

8.87 (AZA)

AZA + GIL: pyrexia 47.9%, diarrhea 38.4%, febrile 

neutropenia 35.6%, constipation 34.2%, nausea 

32.9%; AZA: pyrexia 34.0%, anemia 34.0%, 
neutropenia 27.7%, thrombocytopenia 23.4%

Phase II/5264 MDS, TN AML 
(TP53 mutated)

AZA + APR-246 74 (44–87) MDS: ORR 62%, CR 
47% 

AML: ORR 33%, CR 

17%

MDS: 12.1, AML <30% 
blast 13.9, AML >30% 

blast 3.0

Febrile neutropenia 37%, neurologic events 
(confusion, ataxia) 40%

Phase Ib/5265 TN AML (TP53 
mutated and wt)

AZA + magrolimab 73 (31–89) TP wt: ORR 65%, CR/ 

CRi 56% 
TP53m: ORR 71%, 

CR/CRi 67%

TP53 wt: 18.9 

TP53 mutated: 12.9

Anemia 31%, fatigue 19%, blood bilirubin increase 

19%, neutropenia 19%, thrombocytopenia 17%, 
nausea 15%

Abbreviations: N, number of patients; Rx, treatment; ORR, overall response rate; CR, complete remission; CRi, complete remission with incomplete count recovery; RR, relapsed or refractory; AZA, azacitidine; LEN, lenalidomide; 
VPA, valproic acid; TN, treatment naïve; VEN, venetoclax; IVO, ivosidenib; ENA, enasidenib; GIL, gilteritinib; wt, wild type.
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Azacitidine in Combination with Immunomodulators
Thalidomide is an effective modulator of immune functions that can induce T-cell/natural killer cell-mediated tumor cell 
killing, direct cytotoxicity, and inhibition of cancerous angiogenesis. Thalidomide has been studied in MDS, and 
although it seems to be effective in certain patients, the majority could not tolerate it owing to its side-effect profile.

Raza et al46 prospectively evaluated AZA (75 mg/m2 SC for 5 days in 28-day cycles) in combination with 
thalidomide (starting at 50 mg/day and increasing to 100 mg/day) in a total of 40 patients with MDS (n=19), AML 
(n=16), primary myelofibrosis (n=1), and CMML (n=4). The median age was 72 years. Among the 36 patients who were 
evaluated for response, the ORR was 58% (CR 17%, HI 42%), and the median OS was 18.5 and 13.2 months in patients 
with MDS and AML, respectively.

Lenalidomide is approved for the treatment of MDS with or without 5q deletion, and previous phase I data indicated 
its safety and modest activity in patients with RR AML.47 Pollyea et al evaluated the efficacy AZA + LEN in RR AML.48 

In total, 18 patients were eligible for the trial, with a median age of 72 years. Fifty-six percent of the patients had MDS- 
related changes. The patients were divided into five cohorts, and all cohorts received AZA 75 mg/m2/day for 7 days IV or 
SC. Cohort 1 received AZA + LEN 5 mg orally daily from day 8 to 21 in a 42-day cycle. Cohorts 2–4 received increasing 
doses of LEN with the aforementioned schedule at doses of 10, 25, and 50 mg. The median number of cycles to achieve 
best response was 2.5, with an ORR of 56%. Four patients achieved CR; lower BM blast count was predictive for a better 
CR rate. The median duration of response was 6.2 months and median OS was 8.2 months. The most common side effect 
was neutropenic fever. Sequential AZA + LEN was then further explored in a phase II trial by Narayan et al.49 The study 
included 32 patients with high-risk MDS, de novo AML, and secondary AML (patients with prior immunomodulatory 
drugs or HMA therapy were included). The patients were considered eligible if they were not immediate candidates for 
allogeneic stem cell transplant (allo-HSCT) or were unwilling or unable to receive IC. The patients received AZA 
75 mg/m2 SC or IV for 7 days, followed by LEN 50 mg orally daily (days 8–28 in a 42-day cycle). Out of the 32 patients 
who received the treatment, 26 had AML (including sAML [n=18]). The ORR was 25%, with a median duration of 
response of 4.9 months and median OS of 5 months. Responders to therapy had a significantly longer median OS than 
patients who were non-responders (9.8 vs 4 months). In the multivariate analysis, blast percentage and prior HMA 
response were predictive of survival. In terms of adverse events, an early death rate of 12.5% (predominantly secondary 
to complications of infections) and grade 3 neutropenic fever were the most common adverse effects observed. Several 
patients needed dose modification of LEN owing to fatigue, thrombocytopenia, rash, and shortness of breath.

AZA in combination with thalidomide or lenalidomide was not further explored owing to modest activity, poor 
tolerance, and high complication rates.

Azacitidine in Combination with Venetoclax
BCL2 is a family of proteins that plays a crucial role in the intrinsic mitochondrial apoptotic response.50 A high 
proportion of AML stem cells express BCL2 and are dependent on BCL2 for survival. Moreover, high expression of 
BCL2 is linked to an inferior response to conventional chemotherapy and poor survival.51 Venetoclax (VEN) is 
a selective small-molecule BCL2 inhibitor, which has been shown to induce apoptosis in malignant cells that are 
dependent on BCL2 for survival. VEN as a single agent has demonstrated limited activity in AML.52 The ORR was 
19%; an additional 19% of patients demonstrated antileukemic activity not meeting International Working Group (IWG) 
criteria (partial bone marrow response and incomplete hematologic recovery). DiNardo et al combined VEN with 
an HMA (AZA or decitabine) in a multicenter, phase Ib, dose escalation trial that included 145 TN elderly AML 
patients. In the dose expansion cohort, VEN at 400 or 800 mg with HMA was given. The median age of the patients was 
74 years and 49% of patients had poor-risk CG. At the median follow-up of 15.1 months, the rate of CR/CRi was 68%, 
with superior response in patients who received VEN at a dose of 400 mg (CR/CRi rate 73%).53 The high CR/CRi rate 
resulted in significant improvement in median OS to 17.5 months in elderly AML patients. This led to a phase III, 
multicenter, randomized, double-blind, placebo controlled trial evaluating the efficacy and safety of AZA + VEN vs AZA 
alone in elderly patients with TN AML who were ineligible to receive IC.50 VEN + AZA was administered orally, once 
daily, at a dose of 100 mg on day 1, 200 mg on day 2, and 400 mg on day 3 onwards. In total, 431 patients were included 
in the intention-to-treat population, with 286 patients in the AZA + VEN group and 145 in the AZA + placebo (control) 
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group. Baseline characteristics were comparable between both groups. Of note, secondary AML patients with prior HMA 
therapy were excluded. The rate of CR was higher with AZA + VEN than in the control group (36.7% vs 17.9%; 
p<0.001), as was the rate of composite CR (CR or CRi) (66.4% vs 28.3%; p<0.001). The median time to response was 
1.3 vs 2.8 months in the AZA + VEN and control group, respectively. The median OS was 14.7 and 9.6 months with 
AZA + VEN and in the control group, respectively (HR 0.66, 95% CI 0.52–0.85; p<0.001). Cytopenia(s) and neutropenic 
fever were more common with AZA + VEN compared to the control group. In subgroup analysis for OS, the HR was not 
significantly in favor of AZA + VEN in patients with FLT3, TP53, or NPM1 mutated AML, or in AML patients with 
MDS-related changes. Nevertheless, the combination of AZA + VEN has been a game changer in improving outcomes in 
elderly patients with AML.

Real-world data on AZA + VEN combination have also shown promising results. Winters et al presented their real- 
world single-institution experience with AZA + VEN, comparing outcomes with a clinical trial cohort that administered 
this regimen at the same institution. Thirty-three newly diagnosed AML patients, who were unfit or unwilling to receive 
induction chemotherapy, were treated.54 The CR/CRi rate was 63.3% for off-trial patients who received treatment and 
84.9% for trial patients (p=0.081). The median OS for off-trial patients who received treatment was 381 days vs 880 days 
for trial patients (p=0.041). Prior exposure to hypomethylating agents was associated with worse outcomes. Of note, the 
VIALE-A trial excluded sAML patients with prior exposure to HMA.

Cherry et al compared AZA + VEN (n=142) vs IC (n=149) in patients with newly diagnosed AML.55 Response rates 
were 76.9% vs 70.5% for AZA + VEN vs IC, respectively. The median OS was 884 days (approximately 29 months) for 
IC vs 483 days (approximately 16 months) for AZA + VEN (p=0.002). In a propensity match cohort, matching for age, 
biological risk, and transplantation, the median OS for IC was 705 days and was not reached in the AZA + VEN group 
(p=0.0667). The factors that favored response to AZA + VEN over IC included older age, secondary AML, and RUNX1 
mutations. The patients with acute monocytic leukemia had a better response with IC compared to AZA + VEN. The 
patients with ELN intermediate-risk AML, FLT3-ITD, and RAS mutation had a better response with IC compared to 
AZA + VEN. De Bellis et al retrospectively evaluated the outcome of 56 newly diagnosed AML patients who received 
HMA + VEN at eight different centers in Italy.56 Patients received AZA (n=43) or DAC (n=13) in addition to VEN. No 
differences in terms of response were seen when stratified by age (55–75 vs >75 years), BM blast (20–30% vs >30%), 
cytogenetic risk group, categories by WHO classification, or type of HMA utilized. The median number of cycles that 
patients received was seven, and the complete remission rate was 67.9% (CR 53.6% and CRi 14.3%). The median time to 
CR was two cycles. After median follow-up of 9.9 months, the median OS was 11.3 months and the median PFS was 
11.3 months. The major adverse events observed in patients were pneumonia (n=15/56 [27%]), sepsis (n=10/56 [18%]), 
and febrile neutropenia (n=7/56 [12.5%]).

Antifungal prophylaxis with azoles (voriconazole, posaconazole) is recommended in neutropenic patients receiving 
AML therapies. When using VEN with strong CYP3A4 inhibitors such as voriconazole and posaconazole, the manu-
facturer’s recommendations are to ramp up VEN without an azole to prevent tumor lysis syndrome, followed by a 75% 
reduction in VEN dose with the initiation of azole, which increases the serum concentration of VEN by eight-fold.57

Azacitidine in Combination with FLT3 Inhibitors
FLT3-mutated AML patients who are ineligible to receive IC have inferior outcomes. VEN + AZA combination 
improved the outcome of a certain subset of AML patients; however, in the pivotal study, AZA + VEN combination 
compared to AZA alone failed to demonstrate significant improvement in the survival of FLT3-mutated AML patients. 
Preclinical studies have shown synergistic activity between FLT3 and DNA methyltransferase inhibitor.58 Gilteritinib is 
an FLT3 inhibitor that has shown superior efficacy in RR FLT3-mutated AML compared to conventional 
chemotherapy.59 Subsequently, a randomized study was conducted to investigate the efficacy and safety of gilteritinib 
+ AZA vs AZA alone in adults with newly diagnosed FLT3-mutated AML who were ineligible for IC.42 The primary 
endpoint of the study was OS. At the interim analysis, 123 patients were randomized (gilteritinib + AZA, n=74; AZA, 
n=49). The median OS was 9.82 and 8.87 months with gilteritinib + AZA vs AZA, respectively (p=0.753). The study was 
closed based on the protocol-specified boundary for futility. The leukemia group at MD Anderson Cancer Center 
conducted a phase I/II study in patients with TN and RR FLT3-mutated AML or high-risk MDS/CMML who were 
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unsuitable for IC.60 Twenty-six patients (TN, n=11; RR, n=15) were enrolled. The ORR (CR + CRi + MLFS) was 98% 
(CR/CRi: 80%) in TN patients and 67% (CR/CRi 27%) in the RR group. In the TN group, the median follow-up was 3.8 
months (range 0.5–8 months), none of the patients had relapse, and one patient died as a result of sepsis. In the RR AML 
group, with a median follow-up of 9.9 months, the median duration of response was 9.0 months and the median OS was 
10.5 months. Myelosuppression was the main adverse event, requiring frequent attenuation of AZA and VEN. Longer 
follow-up and a more tolerable dosing schedule are needed to better evaluate this triplet combination.

Azacitidine in Combination with IDH1/IDH2 Inhibitors
Somatic mutations in the gene encoding isocitrate dehydrogenase 1 or 2 (IDH1/IDH2) occur in 6–19% of patients with 
AML. Studies have shown that elderly AML patients with normal CG harboring IDH1/2 mutation had inferior 
outcomes.8,61

Ivosidenib is an oral, small molecule inhibitor of mutant IDH1, which has shown clinical efficacy as a single agent in 
patients with RR AML. In a phase I study, 258 patients received ivosidenib and had safety outcomes assessed.62 In 179 
RR AML patients, treatment-related adverse events of grade 3 or higher that occurred in at least three patients were 
prolongation of the QT interval (7.8%), differentiation syndrome (3.9%), anemia (2.2%), thrombocytopenia (3.4%), and 
leukocytosis (1.7%). In the primary efficacy population (125 patients), the rate of CR/CRi was 30.4% (95% CI 22.5– 
39.3), the rate of CR was 21.6% (95% CI 14.7–29.8), and the ORR was 41.6% (95% CI 32.9–50.8). The median 
durations of these responses were 8.2 months (95% CI 5.5–12.0), 9.3 months (95% CI 5.6–18.3), and 6.5 months (95% 
CI 4.6–9.3), respectively. Among patients with complete remission, seven (21%) had no residual detectable IDH1 
mutations on digital polymerase chain reaction assay. No pre-existing co-occurring single gene mutation predicted the 
clinical response or resistance to treatment. Ivosidenib subsequently received FDA approval as a single-agent therapy in 
RR AML or TN AML patients who are ineligible to receive IC.62 This was followed by a randomized study in AML 
patients (AZA + ivosidenib vs AZA + placebo [control group]) who were ineligible to receive IC. The primary endpoint 
was EFS.61 The intention-to-treat population included 146 patients (AZA + ivosidenib [n=72] and control group [n=74]), 
and EFS was significantly longer in the AZA + ivosidenib group than in the control group (HR for treatment failure, 
relapse from remission, or death 0.33, 95% CI 0.16–0.69; p=0.002). The probability that a patient would remain event 
free at 12 months was 37% in the AZA + ivosidenib group and 12% in the control group. The median OS was 24.0 and 
7.9 months in the AZA + ivosidenib and control group, respectively (HR 0.44, 95% CI 0.27–0.73; p=0.001). 
Differentiation syndrome of any grade occurred in 14% and 8% of patients in the AZA + ivosidenib and control 
group, respectively. This trial demonstrated a significant benefit of AZA + ivosidenib combination compared to AZA 
alone, and the drug received FDA approval to treat newly diagnosed patients with IDH1-mutated adult AML who are 75 
years or older, or who have comorbidities that preclude the use of intensive induction chemotherapy. Another novel, 
effective and tolerable AZA combination therapy for elderly AML patients with novel target. Now it is up to the treating 
physician to choose AZA + VEN or AZA + ivosidenib as an upfront treatment strategy in TN elderly AML patients with 
IDH1 mutation. One school of thought claims that using AZA + VEN upfront gives an option of effective and 
tolerable second-line therapy in the form of ivosidenib in elderly patients with AML and IDH1 mutation.

Enasidenib is an oral inhibitor of mutant IDH2, which has also demonstrated significant clinical benefit as a single 
agent in patients with IDH2-mutated RR AML and received FDA approval as a single-agent therapy for RR AML.41 

Later, a single-arm, phase Ib and randomized, phase II trial was conducted with enasidenib + AZA vs AZA alone in 
newly diagnosed IDH2-mutated AML patients. Six patients were enrolled in the phase Ib dose-finding portion of the 
trial and three each received enasidenib 100 mg and 200 mg with AZA. No dose-limiting toxicities (DLTs) were seen, 
and enasidenib 100 mg dose was chosen for the phase II portion of the trial. In a phase II trial, 101 patients were 
randomly assigned to receive enasidenib + AZA (n=68) or AZA only (n=33). The median age of the enrolled 
patients was 75 years. The ORR was 74% in the enasidenib + AZA group compared to 36% in the AZA-alone group 
(odds ratio 4.9, 95% CI 2.0–11.9; p=0.0003). The median OS was not significantly different between the AZA + 
enasidenib (22 months) and AZA (22.3 months) groups (p=0.97). Serious treatment-related adverse events (eg, febrile 
neutropenia, differentiation syndrome, pneumonia) were reported in 43% of patients in the enasidenib + AZA group 
and 44% in the AZA-alone group.
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Azacitidine Plus Magrolimab/APR-246
While the outcome of TP53-mutated AML continues to be poor in the era of novel therapies,63 some emerging 
therapies have shown promise. APR-246 (eprenetapopt) is a novel molecule that has been shown to restore the 
transcriptional activity of mutant p53, leading to apoptosis and death of mutant p53 cells. Therefore, a phase II study 
was conducted using the combination of eprenetapopt + AZA in patients with TP53-mutated MDS (n=34) and AML 
(n=18).64 In the MDS cohort, the ORR was 62% (CR 47%), with a median duration of response of 10.4 months. In 
the AML cohort, the ORR was 33%, including 17% CR. In this study, 73% of responders achieved TP53 next- 
generation sequencing negativity. The median OS was 12.1 months in MDS, and 13.9 and 3.0 months in AML with 
<30% and >30% BM blasts, respectively. Subsequently, a randomized study was conducted on AZA + eprenetapopt 
vs AZA alone in TP53-mutated MDS patients. However, this trial did not meet its primary endpoint of significantly 
improving CR rates (33.3% vs 22.4%; p=0.13).

Impressive initial results have also been observed with magrolimab (anti-CD47 monoclonal antibody), which is 
a macrophage immune checkpoint and has been shown to eliminate leukemia stem cells by inducing tumor 
phagocytosis.65 Preclinical studies have shown that HMA can work synergistically with magrolimab. A phase Ib study of 
magrolimab + AZA, especially in TP53-mutated high-risk MDS and TN AML (ineligible for IC) patients, found an objective 
response rate of 69% (CR 45%), with a median OS of 12.9 months.43 Subsequently, a phase III randomized study is being 
conducted to evaluate the safety/tolerability and efficacy of magrolimab + AZA vs physician’s choice of VEN + AZA or 7+3 
chemotherapy in patients with previously untreated TP53-mutated AML.65 In future, we envision more novel combination 
therapies utilizing an AZA backbone for the management of high-risk AML, especially TP53-mutated AML.

Azacitidine as a Maintenance Therapy in Transplant-Ineligible Patients
In AML, the duration of remission is highly predictive of survival; hence, preventing relapse is the focus of AML 
treatment. While allo-HSCT remains the potential curative option for patients with high-risk AML, it is not feasible 
in patients with poor performance status and comorbidities. A phase III randomized double-blind, placebo-controlled 
study was conducted with an oral formulation of AZA (CC-486; not bioequivalent to IV AZA) as a maintenance 
therapy in patients with AML who were in first remission after IC.44 A total of 472 patients were enrolled; 238 and 
234 patients were randomized to the CC-486 and placebo group, respectively. The median age was 68 years (range 
55–86 years). The median OS (24.7 vs 14.8 months; p<0.001) and median relapse-free survival (10.2 vs 4.8 months; 
p<0.001) were significantly longer with CC-486 than with placebo, respectively. The most common adverse events in 
both groups were gastrointestinal related. The incidence of grade 3 or 4 adverse events, including neutropenia, was 
higher in the CC-486 group (41%) compared to the placebo group (24%). This led to FDA approval of oral AZA 
(CC-486) in the United States, Canada, and European Union for the treatment of adult AML patients in first 
remission following induction chemotherapy who are ineligible for allo-HSCT.

Most recently, post-hoc analysis of the phase III QUAZAR AML-001 trial demonstrated the benefit of oral AZA in 
improving survival independent of NPM1 or FLT3 mutational status, cytogenetic risk, or post-IC measurable residual 
disease status.66 In this pivotal study, 469/472 randomized patients (99.4%) had mutational data; 137 patients (29.2%) 
had NPM1 mutations, 66 patients (14.1%) had FLT3 mutations (with ITD, TKD, or both), and 30 patients (6.4%) had 
NPM1 and FLT3-ITD at diagnosis. Among patients with NPM1 mutation, OS and relapse-free survival improved with 
oral AZA by 37% (HR 0.63, 95% CI 0.41–0.98) and 45% (HR 0.55, 95% CI 0.35–0.84), respectively, vs placebo. 
Among patients with FLT3 mutation, oral AZA improved OS and relapse-free survival by 37% (HR 0.63, 95% CI 0.35– 
1.12) and 49% (HR 0.51, 95% CI 0.27–0.95), respectively, vs placebo. The data suggest that oral AZA maintenance is an 
effective maintenance strategy to prolong survival in high-risk as well as favorable-risk AML patients who are ineligible 
for consolidation allo-HSCT.

Conclusion
Historically, the outcome of AML patients who are ineligible to receive intensive chemotherapy was poor owing to 
the lack of effectiveness of low-intensity therapies. AZA or decitabine had been the mainstay of treatment for these 
patients to prolong survival. With better understanding of AML disease biology, the development of novel mutation- 
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specific combination therapies has yielded improved outcomes. AZA has been the backbone of these combination 
therapies (eg, AZA + venetoclax, AZA + ivosidenib, AZA + magrolimab), with a paradigm shift in the management 
of AML, especially in patients who are not candidates for intensive therapies. However, a certain subset of AML 
patients continues to have inferior outcome in the era of these novel combinations, such as those with AML post- 
HMA progression, TP53-mutated AML, and FLT3-mutated AML (who are ineligible for intensive chemotherapies). 
Effective treatment combinations with or without AZA are needed to improve the outcome of these high-risk patients.
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