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Abstract

Acute myeloid leukemia (AML) is predominantly a disease of older adults, with a median
age at diagnosis of 68–72 years. Management in this population is complicated by adverse
cytogenetic and molecular features, higher rates of secondary disease, and patient-specific
factors such as comorbidity and frailty. This narrative review synthesizes the current
evidence on risk stratification and treatment of AML in adults aged 60 years and older,
with dedicated attention to patients aged 60–75 (“fit” older adults) and those older than
75, including octogenarians. The VIALE-A trial established venetoclax plus azacitidine as
standard of care for patients ineligible for intensive chemotherapy (composite complete
remission 66.4%; median overall survival 14.7 vs. 9.6 months with azacitidine alone). For
fit adults aged 60–75, the choice between intensive chemotherapy and venetoclax-based
regimens remains under active investigation, with emerging randomized data suggest-
ing comparable outcomes and a possible advantage for venetoclax-based approaches in
adverse-risk disease. Risk stratification has evolved beyond the 2022 European Leukemi-
aNet (ELN) classification, which was developed in intensively treated cohorts; the 2024
ELN genetic risk classification for less-intensive therapy now provides a framework spe-
cific to this population. TP53-mutated AML, including multi-hit disease, remains the
dominant unmet need across all treatment modalities. Advances in reduced-intensity
conditioning have expanded transplant eligibility into the seventh and eighth decades,
and molecularly targeted approaches, including FLT3, IDH1/2, and menin inhibitors, are
reshaping frontline and relapsed/refractory therapy. This review covers epidemiology,
risk stratification, treatment stratified by age, fitness, and genetic subgroup, the role of
transplantation and maintenance therapy, and the limitations of the current evidence base
for this heterogeneous population.

Keywords: acute myeloid leukemia; older adults; venetoclax; azacitidine; risk stratification;
ELN 2024; allogeneic transplantation; TP53; menin inhibitor; FLT3; IDH inhibitors

1. Introduction
This is a narrative review synthesizing the published literature, major cooperative-

group trials, and recent conference proceedings on the management of acute myeloid
leukemia (AML) in older adults. Throughout this review, “older AML” refers broadly
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to patients aged 60 years and above, the age range in which incidence rises sharply, and
adverse disease biology predominates. Because this population is highly heterogeneous,
we distinguish where evidence permits between patients aged 60–75 years who are con-
sidered physiologically fit, and patients older than 75 years, including octogenarians and
nonagenarians, for whom the evidence base, treatment tolerance, and goals of care differ
substantially and are addressed in dedicated sections below.

Literature Search Strategy

We searched PubMed/MEDLINE, Embase, and ClinicalTrials.gov from January 2000 to
July 2026, supplemented by abstracts from the American Society of Hematology (ASH) and
European Hematology Association (EHA) annual meetings for 2024–2026. Search terms
combined “acute myeloid leukemia,” “older,” “elderly,” “venetoclax,” “ELN,” “TP53,”
“menin inhibitor,” “FLT3,” “IDH,” “transplant,” and “maintenance.” We prioritized ran-
domized controlled trials, pivotal registration trials, and consensus guideline statements
(e.g., ELN 2022 and 2024); where randomized data were unavailable, as is frequently the
case in patients older than 75, we included large multicenter retrospective and real-world
cohorts, explicitly identified as such in the text. Reference lists of key reviews were hand-
searched for additional sources. Given the pace of change in this field, we prioritized the
most recent available data (2024–2026) when multiple studies addressed the same question,
while retaining foundational trials that established current standards of care. As a narrative
rather than systematic review, formal quality appraisal (e.g., GRADE) and meta-analytic
pooling were not performed; this and other limitations of our approach are discussed in
Section 8.

AML is predominantly a disease of older adults, with a median age at diagnosis of
approximately 68–72 years and more than 60% of cases occurring in patients older than
60 years [1,2]. Outcomes in older patients remain poor, with population-based studies
demonstrating 5-year overall survival of less than 10–15% in patients aged 65 and older,
and survival that declines further with each subsequent decade of life [3]. This disparity
reflects a complex interplay between adverse disease biology and patient-related factors
that together limit both the effectiveness and tolerability of therapy.

Biologically, AML in older adults is characterized by a higher prevalence of adverse
cytogenetic and molecular features, including complex and monosomal karyotypes and
mutations in TP53, RUNX1, ASXL1, and genes involved in epigenetic regulation, all
associated with chemoresistance and inferior survival [4–6]. Favorable-risk molecular
profiles are correspondingly less common with increasing age. Older patients are also more
likely to develop secondary AML, either following prior cytotoxic therapy or evolving from
antecedent myelodysplastic syndrome, both associated with particularly poor prognosis [7].

Patient-related factors further contribute to inferior outcomes. Older adults frequently
present with comorbidities, reduced organ reserve, and varying degrees of frailty that
affect treatment tolerance and increase treatment-related mortality [8,9]. Chronological age
alone is an inadequate determinant of treatment eligibility: studies incorporating geriatric
assessment show that functional status, cognition, and physical performance are more
predictive of outcome than age alone [9,10].

The therapeutic landscape has evolved substantially over the past decade with the
incorporation of the BCL-2 inhibitor venetoclax into frontline regimens, the development of
targeted therapies against specific molecular abnormalities, and expanded use of reduced-
intensity conditioning for allogeneic transplantation [11–14]. Despite these advances, major
challenges remain, foremost among them the lack of a standardized, biologically informed
framework for treatment selection that moves beyond a binary “fit/unfit” classification,
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particularly for the 60–75-year age group in which decisions are often individualized and
not guided by robust comparative data [8].

In this review, we provide a comprehensive overview of AML in older adults, covering
epidemiology and disease biology, risk stratification (including the ELN 2022 and 2024
frameworks), treatment approaches organized by fitness and genetic subgroup, special con-
siderations for fit patients aged 60–75, the role of allogeneic transplantation, maintenance
therapy, and the limitations of the current evidence base.

2. Epidemiology
AML incidence rises exponentially across advancing decades of life, from fewer than

2 cases per 100,000 individuals in younger adults to more than 15–20 cases per 100,000
in those older than 70 years, with incidence peaking around age 80–85 before declining
slightly in the very old [15,16]. Older adults now represent the majority of newly diagnosed
AML cases, and this burden is expected to increase with global population aging [16].

Large registry and population-based studies consistently report 5-year overall survival
below 10–15% in patients aged 65 and older, a disparity that persists even after controlling
for treatment intensity, underscoring the central role of disease biology [17]. Contemporary
U.S. population-based data confirm that survival gains achieved over the past two decades
have been substantially smaller in older age groups than in younger patients, and further
diminish beyond age 75 [18].

Favorable-risk cytogenetic abnormalities, including core-binding-factor leukemias, are
progressively less common with age, while adverse features such as complex karyotype
(≥3 chromosomal abnormalities) and monosomal karyotype are markedly enriched in
older populations [19,20]. At the molecular level, mutations in genes governing epigenetic
regulation and clonal hematopoiesis (DNMT3A, TET2, ASXL1) are significantly more
prevalent with age [4,21], as are TP53 mutations, which are strongly associated with
complex karyotype, genomic instability, primary refractory disease, and extremely poor
survival [6,22]. Conversely, favorable mutations such as NPM1 without FLT3-ITD are less
common in older patients.

Clonal hematopoiesis of indeterminate potential (CHIP) provides important insight
into the pathogenesis of AML in aging populations, being detected in approximately 10–20%
of individuals over age 70 and representing a substrate from which additional mutations
can accumulate, leading to clonal expansion and eventual leukemic transformation [21].
Aging is independently associated with functional changes in hematopoietic stem and
progenitor cells, including epigenetic dysregulation, impaired differentiation, and a bias
toward myeloid output, all of which further promote leukemogenesis [21].

Secondary AML, including therapy-related AML and AML evolving from antecedent
myelodysplastic syndrome, is more common in older adults and represents a particu-
larly high-risk subgroup, typically associated with complex cytogenetics and TP53 muta-
tions [7,19]. Leukemic blasts in older patients also more often exhibit intrinsic resistance
mechanisms, including multidrug-resistance protein expression and altered apoptotic
signaling, which limit the effectiveness of standard induction regimens [23].

Collectively, these features indicate that AML in older adults is not simply the same
disease observed in younger patients, but a biologically distinct entity that requires tailored
approaches to risk stratification and therapy.

3. Initial Assessment and Risk Stratification
Initial evaluation of older AML patients requires an integrated approach considering

both disease- and patient-related factors. Unlike younger populations, where treatment
pathways are relatively standardized, decision-making in older adults is individualized
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and depends on the interplay of disease biology, physiologic fitness, comorbidities, and
patient preference.

3.1. Fitness Assessment

Fitness for therapy has historically been assessed using performance status and organ
function alone; these measures are insufficient to capture the complexity of aging. The Fer-
rara criteria define unfitness for intensive chemotherapy using cardiac, pulmonary, hepatic,
and renal parameters [8], but dichotomize patients into “fit” and “unfit” categories and
do not capture the continuum of physiologic reserve. Comprehensive geriatric assessment
(CGA), incorporating functional status, cognition, comorbidity burden, nutritional status,
and social support, is a more robust alternative; impairments identified through CGA are in-
dependently associated with increased chemotherapy toxicity and inferior survival. Klepin
et al. found that impaired physical performance was associated with significantly worse
overall survival (HR 1.7; p = 0.02) and increased treatment-related toxicity [24]. Despite
this evidence, CGA remains underutilized in routine practice owing to time and resource
constraints. Table 1 summarizes the principal fitness-assessment tools in current use.

Table 1. Fitness assessment tools in older AML. ECOG, Eastern Cooperative Oncology Group;
HCT-CI, Hematopoietic Cell Transplantation-specific Comorbidity Index; SIE-SIES-GITMO, Societa
Italiana di Ematologia–Societa Italiana di Ematologia Sperimentale–Gruppo Italiano Trapianto di
Midollo Osseo.

Tool Components Strengths Limitations Reference(s)

ECOG Performance
Status

Functional status
(single item)

Simple, widely used,
fast

Poor sensitivity to
subtler impairment

relevant in older
adults

[9]

Hematopoietic Cell
Transplantation-

Specific Comorbidity
Index (HCT-CI)

Weighted score
across organ-specific

comorbidities
(cardiac, pulmonary,
renal, hepatic, prior

malignancy, etc.)

Validated predictor
of non-relapse
mortality after

allogeneic transplant

Does not assess
frailty, cognition, or

functional status
[25]

Ferrara/SIE-SIES-
GITMO Consensus

Criteria

Clinical/organ-
function-based

fitness threshold
specific to intensive

chemotherapy in
AML

AML-specific; simple
binary classification

Static; dichotomizes
a physiologic

continuum; does not
incorporate geriatric

domains

[8]

Comprehensive
Geriatric Assessment

(CGA)

Multidomain:
cognition, nutrition,

functional status,
comorbidity, social

support,
polypharmacy

Most comprehensive;
independently

predicts toxicity and
survival

Time- and
resource-intensive;
not standardized

across centers;
underused in routine

practice

[9,10,24]

3.2. Molecular and Cytogenetic Risk Stratification: ELN 2022

The European LeukemiaNet (ELN) 2022 classification, which superseded the original
2017 ELN framework [26], categorizes patients into favorable, intermediate, and adverse-
risk groups based on cytogenetic abnormalities and recurrent gene mutations (Table 2) [1].
This framework, however, was derived from and validated primarily in cohorts treated
with intensive chemotherapy; older adults are disproportionately represented in adverse-
risk categories, reducing its discriminatory power in this population, and outcomes with
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venetoclax-based therapy appear to be less tightly linked to ELN-2022 risk than outcomes
with conventional chemotherapy [27,28].

Table 2. ELN 2022 risk stratification and its clinical application in older adults.

Category Representative
Features

Clinical Implications
in Older Adults Reference

Favorable risk

NPM1-mutated (no
FLT3-ITD);

core-binding-factor
AML

Consider intensive
chemotherapy in fit
patients; high cure

potential

[1]

Intermediate risk
Cytogenetically
normal; mixed

co-mutation profile

Treatment
individualized;
transplant often

considered

[1]

Adverse risk

TP53 mutation,
complex karyotype,

myelodysplasia-
related gene mutations,

secondary AML

Poor outcomes across
modalities;

venetoclax-based
therapy or clinical trial

preferred

[1,6]

Clinical modifiers Frailty, comorbidity
burden, organ function

May override biologic
risk in therapy

selection
[8,9]

MRD status
Measurable residual
disease, positive vs.

negative

Strong independent
predictor of relapse

and transplant
necessity

[29]

3.3. The 2024 ELN Genetic Risk Classification for Less-Intensive Therapy

Because ELN 2022 was not designed for patients receiving lower-intensity regimens,
Döhner et al. published a dedicated 2024 ELN genetic risk classification specifically for
adults with AML treated with less-intensive, non-intensive-chemotherapy approaches such
as venetoclax plus a hypomethylating agent [28]. This framework reclassifies several molec-
ular subgroups relative to ELN 2022; most notably, it highlights RAS-pathway mutations
(NRAS, KRAS, and related signaling mutations such as PTPN11, CBL, and NF1) as an
independent adverse-risk marker in the venetoclax-treated setting, a signal not captured
by ELN 2022. Validation cohorts across U.S. academic centers and U.K. NHS hospitals
have confirmed the prognostic separation achieved by ELN 2024 among venetoclax plus
hypomethylating-agent-treated patients and have further suggested that IDH1-mutated
AML without co-occurring signaling mutations may behave more favorably than previ-
ously appreciated [28]. Given that most patients older than 75 receive lower-intensity
therapy, ELN 2024 is likely to become the preferred stratification framework for this age
group and is summarized alongside ELN 2022 in Table 2 for reference.

3.4. Measurable Residual Disease

A key limitation of static, baseline risk-stratification systems is their inability to capture
dynamic treatment response. Measurable residual disease (MRD) has emerged as one of
the most powerful prognostic markers in AML, with multiple studies demonstrating that
MRD positivity after induction or consolidation, and prior to allogeneic transplantation,
is strongly and independently associated with increased relapse risk and inferior overall
survival [29]. Incorporation of MRD into risk-adapted treatment algorithms represents
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an important shift toward dynamic, response-adapted care, though challenges remain in
standardizing detection methods and thresholds across platforms.

Existing prognostic models are further limited by their derivation from clinical trial
populations, which tend to be fitter and less comorbid than real-world patients, and by
underrepresentation of the oldest and most frail patients. Risk stratification in older AML
therefore cannot rely on any single tool; it requires an integrated approach combining
molecular and cytogenetic data, fitness and geriatric assessment, and dynamic evaluation
of treatment response.

4. Treatment Approaches by Age, Fitness, and Genetic Markers
Management of older AML is guided primarily by the interplay of disease biology

and patient fitness. Patients are broadly categorized as candidates for intensive therapy
versus those better suited to lower-intensity approaches, though this distinction repre-
sents a continuum rather than a binary classification. This section first outlines the two
broad treatment pathways, then addresses treatment selection within specific molecu-
lar subgroups, reflecting the growing recognition that genetic biology, not fitness or age
alone, increasingly determines optimal therapy. Figure 1 summarizes an integrated treat-
ment decision algorithm incorporating baseline assessment, fitness, molecular risk, and
dynamic response.

Figure 1. Integrated treatment decision algorithm for older adults with AML, incorporating baseline
assessment (comorbidities, geriatric assessment, cytogenetic/molecular risk), fitness-stratified treat-
ment pathways, MRD-guided reassessment, allogeneic transplantation, maintenance, and clinical
trial referral for adverse-risk/TP53-mutated disease. CGA, comprehensive geriatric assessment;
GO, gemtuzumab ozogamicin; HCT, hematopoietic cell transplantation; MRD, measurable residual
disease; VEN-HMA, venetoclax plus hypomethylating agent.
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4.1. Intensive Chemotherapy in Fit Patients

For patients deemed fit for intensive therapy, typically aged 60–75 with preserved
functional status and limited comorbidity, induction with cytarabine and an anthracy-
cline (“7 + 3”) remains a standard approach, achieving complete remission in approxi-
mately 50–70% of selected older patients [7]. Treatment-related toxicity and early mortality
nonetheless remain substantially higher than in younger cohorts, and attempts to improve
outcomes through anthracycline dose-intensification have not consistently translated into a
clear survival benefit in older patients in randomized testing.

Liposomal daunorubicin/cytarabine (CPX-351) is preferred for therapy-related AML
or AML with myelodysplasia-related changes: in a randomized phase III trial, CPX-351 im-
proved overall survival compared with conventional 7 + 3 (median OS 9.56 vs. 5.95 months;
HR 0.69; p = 0.003) and remission rates (CR/CRi 47.7% vs. 33.3%; p = 0.016), with improved
post-transplant outcomes as well [7]. In favorable-risk disease, particularly core-binding-
factor AML, the addition of gemtuzumab ozogamicin to intensive induction has demon-
strated an overall survival benefit and remains a standard component of therapy in fit
patients regardless of age [30].

4.2. Lower-Intensity Therapy: Venetoclax-Based Regimens

For patients who are not candidates for intensive chemotherapy, typically those older
than 75 or with significant comorbidity or frailty, the combination of a hypomethylating
agent with venetoclax has transformed outcomes. In the pivotal VIALE-A trial, azacitidine
plus venetoclax significantly improved composite complete remission (66.4% vs. 28.3%;
p < 0.001) and median overall survival (14.7 vs. 9.6 months; HR 0.66; p < 0.001) compared
with azacitidine alone (Table 3), with durability of benefit confirmed on updated analysis
across age and frailty subgroups [11]. Prolonged myelosuppression and infectious compli-
cations remain the principal challenges of venetoclax-based therapy; dose modifications,
including shortened venetoclax exposure per cycle, are frequently required, particularly in
patients with limited baseline marrow reserve.

Table 3. Treatment approaches by fitness, age, and molecular risk.

Patient Profile Preferred Treatment Alternatives Key Evidence

Fit, favorable risk Intensive chemotherapy (7 + 3
± gemtuzumab ozogamicin) N/A AML18, RATIFY

Fit, adverse risk Venetoclax-based ± transplant CPX-351 VIALE-A, CPX-351 trial

Unfit/>75 years Azacitidine + venetoclax

Low-dose cytarabine +
venetoclax; oral

decitabine/cedazuridine +
venetoclax

VIALE-A; Htut et al. 2026 [31]

FLT3-mutated
Intensive chemo + FLT3

inhibitor (fit) or HMA + VEN
+ FLT3i triplet (unfit)

N/A RATIFY, QuANTUM-First

IDH1-mutated Azacitidine + ivosidenib Intensive chemotherapy (fit) AGILE

Frail/very elderly (≥80),
unable to tolerate standard

VEN-HMA

Metronomic low-dose weekly
decitabine + venetoclax

Oral decitabine/cedazuridine
+ venetoclax

Goldfinger et al. 2024 [32];
Htut et al. 2026 [31]

4.3. FLT3-Mutated AML

FLT3 mutations occur in approximately 25–30% of AML and confer an adverse prog-
nosis if untreated with a targeted agent. In fit patients, the RATIFY trial demonstrated
improved overall survival with the addition of midostaurin to intensive induction (HR
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0.78; p = 0.009) [33]. The QuANTUM-First trial showed that adding the second-generation
FLT3 inhibitor quizartinib to intensive therapy followed by maintenance improved overall
survival compared with placebo (median OS 31.9 vs. 15.1 months; HR 0.78; p = 0.032);
this trial notably included patients up to age 75, providing direct evidence in the older
fit population [34,35]. In the relapsed/refractory setting, gilteritinib improved survival
compared with salvage chemotherapy (ADMIRAL trial; median OS 9.3 vs. 5.6 months; HR
0.64; p < 0.001). For unfit or older patients, triplet regimens combining a hypomethylating
agent, venetoclax, and a FLT3 inhibitor (e.g., gilteritinib) have produced high composite
remission rates (approaching 100%) and MRD negativity exceeding 90% in early-phase
studies, with 3-year overall survival approaching 45–50%, although outcomes remain
influenced by co-occurring RAS-pathway mutations [36–38].

4.4. IDH1- and IDH2-Mutated AML

IDH1 mutations occur in roughly 6–10% of AML and are enriched with age. In the AG-
ILE trial, ivosidenib plus azacitidine significantly improved event-free and overall survival
compared with azacitidine alone (median OS 24.0 vs. 7.9 months; HR 0.44; p < 0.001) in
patients ineligible for intensive chemotherapy [13]. As noted in Section 3.3, IDH1-mutated
AML without co-occurring signaling mutations may carry a more favorable prognosis
under ELN 2024 than previously recognized under ELN 2022, reinforcing the value of com-
prehensive molecular profiling before treatment selection [28]. IDH2 inhibitors (enasidenib)
have shown activity in the relapsed/refractory setting, though with generally more modest
single-agent response rates than IDH1-directed therapy.

4.5. NPM1-Mutated and KMT2A-Rearranged AML: Menin Inhibitors

NPM1 mutations and KMT2A rearrangements together account for approximately
40% of AML cases and share dependence on the menin–KMT2A protein–protein in-
teraction, making menin inhibition a broadly applicable targeted strategy [39]. Two
menin inhibitors are now FDA-approved: revumenib was approved in November 2024
for relapsed/refractory KMT2A-rearranged acute leukemia and, based on the phase 2
portion of the AUGMENT-101 trial, received a second approval in October 2025 for re-
lapsed/refractory NPM1-mutated AML (composite CR/CRh rate approximately 23–26%;
median duration of response 4.5–4.7 months) [40–42]; and ziftomenib was subsequently
approved in November 2025 for relapsed/refractory NPM1-mutated AML lacking satis-
factory alternatives, based on the KO-MEN-001/KOMET-001 trial (CR/CRh rate 21.4%;
median duration of response approximately 5 months) [43,44]. As monotherapy, menin
inhibitors as a class produce overall response rates of roughly 40–60%, with a class-defining
toxicity of differentiation syndrome requiring standardized monitoring, corticosteroids,
and, in severe cases, temporary drug holds.

Early-phase studies combining menin inhibitors with venetoclax and hypomethylating
agents have produced striking response rates and deep, MRD-negative remissions in newly
diagnosed NPM1-mutated and KMT2A-rearranged AML, suggesting that triplet menin-
inhibitor-based strategies may become a frontline approach in these molecular subsets,
including in older patients [45]. Resistance, most often mediated by acquired MEN1
mutations, develops in a substantial proportion of responders, and sequencing strategies
among menin inhibitors with differing resistance profiles are under active investigation.
Given the rapid expansion of approved indications for this drug class since 2024, menin
inhibitors represent one of the most consequential recent advances in the molecularly
defined treatment of older AML.
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4.6. TP53-Mutated AML and Complex Karyotype

TP53-mutated AML remains the most significant unmet need in AML across all
age groups and treatment modalities, and is markedly enriched in older patients and
those with therapy-related or secondary disease [6,46]. TP53 mutations are identified
in approximately 5–15% of AML overall, are closely associated with complex karyotype
and genomic instability, and confer low complete remission rates, high rates of primary
refractory disease, and short response duration. Contemporary real-world data confirm
that outcomes remain dismal irrespective of first-line modality: in a large U.S. real-world
cohort of patients with TP53-mutated AML or 17p deletion, survival remained very poor
regardless of whether patients received intensive chemotherapy, hypomethylating agents,
or venetoclax-based combinations, and investigational therapies remained substantially
underutilized outside academic centers [47]. Complex and monosomal karyotype AML,
which frequently co-occur with TP53 mutations, similarly confer extremely poor prognosis;
in a landmark analysis, monosomal karyotype AML was associated with a 4-year overall
survival below 5%, compared with approximately 20–30% in patients without monosomal
abnormalities (p < 0.001) [20].

An important and increasingly recognized distinction within TP53-mutated AML is
allelic state. TP53 alterations may be mono-allelic (“single-hit,” often reflecting background
clonal hematopoiesis) or multi-allelic/“multi-hit” (biallelic mutation, or mutation with
concurrent deletion or copy-neutral loss of heterozygosity of the second allele), the latter
reflecting true biallelic inactivation of the tumor-suppressor gene. In myelodysplastic
syndromes, multi-hit TP53 state is strongly and independently associated with complex
karyotype, high-risk presentation, and markedly inferior survival, whereas mono-allelic
(single-hit) disease behaves similarly to TP53 wild-type disease; this distinction underpins
the current WHO and ICC diagnostic criteria for TP53-mutated myeloid neoplasms [48].
In AML specifically, however, the prognostic separation between multi-hit and single-hit
states appears to be attenuated: a large multicenter analysis from the Consortium on
Myeloid Malignancies and Neoplastic Diseases (COMMAND) found that allelic state did
not clearly stratify outcomes among patients with AML or high-risk MDS with excess
blasts, suggesting that once disease has progressed to overt AML, the prognostic weight
of TP53 mutation itself, largely independent of allelic configuration, dominates clinical
behavior [49]. Variant allele frequency (VAF) may retain more discriminating prognostic
value than allelic state alone in this setting.

Lower-intensity approaches combining hypomethylating agents with venetoclax have
improved response rates relative to historical therapy, but durability in TP53-mutated
disease remains poor, with median overall survival typically under 7–8 months despite
initial response [27]. The role of allogeneic transplantation in TP53-mutated AML remains
controversial: while transplantation offers the only realistic prospect of long-term disease
control, relapse rates are high, particularly with persistent MRD, and selected patients
achieving MRD-negative remission may still derive meaningful benefit.

Two agents specifically developed to restore or exploit loss of TP53 function have
shown early clinical promise and merit discussion. Eprenetapopt (APR-246), a small
molecule designed to restore wild-type p53 conformation and function, produced encour-
aging response rates in early-phase combination with azacitidine, though the subsequent
phase III trial did not demonstrate a significant improvement in complete remission com-
pared with azacitidine alone (p = 0.13), illustrating the difficulty of translating biologic
rationale into confirmed clinical benefit [50]. Magrolimab, a CD47-directed antibody block-
ing the “don’t eat me” signal exploited by TP53-mutated leukemic cells, showed composite
response rates exceeding 60% in early-phase combination with azacitidine in TP53-mutated
AML, though subsequent larger studies yielded more modest results and the agent remains
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investigational [51]. Beyond these two representative examples, a broader range of tar-
geted and immunotherapeutic strategies in TP53-mutated AML, several of which have not
met their primary endpoints in randomized testing, is summarized in Table 4 rather than
discussed individually, in the interest of concision.

Table 4. Selected negative or discontinued targeted and immunotherapeutic trials in TP53-mutated AML.

Agent/Approach Mechanism Trial/Phase Outcome Reference

Eprenetapopt
(APR-246) + azacitidine

p53 conformational
reactivator

Phase III, randomized
vs. azacitidine alone

No significant CR
improvement (p = 0.13);
program discontinued

[50]

Magrolimab +
azacitidine

Anti-CD47 antibody
(macrophage
checkpoint)

Phase Ib/III

Early ORR >60%, but
confirmatory phase III

(ENHANCE-3)
discontinued for lack of

benefit

[51]

Sabatolimab +
hypomethylating agent Anti-TIM-3 antibody Phase II → randomized

STIMULUS-MDS1

Early signals of activity;
randomized study did not

meet primary endpoint
[52,53]

MDM2 inhibitors (e.g.,
idasanutlin)

Disrupt MDM2–p53
interaction to restore

p53 activity
Phase I

Activity limited to TP53
wild-type disease; minimal

efficacy when p53 is
already mutated/lost

[54,55]

Cellular therapies, including CAR T-cell and NK-cell approaches, are also under in-
vestigation in TP53-mutated AML, but face unique challenges: TP53 deficiency has been
associated with an immunosuppressive tumor microenvironment and increased expression
of immune checkpoint and exhaustion markers, potentially limiting the efficacy of immune-
based strategies without additional modification [56,57]. γδ T-cell-activating agents represent
an alternative immune approach with early promise in this population: in the phase 1/2
EVICTION trial, the anti-BTN3A antibody ICT01 combined with azacitidine and venetoclax in
older or unfit patients with newly diagnosed AML, including adverse-risk and TP53-mutated
disease, produced composite remission rates exceeding 80% with encouraging early survival
signals and low early mortality [58,59]. Metabolic vulnerabilities specific to TP53-deficient
leukemic cells, including altered glycolytic and mevalonate-pathway dependencies, represent
an additional, earlier-stage avenue of investigation [60,61].

An important conceptual issue in TP53-mutated AML is the frequent discordance
between morphologic remission and meaningful clinical benefit: patients may achieve
remission by conventional criteria while harboring persistent molecular disease that leads
to rapid relapse. This has driven increasing emphasis on MRD and duration of response,
rather than remission rate alone, as clinically meaningful endpoints in both practice and
trial design. Given the limited efficacy of available therapies and high toxicity burden,
particularly in older and frail patients, early and explicit discussion of goals of care is an
essential component of management in this subgroup.

4.7. Marker-Negative (“Triple-Negative”) AML

A clinically important but frequently overlooked subgroup comprises patients whose
leukemic blasts lack FLT3, IDH1/2, NPM1, and KMT2A rearrangement and TP53 al-
terations (so-called marker-negative AML) for whom no molecularly targeted agent is
currently approved. This group is heterogeneous, spanning both core-binding-factor and
cytogenetically normal, intermediate-risk disease without a targetable co-mutation. In
the absence of a specific target, treatment selection for marker-negative AML continues
to rely on the general fitness-based framework outlined in Sections 4.1 and 4.2: intensive
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chemotherapy for fit patients with favorable- or intermediate-risk disease, and venetoclax-
based combinations for unfit or older patients, guided by ELN cytogenetic risk and dynamic
MRD assessment rather than by a specific molecular target. This subgroup is an important
focus of ongoing biomarker-discovery efforts, as it currently derives the least benefit from
the past decade’s expansion of targeted therapy.

4.8. Low-Intensity Options for the Very Elderly: Metronomic and Oral Regimens

Even standard-dose venetoclax plus hypomethylating agent therapy can be poorly
tolerated by the oldest and most frail patients, owing to prolonged, cumulative myelo-
suppression. Two strategies specifically aimed at improving tolerability in this subgroup
have emerging supportive data and merit dedicated discussion given the age focus of
this review.

First, a metronomic, low-dose weekly regimen of decitabine plus venetoclax, in which
decitabine is dosed at a minimally biologically effective, non-cytotoxic level and admin-
istered weekly rather than as a 5-to-7-day block, has shown favorable tolerability with
preserved efficacy in a racially and socioeconomically diverse, older real-world cohort
(median overall survival 16.1 months across the cohort, and 11.3 months among patients
with TP53-mutated disease), with few dose reductions or treatment interruptions compared
with historical experience with standard dosing schedules [32]. Because this schedule
minimizes cumulative cytopenias, early experience suggests it is feasible even in patients
well into their eighties, an age group in which standard-schedule VEN-HMA is often not
tolerated for a full cycle.

Second, a fully oral regimen combining decitabine/cedazuridine (an oral formulation
with pharmacokinetic exposure equivalent to intravenous decitabine) with oral venetoclax
offers an outpatient-friendly alternative that avoids repeated infusion visits. Long-term
follow-up of this regimen in older or unfit patients with newly diagnosed AML (median
age 79 years, including substantial representation of secondary AML) demonstrated an
overall response rate of 75% in de novo AML and 58% in secondary AML, with MRD
negativity in more than half of responders; median overall survival was 12.7 months in
de novo AML versus 7.2 months in secondary AML (p = 0.61), reinforcing that secondary
AML biology, rather than treatment tolerability, remains the dominant driver of outcome in
this setting [31]. This oral decitabine/cedazuridine plus venetoclax combination received
FDA approval in May 2026 for newly diagnosed AML in adults aged 75 years or older, or
with comorbidities precluding intensive induction, and represents a practical option for
reducing treatment burden in the oldest patients.

5. Special Considerations in Fit Patients Aged 60–75
Patients aged 60–75 occupy a clinical space between younger, unambiguously fit

patients and older adults who are unequivocally unfit for intensive therapy. This group
is often considered “fit” by conventional criteria yet exhibits substantial heterogeneity in
physiologic reserve, and therapeutic decision-making remains highly individualized and
inadequately guided by existing frameworks.

Historically, intensive chemotherapy has been standard for fit patients in this range,
offering durable remission and a pathway to transplantation, though outcomes remain
inferior to younger patients owing to both adverse biology and increased treatment-related
toxicity [62]. The emergence of venetoclax-based regimens, with high response rates and
improved tolerability, has raised the question of whether lower-intensity therapy may be
an appropriate alternative even in patients traditionally considered fit. Subgroup analyses
of VIALE-A suggest consistent benefit across age groups, including those younger than
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75 [11], though direct randomized comparison with intensive chemotherapy in fit patients
has been lacking until recently.

Retrospective data support at least comparable outcomes with venetoclax-based ther-
apy in certain high-risk subgroups: in one multicenter analysis, outcomes with venetoclax-
based regimens in patients aged 60–75 were comparable to intensive chemotherapy among
patients with adverse cytogenetics or secondary AML [63], though selection bias limits firm
conclusions. A retrospective comparison of venetoclax combined with intensive chemother-
apy (CLIA-VEN) versus conventional 7 + 3 in a younger, high-risk cohort (median age
54 years) demonstrated significantly higher composite remission (90% vs. 54.8%; p = 0.002)
and MRD-negative remission (93.8% vs. 40.9%; p < 0.001) without increased toxicity, and
improved overall survival after propensity-score adjustment (p = 0.002) [64]; a separate
phase Ib study combining venetoclax with a modified intensive “5 + 2” backbone (CAVEAT)
reported comparable feasibility and encouraging response rates in patients up to age 75 [65].
Together, these findings suggest venetoclax-intensive chemotherapy combinations may
enhance depth of response without added early toxicity, though these cohorts were on
average younger than the population of primary interest here.

The first prospective randomized data directly addressing this question in fit older
adults were presented at ASH 2025: a multicenter phase II trial (NCT06066242) [66] random-
ized patients aged 60–75 with newly diagnosed AML to standard 7 + 3, azacitidine plus
venetoclax, or a modified intensive regimen incorporating venetoclax. Among 91 evaluable
patients, composite remission rates were similar across arms (40.6% for 7 + 3, 60.9% for
azacitidine/venetoclax, 61.8% for the venetoclax-containing intensive regimen; p = 0.313),
and no significant differences in event-free, relapse-free, or overall survival were observed
at a median follow-up of 12.5 months. However, a subgroup analysis revealed a striking
benefit of azacitidine/venetoclax specifically in patients with adverse-risk disease, includ-
ing higher 1-year event-free survival (59.3% vs. 17.9%; p = 0.005), relapse-free survival
(65.0% vs. 17.3%; p = 0.043), and overall survival (71.3% vs. 25.7%; p = 0.012) compared
with 7 + 3, with no significant difference in favorable- or intermediate-risk subgroups [66].
These findings reinforce that disease biology, rather than fitness alone, may be the more
important determinant of optimal frontline therapy in this population.

Beyond induction, consolidation and maintenance strategies also require age-adapted
modification. High-dose cytarabine consolidation carries a significantly increased risk
of neurotoxicity in patients aged 60 and older or with renal impairment, and is gen-
erally avoided in favor of intermediate-dose regimens [67]. A retrospective analysis
of 796 patients older than 60 from the DATAML and SAL registries found that mini-
consolidation was associated with longer relapse-free survival than intermediate-dose
cytarabine (18 vs. 12 months; p = 0.0064), without a significant difference in overall
survival [67], findings broadly consistent with other consolidation strategies evaluated
specifically in elderly AML populations [68].

Treatment-related mortality remains a major concern in fit older patients receiving
intensive chemotherapy; risk factors for early death include advanced age, impaired
performance status, adverse cytogenetics, secondary AML, renal dysfunction, and elevated
presenting leukocyte count [69]. Mitigation strategies include careful patient selection,
optimized supportive care, and a lower threshold for lower-intensity regimens in patients
at elevated risk of treatment-related complications.

Finally, choice of induction strategy has direct implications for subsequent transplan-
tation. In multicenter analyses, patients aged 60–75 receiving venetoclax/azacitidine prior
to transplant achieved comparable overall and relapse-free survival to those receiving
intensive chemotherapy (12-month OS 63% vs. 70%; RFS 58% vs. 54%), despite higher-risk
disease in the venetoclax-treated group, with non-relapse mortality of 19.1% vs. 11.8% [70].
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Achieving MRD negativity prior to transplantation, regardless of induction approach, re-
mains the strongest determinant of favorable post-transplant outcome; for patients who re-
main MRD-positive, additional therapy, a change in treatment modality, or post-transplant
maintenance are increasingly considered as part of a dynamic, response-adapted approach.

In summary, the optimal treatment approach for fit patients aged 60–75 remains
uncertain and requires an individualized assessment incorporating disease biology, patient
fitness, treatment goals, and preference, pending further prospective comparative data.

6. Role of Allogeneic Hematopoietic Cell Transplantation
Allogeneic hematopoietic cell transplantation (allo-HCT) remains the most effective

potentially curative therapy for AML and plays a central role in the management of older
adults with intermediate- and adverse-risk disease. Advances in conditioning regimens,
supportive care, and donor selection have substantially expanded its applicability, allowing
transplantation to be considered in selected patients well into their seventh and even eighth
decades of life.

A central paradigm shift has been the recognition that chronological age alone should
not preclude consideration of allo-HCT; outcomes are driven more by disease biology,
comorbidity burden, and functional status. In a Center for International Blood and Marrow
Transplant Research (CIBMTR) analysis, patients aged ≥60 undergoing allo-HCT had
3-year overall survival approaching 40–45% [71]. Muffly et al. similarly reported improved
outcomes in older patients over successive treatment eras, reflecting advances in transplant
practice more broadly (3-year OS approximately 39%; p < 0.001 for improvement over
time) [14].

The Hematopoietic Cell Transplantation-specific Comorbidity Index (HCT-CI) is
widely used to estimate non-relapse mortality risk, with higher scores associated with
significantly increased treatment-related mortality and inferior survival [25]; like other
clinical tools, however, HCT-CI does not fully capture frailty or functional impairment, and
integration of geriatric assessment into transplant evaluation, though proposed, remains
inconsistently implemented.

Reduced-intensity conditioning (RIC) has become the standard approach in older
adults given the excess toxicity of myeloablative conditioning (MAC) in this population.
In a randomized comparison, MAC was associated with lower relapse rates but higher
non-relapse mortality, resulting in no significant difference in overall survival between
approaches (p = 0.49) [72]. Measurable residual disease prior to transplantation remains
one of the most important predictors of post-transplant outcome: in a study by Walter et al.,
MRD-positive patients had markedly worse 3-year overall survival than MRD-negative
patients (26% vs. 73%; p < 0.001) [29], findings that have led to increasing use of MRD to
guide transplant timing, conditioning intensity, and post-transplant strategy.

Venetoclax-based induction has also influenced transplant paradigms in older AML:
these regimens can achieve high response rates and MRD negativity with less toxicity than
intensive chemotherapy, enabling more older patients to proceed to transplantation, with
emerging data suggesting comparable post-transplant outcomes to intensive chemotherapy-
based induction, although prospective randomized data remain limited [73].

Relapse remains the leading cause of treatment failure after allo-HCT, particularly in
adverse-risk disease, and post-transplant maintenance has become an area of active inves-
tigation. In FLT3-mutated AML, sorafenib maintenance improved relapse-free survival
(HR 0.39; p = 0.013) and overall survival (HR 0.48; p = 0.012) compared with placebo in
a randomized study [74], with similar benefit confirmed in an independent randomized
trial of sorafenib maintenance after transplant [75]; the role of other FLT3 inhibitors in this
setting remains an area of active study. Additional strategies to reduce relapse include
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hypomethylating-agent maintenance and early or MRD-guided donor lymphocyte infusion,
which must be balanced against the risk of graft-versus-host disease.

In summary, allo-HCT is an increasingly feasible and potentially curative option for
selected older patients with AML. Optimal patient selection, integration of MRD into
decision-making, and the role of novel targeted and post-transplant maintenance therapies
remain active areas of investigation.

7. Maintenance Therapy
Maintenance therapy has emerged as a critical component of AML management in

older patients, particularly those who are not candidates for allogeneic transplantation. The
QUAZAR AML-001 trial established oral azacitidine as a standard maintenance option in
this setting: in this randomized phase III study, oral azacitidine significantly improved over-
all survival (24.7 vs. 14.8 months; p < 0.001) and relapse-free survival (10.2 vs. 4.8 months;
p < 0.001) compared with placebo in patients aged 55 and older in remission following in-
tensive chemotherapy [12]. Oral azacitidine also prolonged the duration of MRD negativity
and increased conversion from MRD-positive to MRD-negative status (37% vs. 19%) [76],
supporting its role as a disease-modifying, rather than purely surveillance, maintenance
strategy; benefit was observed across subgroups, including patients with adverse-risk
features and AML with myelodysplasia-related changes [77].

For patients with FLT3-mutated AML, maintenance incorporating FLT3 inhibitors has
further improved outcomes. As noted in Section 4.3, the QuANTUM-First trial demon-
strated that quizartinib maintenance following intensive induction significantly improved
overall survival compared with placebo (median OS 31.9 vs. 15.1 months; HR 0.78;
p = 0.032), including patients up to age 75; post hoc analysis found that both quizartinib
maintenance and allogeneic transplantation in first remission were independently associ-
ated with improved survival (HR 0.553 and HR 0.527, respectively; both p = 0.003) [34,35].
Midostaurin-based maintenance has similarly demonstrated improved event-free survival
in older patients, although delivery of maintenance therapy remains logistically challenging
in this population [33].

Taken together, maintenance therapy (whether with oral azacitidine after intensive
chemotherapy, FLT3-inhibitor maintenance in FLT3-mutated disease, or post-transplant
strategies discussed in Section 6) represents one of the most consistently beneficial and
broadly applicable interventions across the treatment continuum for older adults with
AML and should be actively considered for all patients achieving remission who are not
proceeding to, or who have completed, transplantation.

8. Limitations of This Review
Several limitations of the evidence base, and of this review itself, should be acknowl-

edged. First, this is a narrative rather than a systematic review; source selection, while
guided by the explicit search strategy in the Literature Search Strategy section, was not
governed by a pre-registered protocol, formal quality appraisal (e.g., GRADE), or meta-
analytic synthesis, and is therefore subject to selection and emphasis bias inherent to
narrative synthesis.

Second, much of the evidence specific to older adults with AML (and particularly to
patients older than 75, octogenarians, and nonagenarians) derives from retrospective, single-
or multi-institutional real-world cohorts rather than randomized controlled trials. This is
true for outcomes in the very elderly generally—for TP53-mutated AML specifically—and
for several of the age-tailored regimens discussed in Section 4.8. Retrospective data are
subject to selection bias (fitter patients are preferentially selected for aggressive treatment
and for study inclusion), lack of standardized comparator arms, and variable follow-up;
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conclusions drawn from such data should be regarded as hypothesis-generating rather
than definitive.

Third, pivotal randomized trials establishing current standards of care (including
VIALE-A, AGILE, and QuANTUM-First) enrolled patients who, despite being labeled
“older” or “unfit,” were generally fitter and had fewer comorbidities than unselected
real-world older populations; the oldest and most frail patients remain systematically
underrepresented in registration trials, limiting generalizability of trial-derived efficacy
and toxicity estimates to routine practice.

Fourth, the evidence base in this field is evolving rapidly: several therapies
discussed in this review, including both approved menin inhibitors and the oral
decitabine/cedazuridine plus venetoclax combination, received regulatory approval only
within the past 12–18 months at the time of writing, and additional maturation of follow-up,
real-world confirmatory data, and head-to-head comparative studies should be anticipated
to refine, and in some cases revise, the treatment recommendations summarized here.

Finally, while we have attempted to define “older AML” explicitly and to address pa-
tients aged 60–75 and older than 75 in dedicated sections, the underlying literature does not
use consistent age cut-off points across studies, complicating direct comparison of outcomes
and treatment recommendations across the age spectrum discussed in this review. Beyond
disease-directed therapy, integration of geriatric co-management, nutritional support, and
early palliative or supportive care remains inconsistently studied and implemented across
centers, and represents an important complementary priority alongside the pharmacologic
advances discussed throughout this review [78].

9. Conclusions
AML in older adults represents a complex and heterogeneous disease in which out-

comes are determined by the interplay of disease biology and patient fitness. Therapeutic
advances, including venetoclax-based regimens, an expanding array of molecularly tar-
geted agents (FLT3, IDH1/2, and menin inhibitors), and improved transplant strategies,
have broadened treatment options and improved outcomes in selected patients, but sub-
stantial challenges remain, particularly for TP53-mutated disease and for the oldest and
most frail patients.

This review highlights the limitations of frameworks that rely on chronological age and
binary fitness classification, and instead emphasizes an integrated approach incorporating
molecular risk (including the 2024 ELN classification for less-intensive therapy), physiologic
reserve, and dynamic treatment response. Patients aged 60–75 represent a particularly
important population in whom the optimal approach remains uncertain and must be
individualized pending further prospective comparative data.

Emerging evidence suggests that venetoclax-based regimens may offer comparable
efficacy to intensive chemotherapy in selected patients, particularly those with adverse-
risk disease, while providing improved tolerability; intensive chemotherapy continues to
play an essential role in patients with favorable-risk disease and as a pathway to curative
transplantation. For the oldest and most frail patients, metronomic and oral low-intensity
regimens now offer additional options previously unavailable to this group.

Integration of measurable residual disease into clinical decision-making, further refine-
ment of risk stratification models, and development of effective therapies for TP53-mutated
and marker-negative disease represent key priorities for future research. In parallel, greater
emphasis on geriatric assessment, patient-centered outcomes, and inclusion of older and
frail patients in prospective trials will be essential to generating evidence that is directly
applicable to routine clinical practice.
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