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Management paradigms for newly-diagnosed acute myeloid leukemia (ND-AML) in patients considered unfit to receive intensive
chemotherapy have evolved with improved understanding of disease biology. In this setting, management requires clear
delineation of goals of therapy that should include preservation of quality-of-life (QoL). Combination of venetoclax (Ven) and a
hypomethylating agent (HMA) is the current standard-of-care in most circumstances with flexible options in regard to drug dose
and duration of treatment as well as the addition (triplet combinations) or alternative use of targeted therapies, such as inhibitors of
FLT3, IDH1, IDH2, or menin for patients with NPM1MUT or KMT2A rearrangements (KMT2Ar). Response rates (CR/CRi:40-90%) and
overall survival outcomes (3-year: 0–67%) following Ven-HMA therapy are highly variable and depend primarily on tumor genetics
while achievement of complete response with (CR) or without count recovery (CRi) and consolidation with allogeneic stem cell
transplant (ASCT) are essential in securing long-term survival. Favorable genomic predictors of response to Ven-HMA include
NPM1MUT, IDH2MUT, and DDX41MUT, and unfavorable TP53MUT, FLT3-ITD, and K/NRASMUT. Favorable predictors of overall survival
include IDH2MUT, and unfavorable TP53MUT, FLT3-ITD, K/NRASMUT, and KMT2Ar. Whether or not triplet regimens provide significant
survival gain over Ven-HMA in genetically targetable subgroups remains to be determined. Particularly frail patients who are
considered unfit for Ven-HMA might benefit from monotherapy targeting FLT3MUT, IDH1/2MUT, NPM1MUTor KMT2Ar. Future research
projects should focus on incorporating patient-reported outcomes in clinical trials, optimization of Ven-HMA dosing and treatment
duration especially in triplet combinations and broadening the use of ASCT and clarification of its timing.
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INTRODUCTION
Acute myeloid leukemia (AML) affects older individuals, with
approximately one-third of newly-diagnosed (ND) patients aged
75 years or older [1]. The majority of these patients are unfit to
receive intensive chemotherapy and historically had poor out-
comes. However, in recent years, treatment with the oral BCL2
inhibitor venetoclax (Ven), in combination with a hypomethylating
agent (HMA), has emerged as the standard-of-care for patients with
AML who are ineligible to receive intensive chemotherapy,
significantly improving survival and quality-of-life (QoL) [2, 3]. In
addition to Ven, oral small molecule inhibitors targeting FLT3, IDH1/
2 mutations (IDH1/2MUT), and most recently KMT2A rearrangements
(KMT2Ar) have also become important additions to the therapeutic
armamentarium for AML [4]. With the increase in treatment options,
management of AML relies on a shared decision-making process,
which not only considers disease features but importantly patient
fitness, quality of life metrics and preference. The current review
outlines our practical management approach to AML in adults,
ineligible to receive intensive therapy, informed by evidence
derived from clinical trials as well as real-world experience.

PATIENT FITNESS AND TREATMENT SELECTION
There is general consensus that chronological age alone is an
inadequate measure of patient fitness [5]. In routine clinical care,

determination of fitness continues to be a challenge due to lack of
validated fitness screening criteria. Over the years, several scores
have been developed which rely primarily on co-morbidities and
disease characteristics (e.g., Augmented Hematopoietic Cell
Transplantation Comorbidity Index [HCT-CI] or AML Composite
Model [AML-CM]) [6], or involve consensus from expert panels
(e.g., European LeukemiaNet (ELN) criteria, and Italian Society of
Hematology, Italian Society of Experimental Hematology (SIES)
and Italian Group for Bone Marrow Transplantation (GITMO)
Consensus Criteria or Ferrara score for unfitness) [5, 7]. The latter
provides a consensus-based definition of unfitness to intensive
chemotherapy which includes chronological age > 75 years,
Eastern Cooperative Oncology Group performance status
(ECOG ≥ 3), medical co-morbidities (cardio-pulmonary, renal, or
hepatic disease) and/or psychosocial factors (cognitive status and
caregiver support). Application of the aforementioned unfitness
criteria to 655 patients with AML treated with intensive regimens
including 7 days of standard-dose cytarabine and 3 days of an
anthracycline (“7 + 3”), CLAG-M (cladribine, high-dose cytarabine,
granulocyte colony-stimulating factor, and mitoxantrone), or
reduced-dose CLAG-M, disclosed markedly inferior overall survival
in unfit (median 4.8 months) compared to fit patients (36.8 months)
[8]. Unsurprisingly, 28 day mortality rates were also significantly
higher among unfit vs. fit patients (14% vs. 2%) [8]. Another frailty
assessment tool to consider is the HCT-frailty scale developed at
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Princess Margaret Cancer Center [9], which incorporated eight
variables: the clinical frailty scale, instrumental activities of daily
living test, grip strength test, timed up and go test, a self-rated
health question, a single-item falls question, and serum levels of
albumin and C-reactive protein obtained within seven days of
frailty assessment. Based on total scores, patients may be
categorized as fit (0–1), pre-frail (1.5–5.0), or frail ( ≥ 5.5) [9].
Emerging data suggest that pretreatment geriatric assessment

may provide a more sensitive and specific measure of fitness in
patients with AML [10]. In a prospective single institutional study
involving 74 patients with ND-AML that received intensive
chemotherapy (median age: 69 years; 11% ≥ 80 years), geriatric
assessment included evaluations of cognition, depression, distress,
physical function (PF) (self-reported and objectively measured),
and comorbidities. Objective PF was assessed using the Short
Physical Performance Battery (SPPB), which comprises a timed
4-meter walk, chair stands, standing balance and grip strength
measurement [11]. After adjusting for competing risk factors,
overall survival was significantly shorter in participants with
cognitive impairment (modified mini-mental state exam
(MMSE) < 77) and reduced PF (SPPB < 9) [11].
Building upon these findings, a recent phase 2 trial integrated

geriatric assessment (comorbidity burden, physical and cognitive
function) along with genetic profile to guide treatment selection in
patients with AML aged over 60 years [12]. Seventy-three patients
were enrolled and those considered fit by geriatric assessment and
with favorable/intermediate risk disease received intensive 7 + 3-
like chemotherapy (n= 4), or liposomal daunorubicin-cytarabine
(CPX351) (n= 4) as appropriate [12]. Patients unfit for intensive
therapy or those with high-risk AML received lower-intensity
chemotherapy, including HMA alone (n= 18), Ven-HMA (n= 43) or
other therapies (n= 4) [12]. In the particular study, 74% of patients
demonstrated impairment in more than one geriatric assessment
domain and the median time from enrollment to treatment
initiation was 1 day (range: 0-13 days), underlining the feasibility of
pre-treatment geriatric assessment and its potential to serve as a
more accurate measure of frailty in older adults with AML [12].
Beyond its role in guiding selection of treatment intensity,

geriatric assessment is also valuable for predicting treatment
outcomes in patients with AML receiving less-intensive therapies;
in the CALGB 361101 study which included 96 patients with AML
deemed unfit for intensive therapy (median age: 73 years), and
randomized to receive decitabine alone or in combination with
bortezomib, several baseline factors- including HCT-CI > 3,
impaired cognition, and lower global QoL scores were associated
with shortened overall survival [13].
Taken together, and pending randomized comparisons, simple

geriatric assessments may help guide treatment decisions and
reduce the risk of over-treatment in adults with AML. Nonetheless,
in routine practice, fitness assessment takes into consideration the
treatment regimen as outlined in the recent ELN proposal [5]. In
general, unfitness is determined by (i) pre-existing major medical
co-morbidities (heart failure with reduced ejection fraction <50%,
severe renal or hepatic impairment, concurrent solid tumor), (ii)
treating physician’s assessment of performance status (ECOG > 2),
and (iii) social circumstances including but not limited to lack of
caregiver suppport [5].

GENETIC RISK FACTORS AND TREATMENT SELECTION
Current prognostication in AML is based on the ELN genetic risk
models. The ELN-2022 genetic risk model considers three risk
categories: favorable (core-binding factor, RUNX1-RUNX1T1 or
CBFB-MYH11, NPM1MUT without FLT3-ITD or adverse karyotype,
and CEBPA bZIPMUT), intermediate (karyotype not classified as
adverse or favorable, NPM1MUT with FLT3-ITD, wild type NPM1
with FLT3-ITD without adverse risk genetic lesions, t(9;11)
(p21.3;q23.3)-MLLT3-KMT2A) and adverse (adverse karyotype,

BCR/ABL1, TP53MUT, ASXL1MUT, BCORMUT, EZH2MUT, RUNX1MUT,
SF3B1MUT, SRSF2MUT, STAG2MUT, U2AF1MUT, and/or ZRSR2MUT)
[14]. However, it is now widely recognized that the ELN-2022
model has limited applicability in the context of Ven-HMA
therapy [15, 16]. Recently, the ELN-2024 risk stratification was
proposed to guide prognostication in patients receiving less
intensive therapies including HMA +/-Ven or HMA +ivosidenib
(for IDH1MUT AML) and provides the following risk categories;
favorable (NPM1MUT, IDH2MUT, IDH1MUT, DDX41MUT in the
absence of TP53MUT, KRASMUT, NRASMUT and FLT3-ITD), inter-
mediate (FLT3-ITD, and/or KRASMUT, and/or NRASMUT in the
absence of TP53MUT), and adverse (TP53MUT) [17]. IDH1MUT with
FLT3-ITD, K/NRASMUT remain favorable when treated with
azacitidine + ivosidenib, based on data from the AGILE study
reviewed in the section on IDH inhibitor therapy [18].
In general, genetic predictors for survival and response tend to

overlap. In a pooled analysis of 279 patients with ND-AML treated
with Ven-azacitidine in the phase 3 VIALE-A (NCT02993523) and
phase 1b study (NCT02203773) [15], a four-gene molecular
prognostic risk signature (mPRS) for response was developed
based on the mutational status of TP53, KRAS, NRAS, and FLT3-ITD.
Complete remission, with (CR) or without (CRi) count recovery
rates were 77.2% in TP53WT, K/NRASWT, and FLT3-ITDWT (higher-
benefit group), 59.2% in the presence of FLT3-ITD or K/NRASMUT

and TP53WT (intermediate-benefit group), and 47.6% in the
presence of TP53MUT (lower-benefit group).
In contrast, a Mayo Clinic study including 400 patients treated

with Ven-HMA outside of clinical trials identified distinct molecular
predictors of treatment response; NPM1MUT, IDH2MUT and
DDX41MUT were associated with higher response rates, while
TP53MUT, FLT3-ITD and RUNX1MUT were associated with lower
responses [19]. Based on these findings, four distinct molecular
signatures of treatment response were identified: (i) NPM1MUT,
IDH2MUT, or DDX41MUT with TP53WT, RUNX1 WT, and FLT3-ITD WT

(CR/CRi, 87%), (ii) NPM1 WT, IDH2 WT, DDX41 WT, TP53 WT, RUNX1 WT,
FLT3-ITD WT (CR/CRi, 73%), (iii) NPM1MUT, IDH2MUT, or DDX41MUT

with TP53MUT, RUNX1MUT, or FLT3-ITD (CR/CRi, 63%), and (iv)
TP53MUT, RUNX1MUT, or FLT3-ITD with NPM1 WT, IDH2 WT, or DDX41
WT (CR/CRi, 44%) [19]. Median overall survival was 13.2 months
with 3-year survival rate of 29%. Survival outcomes were better in
patients who were bridged to transplant compared to those who
were not transplanted (median overall survival: not reached vs.
10.8 months and 3-year survival rates 62% vs. 22%) [19]. On the
other hand, presence of adverse karyotype, KMT2Ar, TP53MUT,
KRASMUT, and IDH2WT negatively influenced survival [19]. Addi-
tionally and importantly, the particular study demonstrated that
achieving CR/CRi outweighed genetic risk factors in predicting
survival outcomes across three independent cohorts from the
Mayo Clinic, MD Anderson Cancer Center, and University of
Chicago [19]. Furthermore, the prognostic importance of achiev-
ing measurable residual disease (MRD) negative CR/CRi was
underlined in the VIALE-A study, in which patients with MRD-
negative status had median overall survival of 34.2 months
compared to 19 months in in those with MRD-negative disease
[20, 21]. Ultimately, the likelihood of achieving a response
significantly influences survival outcomes and remains a crucial
factor in guiding treatment decisions.

TREATMENT APPROACH
A holistic and individualized approach to the management of ND-
AML is strongly advised, taking into consideration both disease-
related factors (genetic risk) and patient characteristics (including
fitness and treatment goals/preference). It is recommended to
await genetic test results before initiating treatment [22],
especially in patients who present with low or normal leukocyte
count. For cases with hyperleukocytosis, temporizing measures
such as leukapheresis, hydroxyurea +/- cytarabine should be
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promptly implemented and can stabilize most patients until
genomic results are available. In general, AML in adults is
associated with inferior survival but outcomes are improving.
Age-specific survival analysis of patients with AML from the Nordic
countries over five decades (1972–2021) revealed a steady
improvement in survival across all age groups except those aged
80–89-year-old [23]. Notably, minimal survival gains were noted in
the 70–79 year group, whereas survival was substantially
improved in younger patients (<50 years), mainly due to the use
of more intensive therapies and allogeneic stem cell transplant
(ASCT) [23]. It is important to note that this study predated Ven
approval in Europe which has shown survival and QoL benefits in
patients otherwise ineligible for intensive therapy [23].

Treatment for patients unfit/ineligible for intensive therapies
Figure 1 provides an algorithmic approach to treatment of
patients with ND-AML who are ineligible to receive intensive
therapies based on advanced age, presence of major medical co-
morbidities and marginal performance status. Foremost, investi-
gational therapies should be offered and if not available or
feasible, Ven-HMA is our preferred first-line treatment for most
patients including those with actionable mutations due to its
proven efficacy and favorable safety profile in unfit patients,
including octogenarians and nonagenarians [2, 24]. CDD and NG
are generally aligned in their treatment approach. The exceptions
include IDH1MUT patients, where azacitidine + ivosidenib is
considered the preferred approach by CDD [18]. In TP53MUT

patients, the addition of Ven does not improve remission or
survival, and HMA monotherapy may be considered [25, 26]. The
Ven-HMA regimen yields high CR/CRi rates, especially in patients
with favorable genetic profiles (CR/CRi in ~90%), with responses
occurring within one to two months of treatment initiation [2].
Treatment can be administered in the outpatient setting, provided
patients are closely monitored for tumor lysis syndrome during
the initial venetoclax ramp-up phase of the first cycle. Early
treatment-related mortality remains low ( <5%), and therapy often
leads to improvements in performance status which may enable
ASCT in a subset of patients [3, 27]. However, the financial and
psychosocial burdens associated with ongoing treatment should
be considered, as Ven-HMA is not a time-limited therapy and is

frequently accompanied by significant myelosupression [21, 28]. In
addition, several studies including clinical trials and real-world
series have shown that roughly one-third of ND patients with AML
patients receiving Ven-HMA fail to respond, and nearly all
responders will inevitably relapse, underlining the non-curative
nature of this therapy [16, 19, 21, 29]. It should be noted that a
subset of especially frail patients with AML are considered unfit for
Ven-HMA based on concern for myelosuppression and might benefit
from monotherapy with agents targeting FLT3MUT, IDH1/2MUT,
NPM1MUT or KMT2Ar (Fig. 2).

Venetoclax-hypomethylating agent therapy in the front-line
setting
Ven in combination with HMA received FDA approval in
November 2018 for the treatment of ND-AML in patients ineligible
for intensive chemotherapy [30, 31]. The pivotal phase-III VIALE-A
trial evaluated Ven (400 mg orally for 28 days) and azacitidine
(75 mg/m2 S/C or I/V days 1-7), vs. placebo plus azacitidine
(n= 145) in patients with ND-AML [2]. Key eligibility criteria
included age ≥75 years (median: 76 years; range 49–91), or
presence of significant medical comorbidities including treatment-
requiring congestive heart failure or ejection fraction <50%,
chronic stable angina, impaired pulmonary function (diffusing
capacity of the lung for carbon monoxide of <65% or a forced
expiratory volume in 1 second of <65%), or an ECOG performance
status of 2-3 [2]. Ven-azacitidine demonstrated significantly
superior outcomes compared to azacitidine alone with higher
CR/CRi rates (66 vs. 28%) and improved median overall survival
(14.7 vs. 9.6 months) [2]. Long-term follow-up (median:
43.2 months), identified a subgroup of patients with durable
response to Ven-azacitidine [21]. Among patients achieving
CR/CRi, the median duration of response was 18.2 months and
MRD < 10-3 by flow cytometry was achieved in 42% of evaluable
patients. Notably, two-thirds of MRD responders harbored either
IDH1/2MUT (33%) or NPM1MUT (33%) [21, 32].
CR/CRi was found to be indispensable for long-term survival

and 51% and 29% of patients who achieved CR/CRi were alive
beyond 2 and 3 years, respectively [21]. Moreover, survival was
superior among responders with negative MRD (median:
34.2 months vs. 19 months in MRD-positive). More than half of

Fig. 1 Treatment algorithm for newly-diagnosed acute myeloid leukemia in patients unfit for intensive therapies. Targeted
inhibitors= FLT3, IDH1/2 or menin inhibitor. Ven-Venetoclax, HMA- hypomethylating agent- azacitidine or decitabine. *C.D.D. prefers
ivosidenib-azacitidine over Ven-HMA in IDH1MUT. $excluding NPM1MUT.
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responders and long-term survivors (>2 years) harbored either
IDH1/2MUT (35%) or NPM1MUT(20%), while, FLT3MUT (11%) and
TP53MUT (8%) were less frequent [21].
In long-term follow-up from the VIALE-A study, 52% of patients in

CR/CRi experienced disease progression/relapse and had a median
survival of 6.8 months, despite the use of salvage therapy in 42% of
patients [2, 21]. Also, in the real-world setting, patients who were
relapsed/refractory to front-line Ven-HMA had median overall survival
of ~ 3 months, moreover survival was exceedingly poor in patients
with either TP53MUT, K/NRASMUT or ASXL1MUT (1-year survival <1% vs.
42% in the presence vs. absence of either of these mutations) [33].
Several real-world series have recapitulated the findings from

the VIALE-A trial with some differences [16, 19, 34–36] (Table 1). In
a Mayo Clinic study of 400 patients with ND-AML treated with Ven
(median dose: 200mg daily) in combination with either decitabine
(n= 265) or azacitidine (n= 148), 38% patients achieved CR, and
24% achieved CRi, resulting in an overall CR/CRi rate of 62% [19].
In the Mayo analysis, the highest CR/CRi rate (87%) was observed
in patients harboring one or more favorable mutations (NPM1,
IDH2, DDX41) without unfavorable mutations (TP53, FLT3-ITD,
RUNX1) and lowest response (CR/CRi; 44%) in patients with at least
one unfavorable mutation and no favorable mutation [19].
Similarly, survival was inferior in patients harboring adverse
karyotype, KMT2Ar, TP53MUT, KRASMUT, and IDH2WT [19]. The above
risk factors delineated low, intermediate, and high-risk groups
with corresponding median transplant-censored survival of: not
reached (3-year survival: 67%), 19.1 (33%), and 7.1 months (0%),
respectively [19]. In a separate multicenter retrospective study
including 154 Ven-HMA treated patients (77% with ND-AML) that
were older than 80 years (range; 80–92), 64% patients received
Ven 400mg, with treatment duration ranging from ≤ 7 days
(n= 6, 3.9%), 8-14 (n= 11, 7.1%), 15–21 (n= 8, 5.2%) and >

21 days (n= 116, 75.3%) [24]. CR/CRi was achieved in 73%, with
median overall survival of 13.2 months in treatment responders
[24]. 30-day and 60-day mortality rates were 8.5% and 17%,
respectively [24].

Fig. 2 Treatment algorithm for newly-diagnosed acute myeloid leukemia in patients unfit for venetoclax-hypomethylating agent.
Targeted inhibitors= FLT3, IDH1/2 or menin inhibitor. Ven-Venetoclax, HMA- hypomethylating agent- azacitidine (I/V or S/C), decitabine (I/V or
PO). *Consider sequential therapy with ivosidenib or enasidenib + azacitidine in select situations.

Table 1. Summary of treatment response, overall survival and risk
factors in newly-diagnosed unfit patients with acute myeloid leukemia
treated with Venetoclax and hypomethylating agent therapy.

VIALE- A study
Venetoclax
+ Azacitidine

Mayo Clinic study
Venetoclax
+Azacitidine or
Decitabine

N 286 400

CR/CRi rate 67% 62%

Genetic
predictors of
superior
response

Presence of IDH1/
IDH2MUT

Presence of
NPM1MUT

Presence of IDH2MUT

Presence of NPM1MUT

Presence of DDX41MUT

Absence of FLT3-ITDMUT

Absence of RUNX1MUT

Absence TP53MUT

Relapse rate 52% 40%

Median Overall
survival

14.7 months 13.2 months

Risk factors for
survival

Absence of MRD-
negative CR/CRi
Presence of
Adverse
cytogenetics

Absence of CR/CRi
Presence of Adverse
cytogenetics
Absence of IDH2MUT

Presence of TP53MUT

Presence of KRASMUT

Presence of KMT2Ar

Reference DiNardo et al., NEJM
2020

Gangat et al., AJH 2025
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From a practical standpoint, it is critical to optimize Ven dosing
schedule during cycle 1, since the majority of patients treated with
standard Ven dosing of 28 days experience clinically significant
myelosuppression. In the VIALE-A trial, hematologic adverse
events including grade ≥3 thrombocytopenia (46%), neutropenia
(43%), and febrile neutropenia (43%) were frequently observed
[2, 21, 37]. Furthermore, retrospective studies have consistently
shown similar efficacy and less toxicity with shorter Ven duration.
Accordingly, implementation of an abbreviated Ven dosing
schedule during the first cycle (14–21 days) is highly recom-
mended [38]. In a Mayo Clinic study, ND patients with AML
received Ven 14 days (n= 40, 15%), 21 days (n= 41, 15%), or
28 days (n= 189, 70%) during cycle 1. CR/CRi rates were similar
(68% vs. 66% vs. 62%) and survival was also similar in patients
receiving Ven for 14, 21 vs. 28 days, with respective median
survival of 18.6, 21.3, and 13.2 months [39]. Furthermore, Ven
treatment duration did not appear to influence response rates in
patients harboring one or more unfavorable mutations (TP53, FLT-
ITD, RUNX1) without favorable mutations (NPM1, IDH2, DDX41)
[39]. On the other hand, a non-significantly higher rate of grade 3
or higher infections was documented in patients receiving Ven for
28 vs. 21 vs. 14 days (28% vs. 18% vs. 20%) [39]. Similar findings
were recently reported in a comparative analysis of 82 patients
with ND-AML receiving azacitidine x 7 days plus Ven x 7 days
(7 + 7 regimen) at seven French centers vs. standard dose Ven-
HMA in cycle 1 (n= 111 receiving ≥21 days Ven) at MD Anderson
Cancer Center [40]. CR/CRi (72% each) and overall survival (11.2 vs.
10.3 months) were comparable, however, early mortality at
8 weeks (6% vs. 16%) and platelet transfusion requirements were
lower with abbreviated Ven dosing (62% vs. 77%) [40]. Moreover,
Ven duration did not appear to influence overall survival in
patients with the “less Ven sensitive” genetics of TP53MUT, FLT3-
ITD, KRASMUT, or NRASMUT [40].
Another key question is whether treatment-free remission (TFR)

can be achieved with Ven-HMA therapy. A multicentric study from
12 centers of the French Innovative Leukemia Organization (FILO)
group and Moffitt Cancer Center, analyzed the outcome of patients
in remission who discontinued therapy due to poor tolerance [41].
Among 62 patients with ND-AML, 28 patients stopped Ven-
azacitidine and 34 patients continued azacitidine monotherapy
and both groups had similar outcomes [42]. At a median follow-up
of 23months, treatment-free survival was 16 months (MRD-negative:
2-year treatment-free survival 80%), and was significantly influenced
by number of cycles of treatment [41]. Patients who received more
than 10 prior cycles had the longest treatment-free survival,
however, a minimum of five cycles was found to be associated
with an acceptable TFR (median TFR, not-reached vs. 10months)
[41]. In a separate retrospective comparative analysis of patients in
remission for ≥12 months on Ven-based therapy, 55% continued
therapy until disease progression, while 45% discontinued treatment
(STOP) [43]. Long-term follow-up ( > 5 years) showed median TFR of
45.8 months among the STOP cohort, with >50% of patients still in
sustained remission; successful TFR was more likely in patients with
NPM1MUT and/or IDH2MUT, in MRD-negative CR, and patients who
received ≥12 months of Ven-based therapy, suggesting that TFR is
achievable in a subset of patients [43]. Based on the available
evidence, we recommend treatment discontinuation be considered
in patients who received ≥12 cycles of Ven-based therapy and have
achieved MRD-negative CR.

Allogeneic stem cell transplantation (ASCT)
ASCT remains essential for securing long-term survival in AML, and
Ven-HMA therapy provides an opportunity to improve performance
status and fitness, thereby enabling eligibility for transplant. In a real-
world study from the Mayo Clinic, 55 of 400 (13.8%) patients
(median age: 69 years) were bridged to ASCT following a median of
3 cycles of Ven-HMA therapy [44]. At the time of transplant, 98%
were in CR/CRi or morphologic leukemia-free state. Median post-

transplant survival was not reached with 3-year survival of 62%.
Thirteen patients (24%) experienced post-transplant relapse and the
3-year cumulative incidence of relapse was 25%, significantly higher
in patients with adverse karyotype (80% vs. 17% for non-adverse)
[44]. Similarly, in a study of 29 patients receiving ASCT following
Ven-HMA, median post-transplant survival was 14.3 months with
outcomes comparable to those who were transplanted following
intensive chemotherapy [45]. In another study, 21 of 119 (18%) ND
non-core binding factor patients with AML≥ 60 years old, received
Ven-azacitidine as initial therapy and underwent ASCT with
significantly superior overall survival compared to 31 patients who
deferred ASCT (median survival not reached vs. 518 days) [46].
Additionally, among 33 patients treated on Ven-azacitidine clinical
trials and bridged to transplant, the median post-transplant survival
was 29.9 months and 1-year survival was 76% in MRD-negative
patients [47]. The above studies suggest that Ven-HMA can serve as
an effective bridging therapy to ASCT and offer long-term survival
benefits for patients deemed ineligible for intensive therapies.

FLT3 inhibitors in the front-line setting
Mutations in FMS-like tyrosine kinase 3 receptor (FLT3) involving
internal tandem duplication and tyrosine kinase domain occur in
~20% of ND patients with AML ≥ 70 years old, and have
differential prognostic impact [48]. FDA-approved oral small
molecule FLT3 inhibitors include midostaurin and quizartinib,
approved for front-line use in combination with 7 + 3 chemother-
apy [49, 50], and gilteritinib which is approved as monotherapy in
the relapsed/refractory setting [51]. Additionally, crenolanib
remains under clinical investigation [51], and sorafenib (approved
for renal and hepatocellular carcinoma) is available for off-label
use [52, 53].
The potential benefit of FLT3 inhibitors as part of lower-intensity

therapy for unfit patients with AML (reviewed in Table 2) has not
been confirmed in randomized studies. In a phase 3 trial of
gilteritinib plus azacitidine vs. azacitidine in patients with FLT3MUT

AML ineligible for intensive therapy, although CR/CRi rates were
higher (58% vs. 27%) in the gilteritinib-azacitidine arm, CR rates (16%
vs. 14%) and overall survival were similar (9.8 vs. 8.9 months) [54].
Limited data on the efficacy of quizartinib or sorafenib in
combination with HMA exists. In a phase 1/2 trial in patients with
FLT3-ITD AML or myelodysplastic syndrome (MDS) unfit for intensive
therapy, quizartinib was administered with either azacitidine or low-
dose cytarabine (LDAC) based on physician discretion. Among 34
patients that were previously untreated, CR/CRi was documented in
87% (CR in 53%) and 74% (CR in 5%) patients receiving quizartinib-
azacitidine, and quizartinib-LDAC, respectively, while grade 3 QTc
prolongation occurred in two patients. Median overall survival was
numerically better in patients receiving quizartinib with azacitidine
vs. LDAC (19.2 vs. 8.5 months). Like other FLT3 inhibitors, sorafenib
may be used off-label based on data from two phase 2 studies
(NCT01254890 and NCT02196857) which evaluated sorafenib
400mg twice daily plus azacitidine in unfit patients with FLT3-ITD
AML [53]. CR/CRi was achieved in 19 of 27 (70%) patients with
median response duration of 14.5 months. Notable toxicities
included grade 1/2 hyperbilirubinemia (22%), diarrhea (22%), fatigue
(22%), and nausea (19%), and grade 3/4 infections (26%) and
neutropenic fever (26%) [53].
A key unanswered question remains: how does the efficacy and

tolerability of FLT3 inhibitor-HMA combinations compare to those
of Ven-HMA in FLT3MUT AML? In general, presence of FLT3-ITD is
associated with lower response to Ven-HMA therapy; in a pooled
analysis of FLT3MUT patients treated on Ven-azacitidine clinical
trials, CR/CRi rate in patients with FLT3-ITD and FLT3-TKD was 63%
and 77% and median overall survival was 9.9 and 19.2 months,
respectively [55]. Similarly, in a Mayo Clinic study of ND-AML
treated with Ven-HMA, CR/CRi rates were found to be significantly
lower (41%) among 39 patients who harbored FLT3-ITD compared
to 64% in those without FLT3-ITD [19].
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Current efforts to improve outcomes in FLT3MUT AML, leverage
the preclinical synergy between FLT3 inhibitors, as well as the
promising clinical activity observed with these combinations in
the relapsed/refractory setting [56, 57]. The triplet combination of
azacitidine, Ven (cycle 1 28 days, cycle 2 days 1–14), and
gilteritinib (days 1-28) was investigated in ND unfit patients with
AML (median age; 71 years, 73% FLT3-ITD) [58]. Among 30 patients
treated in the front-line setting, CR (90%), and CRi (6%) was
achieved in 96%, with 93% of patients MRD- negative by flow
cytometry [58]. Moreover, responses were durable with only five
relapses and 18-month overall survival was 72% [58]. Significant
toxicities included grade 3 febrile neutropenia (in 33%), and
infection (in 50%) [58]. Similar high rates of efficacy have also been
reported with the triplet regimen of decitabine, quizartinib and
Ven [59]. Ultimately, results from the phase II MyeloMATCH trial
which compares treatment Ven-azacitidine to the combination of
Ven-azacitidine and gilteritinib in older and unfit patients with
AML and FLT3MUT (NCT06317649), will inform optimal
management.

IDH1/2 inhibitors in the front-line setting
Twenty percent of older patients with AML harbor mutations in
isocitrate dehydrogenase 1 (IDH1) (6%), or IDH2 (12–15%), typically
seen in association with normal karyotype and NPM1MUT [60].
Ivosidenib is an oral targeted FDA-approved agent for ND-IDH1MUT

AML as monotherapy or in combination with azacitidine. Results
from pivotal clinical trials with IDH1/2 inhibitors in ND-AML are
summarized in Table 3.
The clinical activity of ivosidenib monotherapy in ND-AML

ineligible for intensive therapy was established through a phase 1
sub-study conducted in 34 patients with IDH1MUT ND-AML
(median age: 76.5 years) who received ivosidenib 500mg daily.
CR/CRi was achieved in 42% (CR in 30%), median duration was not
reached and 62% remained in remission at 1 year [61]. Major
toxicities included differentiation syndrome and QTc prolongation
in 9% of patients each [61]. Subsequent preclinical work
suggested addition of azacitidine to ivosidenib enhances differ-
entiation and apoptosis, and led to the clinical study of
azacitidine-ivosidenib in ND-AML unfit for intensive therapy [62].
A total of 23 patients were treated with ivosidenib-azacitidine
combination therapy (median age: 76 years), CR was achieved in
61% (median time to CR: 3.7 months), with IDH1MUT clearance in
71%, and 1-year survival rate of 82% [62]. In terms of treatment-
related toxicities, differentiation syndrome and Qtc prolongation
were documented in 17% and 26%, respectively [62]. These
findings paved the way for a phase 3 trial of ivosidenib-azacitidine
(n= 72) vs. placebo-azacitidine (n= 74) in which both CR/CRi rates
(54% vs. 16%) and median overall survival (24 vs. 7.9 months) were
superior in the ivosidenib-azacitidine arm [18].
Unlike the case with ivosidenib, enasidenib, an inhibitor of

mutant IDH2 is not approved for front-line use due to lack of
survival advantage over azacitidine monotherapy. In a phase 1/2
investigation in ND-AML harboring IDH2MUT, 39 patients (median
age: 77 years) received enasidenib 100 mg daily, CR rate was only
18%; common treatment-related adverse events included indirect
hyperbilirubinemia (in 31%), nausea (in 23%), and fatigue,
anorexia, and rash (in 18% each) [63]. This was followed by a
randomized non-blinded phase 2 study which compared
enasidenib-azacitidine (n= 68) with azacitidine alone (n= 33);
57% patients in the enasidenib-azacitidine group compared to
18% patients in the azacitidine monotherapy group achieved CR/
CRi, however, overall survival remained similar in both treatment
groups (median: 22 vs. 22.3 months) [64]. Treatment-related grade
3 or 4 adverse events were more likely with enasidenib-azacitidine
- thrombocytopenia (37% vs. 19% in the azacitidine-only group),
neutropenia (37% vs. 25%), and febrile neutropenia (16% vs. 16%)
[64]. A separate phase 2/1b study applied a risk-adapted
treatment strategy with enasidenib monotherapy for up 5 cyclesTa
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and in patients who did not achieve CR/CRi by cycle 5 or who
progressed, azacitidine was added to enasidenib [65]. CR/CRi was
achieved in 40% and 30%, with enasidenib monotherapy (n= 60),
and enasidenib + azacitidine (n= 17), respectively [65].
Overall, presence of IDH1/2MUT, particularly IDH2MUT have

demonstrated favorable response and survival following Ven-
HMA therapy in clinical trial as well as real-word analyses [19, 21].
In a pooled analysis of IDH1/2MUT patients treated on Ven-
azacitidine trials, CR/CRi rates were 67% and 86% among IDH1MUT

and IDH2MUT cases, respectively [66]. Median overall survival was
not reached vs. 15.2 months among IDH2MUT and IDH1MUT

mutated cases, respectively [66]. Notably, CR/CRi rates were
higher in IDH2R172 (93%) compared to 1DH2R140 (83%).
Preclinical and clinical studies have demonstrated synergy

between IDH inhibitors and Ven [67]. Accordingly, Ven-HMA +
IDH inhibitor triplet combinations are currently under active
investigation [68]. A phase 1b/II study evaluated the safety and
efficacy of ivosidenib + Ven, with or without the addition of
azacitidine in patients with ND-IDH1MUT AML; CR/CR rate was
83% vs. 90% with doublet vs. triplet combination [69].
Furthermore, responses were deeper and more durable in
patients receiving the triplet compared to the ivosidenib-Ven
doublet, with flow MRD–negative CR/CRi rates of 75% vs. 50%
and a 24-month overall survival of 75% vs. 58% [69]. Also, in a
recently published pooled analysis of 60 patients with IDH1/2MUT

ND-AML, unfit to receive intensive therapy, treated with IDH
inhibitor triplet either ivosidenib-Ven-azacitidine or ivosidenib/
enasidenib-oral decitabine-Ven, CR/CRi was achieved in 92%; 2
year overall survival was 69% with cumulative incidence of
relapse of 24% [70]. In ND patients with AML who had not
received prior HMA or Ven for prior myelodysplastic syndrome,
the 2-yr overall-survival was 84% and cumulative incidence of
relapse was 20% [70]. A Phase 3 randomized trial (EVOLVE-1) is
now enrolling to confirm the benefit of a front-line triplet
regimen for IDH1MUTAML.

Menin inhibitors in the front-line setting
KMT2Ar occur infrequently in adult AML (~5%,), and are associated
with exceedingly poor survival witth Ven-HMA therapy [71]. In a
Mayo clinic study of Ven-HMA treated ND-AML, among 7 of 400
(2%) patients with KMT2Ar, CR/CRi rate was 43% and median
overall survival only 2.5 months [19], underlining an unmet need
for new therapeutic approaches. Revumenib is a first-in-class
menin inhibitor approved for relapsed/refractory KMT2Ar with CR
rate OF 17.5% and median OS of 8 months [72]. Recently
published results of the combination of revuminib with Ven-
azacitidine in the front-line setting, showed CR/CRi in 89% (CR in
78%) patients with KMT2Ar [73]. Moreover, all patients were MRD-
negative by flow cytometry [73]. Beyond KMT2Ar, menin inhibitors
have also displayed activity in NPM1MUT AML [74], and in the
aforementioned study, 79% of patients achieved CR/CRi with CR in
65% [73]. Overall, the triplet combination was deemed safe with
differentiation syndrome (in 19%) and Qtc prolongation (in 44%)
patients, and a protocol amendment has now reduced the Ven
duration per cycle to improve myelosuppression related compli-
cations [73]. Other menin inhibitors under development include
ziftomenib [75, 76] and bleximenib, being studied in combination
with Ven and azacitidine [77]. An all oral combination regimen of
revumenib with decitabine/cedazuridine and Ven is also under
investigation [78]. Randomized studies of the triplet combination
vs. Ven-HMA are planned to evaluate the added benefit of menin
inhibition on response rates and survival outcomes.

CONCLUDING REMARKS
In recent years, there is an acute awareness that treatment response
and survival outcomes among unfit patients with ND-AML receiving
Ven-HMA are highly heterogeneous and strongly associated withTa
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underlying genomic profile. Given that Ven-HMA therapy is not
curative in the vast majority of patients, an individualized approach
to treatment selection is recommended and ASCT in remission
should be strongly considered. We recommend comprehensive NGS
testing, or at minimum testing for actionable mutations, with
consideration of rapid turnaround times to facilitate timely selection
of appropriate therapies. Importantly, overtreatment should be
avoided. Recent data suggest that reduced Ven exposure during
cycle 1, induces response rates comparable to the standard 28-day
dosing, while mitigating toxicity, and without compromising overall
survival. A randomized study of 14 vs. 28 days of Ven with
azacitidine is ongoing to address this question. Current clinical trials
are investigating Ven-HMA in combination with targeted therapies
(FLT3, IDH1/2, or menin inhibitors) in patients with actionable
abnormalities in order to improve depth and durability of response
[58, 69, 70, 73]. These combinatorial strategies may also mitigate on-
target, off-tumor toxicity while optimizing the overall benefit-risk
ratio [79]. Several randomized trials are ongoing to confirm whether
triplet regimens add incremental value (i.e. improvements in
response rates and overall survival without incurring additional
toxicity) for these various genomic AML subgroups.
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