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Abstract

The therapeutic landscape of acute myeloid leukemia (AML) has changed
substantially over the past decade with the incorporation of molecularly targeted
agents, lower-intensity venetoclax-based regimens, and increasingly refined genetic
risk stratification. Among these advances, the combination of venetoclax with
hypomethylating agents has become a pivotal treatment backbone for older or
medically unfit patients with newly diagnosed AML, producing higher remission rates
andlonger survival than hypomethylating-agent monotherapy. However, venetoclax-
based therapy is not curative for most patients. Primary resistance, incomplete
eradication of leukemia stem and progenitor populations, lineage-associated drug
tolerance, clonal evolution, and short survival after relapse have revealed major
limitations of this approach. These challenges define the emerging post-venetoclax
era of AML therapy. In this setting, treatment development is shifting from empiric
intensification toward rational, biomarker-guided strategies that combine venetoclax-
based backbones with targeted inhibitors of FLT3, IDH1/2, menin-dependent
transcriptional programs, and other disease-specific vulnerabilities. At the same time,
adverse-risk entities such as TP53-mutated AML continue to show limited benefit
from venetoclax-based therapy, underscoring the need for alternative therapeutic
frameworks. This review summarizes the clinical impact of venetoclax-based therapy,
the biological and clinical mechanisms underlying treatment failure, and emerging
strategies designed to improve outcomes after or beyond venetoclax exposure. We
particularly highlight molecularly guided triplet regimens, menin inhibition, salvage
approaches after hypomethylating-agent/venetoclax failure, measurable residual
disease-guided treatment adaptation, and unresolved challenges in trial design,
toxicity management, and patient selection. Understanding AML therapy through
the lens of the post-venetoclax era may provide a practical framework for integrating
targeted agents into precision treatment algorithms.

Keywords: Acute myeloid leukemia; Venetoclax; Hypomethylating agents; Triplet
therapy; Targeted therapy; Menin inhibitors

1. Introduction

Acute myeloid leukemia (AML) is a biologically heterogeneous hematologic malignancy
characterized by clonal expansion of immature myeloid progenitors, impaired
differentiation, and variable sensitivity to therapy.! For decades, intensive cytarabine-
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and anthracycline-based induction chemotherapy
represented the central therapeutic platform for medically
fit adults, whereas older patients or those with significant
comorbidities were commonly treated with lower-intensity
approaches such as hypomethylating agents or low-
dose cytarabine.*® Although this historical framework
remains relevant, it has become increasingly insufficient
for a disease now defined by recurrent genetic lesions,
measurable residual disease dynamics, clonal evolution,
and patient-specific tolerance to therapy.? Contemporary
AML management therefore requires a therapeutic
model that integrates disease biology, treatment intensity,
molecular targetability, and resistance risk.

The development of venetoclax-based lower-intensity
therapy has been one of the most important advances in
AML treatment. Venetoclax is a selective inhibitor of the
anti-apoptotic protein BCL-2 and acts by lowering the
apoptotic threshold of leukemic cells.* When combined with
azacitidine, venetoclax significantly improved remission
rates and overall survival compared with azacitidine
alone in previously untreated patients with AML who
were ineligible for intensive chemotherapy.® The phase III
VIALE-A trial established azacitidine plus venetoclax as a
major standard-of-care regimen in this patient population,
demonstrating that targeted modulation of mitochondrial
apoptosis could be successfully incorporated into a lower-
intensity clinical strategy” This changed not only the
treatment of older or unfit patients, but also the conceptual
framework of AML therapy by positioning venetoclax as
a backbone upon which additional targeted agents could
be layered.

However, the success of venetoclax-based therapy has
also exposed a new set of clinical problems. A substantial
fraction of patients fail to achieve durable remission, and
most responders ultimately relapse.>® Outcomes after
failure of hypomethylating-agent/venetoclax therapy are
poor, and optimal salvage strategies remain undefined.”
In this context, the term “post-venetoclax era” should
not be understood narrowly as the sequence of therapies
administered after venetoclax failure. Rather, it describes
a broader therapeutic phase in AML, in which venetoclax
exposure has become common, resistance patterns are
increasingly recognized, and new treatment strategies must
account for prior BCL-2 inhibition, molecular evolution,
and residual clonal architecture.

Despite the clinical success of venetoclax-based
therapy, primary resistance and relapse remain common
and represent major barriers to durable disease control.®
Resistance is biologically heterogeneous and may
involve altered apoptotic dependence, lineage plasticity,
activation of proliferative signaling pathways, metabolic

adaptation, and clonal evolution. These mechanisms can
reduce sustained reliance on BCL-2 and allow resistant
subpopulations to persist or expand under treatment
pressure. Importantly, the clinical implications of
resistance extend beyond treatment failure itself, because
the molecular and phenotypic landscape at relapse may
differ substantially from that observed at diagnosis. This
provides a strong rationale for repeat molecular assessment
and for the development of resistance-adapted therapeutic
strategies, which are discussed in detail in subsequent
sections.

The therapeutic response to these limitations
is increasingly shifting toward molecularly guided
combination strategies. Rather than relying on uniform
treatment intensification, current approaches seek to
integrate genotype-directed agents with established
venetoclax-based backbones according to the dominant
biological driver of each AML subtype. This framework
has supported the development of FLT3-, IDH-, and
menin-directed combinations, although the maturity
of clinical evidence differs substantially across these
approaches. Some targeted agents are already approved
in defined molecular and disease settings, whereas many
venetoclax-based triplet regimens remain investigational
and are supported primarily by early-phase studies.” This
distinction between established therapy and emerging
combinations is increasingly important in defining
treatment strategies in the post-venetoclax era.

Amongemerging targeted approaches, menin inhibition
is particularly relevant to the post-venetoclax era. KMT2A-
rearranged and NPM1-mutated AML are characterized
by aberrant transcriptional programs involving HOXA/
MEIS1 and menin-KMT2A-dependent leukemogenic
circuitry.!®™ Menin inhibitors such as revumenib and
ziftomenib have demonstrated clinical activity in relapsed
or refractory genetically defined AML subsets, providing
a new therapeutic class that may be integrated into both
salvage and frontline combination settings.'®"" Their
development illustrates how AML therapy is increasingly
moving beyond broad cytotoxic or epigenetic approaches
toward genotype-directed disruption of transcriptional
dependencies.

At the same time, important therapeutic gaps remain
in biologically adverse AML subsets. TP53-mutated AML
is a particularly prominent example, as initial responses to
venetoclax-containing therapy frequently fail to translate
into durable remission or prolonged survival.'? This
contrasts with several molecularly defined AML subsets
in which targeted therapies have increasingly expanded
treatment options. The persistent poor outcomes of TP53-
mutated and other adverse-risk AML therefore highlight
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the limitations of simply intensifying venetoclax-based
therapy and underscore the need for alternative treatment
paradigms.

emerging molecularly guided triplet strategies, treatment
options after venetoclax failure, the expanding role of
menin inhibitors, and persistent unmet needs in TP53-

mutated and other high-risk AML subsets. Finally, we
consider how measurable residual disease, adaptive trial
designs, and integrated molecular monitoring may guide
the next generation of AML treatment algorithms (Figure

1).

1.1. Literature search strategy

In this review, we discuss therapeutic strategies in
the post-venetoclax era of AML. We first summarize the
clinical role of hypomethylating-agent/venetoclax therapy
and its limitations as a new treatment backbone. We
then examine the biological and clinical mechanisms of
venetoclax resistance, with emphasis on lineage plasticity,
apoptotic rewiring, signaling pathway activation, clonal

evolution, and adverse-risk genotypes. Next, we review In this narrative review, relevant literature was identified

primarily through searches of PubMed/MEDLINE using

Figure 1. Proposed treatment framework after hypomethylating agent plus venetoclax failure in acute myeloid leukemia. Following confirmation of
refractory disease or relapse, repeat molecular and cytogenetic assessment guides consideration of approved genotype-directed therapy, where the relevant
indication applies, or clinical-trial enrollment. Clinical trials should be considered in either branch; venetoclax-containing FLT3-, IDH-, and menin-
directed triplets remain investigational. In the absence of a suitable trial, salvage therapy is individualized according to disease biology, prior treatment
exposure, patient fitness, and treatment goals. Transplant assessment should begin early and be revisited after salvage therapy, with allogeneic hematopoietic
stem cell transplantation considered in selected patients when disease control and fitness permit. Response assessment and measurable residual disease or
molecular monitoring inform subsequent management where appropriate. This framework represents a proposed clinical approach rather than a validated
treatment algorithm, and approval in relapsed or refractory disease does not establish efficacy specifically after HMA/venetoclax failure. Menin inhibitor
indications: Revumenib is FDA-approved for relapsed or refractory acute leukemia with a KMT2A translocation in patients aged > 1 year, and for relapsed
or refractory AML with a susceptible NPM1 mutation in patients aged > 1 year who have no satisfactory alternative treatment options. Ziftomenib is FDA-
approved for adults with relapsed or refractory AML with a susceptible NPM1 mutation who have no satisfactory alternative treatment options.
Abbreviations: AML: Acute myeloid leukemia; FDA: U.S. Food and Drug Administration; HMA: Hypomethylating agent; HSCT: Hematopoietic stem cell
transplantation; MRD: Measurable residual disease; VEN: Venetoclax.
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combinations of the terms “acute myeloid leukemia,’
“venetoclax,” “hypomethylating agents,” “venetoclax
resistance,” “FLT3, “IDH1, “IDH2, “menin inhibitor,
“revumenib,” “ziftomenib,” “TP53) “triplet therapy;
“measurable residual disease;” and “salvage therapy” The
literature search primarily covered publications from
January 2018 through September 2026, with -earlier
landmark studies included when necessary to provide
historical or mechanistic context. Priority was given to
randomized clinical trials, prospective clinical studies,
regulatory approval data, large retrospective cohorts,
major consensus guidelines, and mechanistically relevant
translational studies. Additional references were identified
from the bibliographies of key publications. Because this
was a narrative rather than systematic review, no formal
meta-analytic or risk-of-bias assessment was performed.

2. Hypomethylating agent or venetoclax as
a new therapeutic backbone

The combination of hypomethylating agents (HMAs) and
venetoclax has reshaped the treatment paradigm for older
or medically unfit patients with newly diagnosed AML.**
Before the venetoclax era, lower-intensity therapy with
azacitidine, decitabine, or low-dose cytarabine provided
modest response rates and limited survival benefit for
patients who were not candidates for intensive induction
chemotherapy?® The addition of venetoclax to HMAs
changed this therapeutic expectation by transforming a
historically palliative approach into a remission-inducing
platform. Early phase studies showed that venetoclax
combined with azacitidine or decitabine produced
encouraging response rates in elderly patients with
AML, establishing the biological and clinical rationale
for subsequent randomized evaluation.”” The phase III
VIALE-A trial then demonstrated that azacitidine plus
venetoclax significantly improved composite complete
remission rates and overall survival compared with
azacitidine alone in treatment-naive patients who were
ineligible for intensive chemotherapy.®> Long-term
follow-up further confirmed the durability of the survival
benefit and did not reveal new safety signals, supporting
the regimen as a standard lower-intensity backbone in this
population.'

The clinical importance of HMA/venetoclax therapy
extends beyond its efficacy in older or unfit patients.”
Conceptually, this regimen introduced a new therapeutic
architecture for AML: a tolerable epigenetic-apoptotic
backbone that can be adapted according to disease
genetics, response depth, comorbidities, and treatment
goals. Venetoclax targets BCL-2-dependent survival,
whereas HMAs may increase apoptotic priming and

modify transcriptional programs that sensitize leukemic
cells to mitochondrial apoptosis.’** This mechanistic
complementarity helps explain why the combination is
substantially more active than either class alone. In clinical
practice, HMA/venetoclax has therefore become not only
a frontline regimen for intensive-ineligible AML, but also
a reference platform for testing genotype-directed triplets
and response-adapted strategies.'*

Another important contribution of HMA/venetoclax
therapy is its ability to produce deep remissions in a
subset of patients. In an exploratory analysis of VIALE-A,
patients who achieved composite complete remission with
measurable residual disease (MRD) below 10~ had longer
duration of remission, event-free survival, and overall
survival than responding patients with persistent MRD.?!
These findings suggest that depth of response remains
clinically meaningful even in lower-intensity therapy and
that MRD assessment may help refine post-remission
management. However, theroleof MRDinvenetoclax-based
treatment is still evolving. Unlike intensive chemotherapy,
where MRD has been extensively incorporated into risk-
adapted decision-making, the optimal timing, assay type,
and clinical actionability of MRD during HMA /venetoclax
therapy remain less clearly defined. This uncertainty is
particularly relevant when deciding whether to continue
indefinite therapy, reduce venetoclax duration, proceed
to allogeneic transplantation, or intensify treatment in
patients with molecular persistence.

Despite its impact, HMA/venetoclax therapy has
several intrinsic limitations. First, it is not curative for most
patients.”? Many patients relapse despite achieving initial
remission, and survival after HMA/venetoclax failure
is generally poor.”? Second, the regimen is associated
with clinically relevant myelosuppression, prolonged
cytopenias, infectious complications, and frequent need
for dose or schedule modifications.?** These toxicities are
manageable but require careful bone marrow assessment,
treatment delays, venetoclax duration adjustments,
and supportive care.® Real-world analyses suggest that
schedule modifications can be used to manage cytopenias
without necessarily compromising outcomes, but they
also highlight the practical complexity of delivering this
regimen outside clinical trials.?*”” Thus, HMA/venetoclax
should not be viewed as a low-toxicity therapy simply
because it is lower intensity than induction chemotherapy.

Third, the benefits of HMA/venetoclax are not uniform
across AML subgroups.?® Patients with NPM1 or IDH1/2
mutations may experience relatively favorable responses,
whereas those with TP53 mutations, complex karyotype, or
signaling pathway activation often have shorter remission
duration and inferior survival?**?° This molecular
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heterogeneity argues against treating HMA/venetoclax asa
universal solution for intensive-ineligible AML. Instead, it
should be considered a backbone whose adequacy depends
on the biological context. In favorable molecular subsets,
the doublet may provide meaningful disease control and
serve as a bridge to transplantation in selected patients.* In
adverse-risk subsets, particularly TP53-mutated AML, the
doublet may increase remission rates without overcoming
the fundamental biology of treatment resistance.”

These limitations explain why the field is now moving
beyond the initial question of whether HMA /venetoclax
is superior to HMA alone. The more relevant question
in the post-venetoclax era is how this backbone should
be optimized, combined, discontinued, sequenced, or
replaced. For some patients, optimization may involve
individualized venetoclax scheduling to reduce cytopenias.
For others, the key strategy may be the addition of a
molecularly targeted third agent, such as a FLT3 inhibitor,
IDH inhibitor, or menin inhibitor.*® In patients who
relapse after HMA/venetoclax, prior exposure to BCL-2
inhibition must be incorporated into salvage decision-
making.*>** Therefore, HMA/venetoclax represents both a
major therapeutic advance and the starting point for a new
set of clinical challenges that define contemporary AML
treatment.

3. Mechanisms of primary and acquired
resistance to venetoclax

Although HMA/venetoclax therapy has substantially
improved outcomes for older or intensive-ineligible
patients with AML, resistance remains a major limitation.*
Resistance may be present at diagnosis, emerge under
therapeutic pressure, or become clinically apparent after
an initial remission.** Importantly, venetoclax resistance
is not driven by a single mechanism. Instead, it reflects
convergent biological adaptations involving apoptotic
rewiring, lineage-associated drug tolerance, signaling
pathway activation, metabolic plasticity, leukemia stem
cell persistence, and clonal evolution.*****” Understanding
these mechanisms is essential for the rational design of
post-venetoclax therapeutic strategies.

A central mechanism of resistance is loss of BCL-2
dependence. Venetoclax selectively inhibits BCL-2, but
AML cells can escape apoptosis by shifting survival
dependence toward alternative anti-apoptotic proteins,
particularly MCL-1 and BCL-XL.** Increased MCL-1
expression or activity can reduce venetoclax sensitivity,
whereas co-targeting MCL-1 or suppressing MCL-1
through upstream pathways may restore apoptotic
priming in resistant AML models.””*'** These findings

provide a mechanistic rationale for combination strategies
that indirectly or directly counteract MCL-1-mediated
resistance. However, because MCL-1 is also essential for
normal tissue homeostasis, especially in hematopoietic
and cardiac contexts, therapeutic exploitation of this
vulnerability requires careful attention to toxicity and
therapeutic index.*

Lineage state is another important determinant of
venetoclax response. Monocytic differentiation has been
associated with relative resistance to venetoclax-based
therapy. Pei and colleagues® showed that monocytic AML
subclones exhibit reduced BCL-2 expression, increased
MCL-1 dependence, and resistance to venetoclax plus
azacitidine. This resistance may reflect pre-existing
lineage heterogeneity or treatment-driven selection of
monocytic subpopulations.*® Clinically, this suggests
that blast percentage and diagnostic genotype alone may
be insufficient to predict response; the developmental
state and lineage composition of leukemic cells may also
influence therapeutic sensitivity. Monocytic features
should therefore be viewed as a biological warning signal
rather than an absolute predictor of treatment failure.**’

Genetic lesions that activate proliferative and survival
signaling pathways further contribute to venetoclax
resistance. FLT3-ITD, RAS pathway mutations, and
PTPN11 mutations have been linked to reduced sensitivity
or early relapse after venetoclax-based treatment.?>*® These
lesions may promote alternative anti-apoptotic programs,
enhance mitochondrial adaptation, and sustain leukemic
proliferation despite BCL-2 inhibition. Their clinical
relevance is particularly important because they provide
actionable targets for rational combination therapy. The
emergence or persistence of FLT3- or RAS-pathway
alterations after HMA /venetoclax therapy supports repeat
molecular profiling at relapse and provides a rationale for
integrating kinase-directed agents into venetoclax-based
regimens.

TP53-mutated AML represents a distinct resistance
context.” Although venetoclax plus azacitidine can
increase remission rates in adverse-risk AML, patients
with TP53 mutations and poor-risk cytogenetics generally
experience short remission duration and limited survival
benefit.?**** This indicates that initial cytoreduction
does not necessarily overcome the underlying biology
of genomic instability, complex karyotype, impaired
apoptotic regulation, and rapid clonal adaptation.
Accordingly, TP53-mutated AML should not be managed
simply as a subgroup expected to benefit from venetoclax
intensification. It requires dedicated therapeutic strategies
and clinical trial designs that address adverse-risk biology
directly.
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Metabolic plasticity and leukemia stem cell persistence
also influence venetoclax response.”® Azacitidine plus
venetoclax can disrupt amino acid metabolism and
oxidative phosphorylation in AML stem/progenitor
populations, providing a mechanistic basis for its clinical
activity.>*** However, resistant cells may maintain
mitochondrial fitness through alternative metabolic
programs, altered substrate utilization, or compensatory
survival pathways.””*® Residual stem-like compartments
may therefore persist despite morphologic remission
and later drive relapse.*® Consistent with this concept,
apoptotic dependencies within AML stem and progenitor
compartments have been associated with clinical response
to azacitidine/venetoclax.*

Collectively, these mechanisms suggest that venetoclax
resistance is best understood as a failure of sustained
BCL-2 dependence. Some AML cells are intrinsically
less dependent on BCL-2 because of lineage state or
adverse genotype, whereas others acquire alternative
survival programs during therapy. This concept has direct
therapeutic implications. ~Signaling-driven resistance
supports FLT3- or pathway-directed combinations;
transcriptionally defined AML subsets may benefit from
menin inhibitor-based strategies; and TP53-mutated AML
may require non-venetoclax-centered approaches. Thus,
resistance biology provides the rationale for moving from
a uniform HMA/venetoclax doublet toward molecularly
guided and resistance-adapted therapy.

4. Molecularly guided triplet therapy

Animportant consideration in the evolving post-venetoclax
treatment landscape is the level of evidence supporting
each therapeutic strategy. HMA/venetoclax represents
an established frontline backbone for appropriately
selected intensive-ineligible patients, whereas several
genotype-directed agents have regulatory approval in
defined molecular and disease settings.®® In contrast,
most venetoclax-based triplet regimens remain supported
primarily by phase I/II or single-arm studies and should
therefore be considered promising rather than established
standards. This distinction is particularly important when
interpreting high response rates from early-phase studies,
which may not necessarily translate into improved long-
term survival in randomized comparisons.

The recognition that HMA/venetoclax is an effective
but incomplete therapeutic backbone has accelerated the
development of molecularly guided triplet regimens in
AML.?*! The central rationale is not simply to intensify
therapy by adding a third drug, but to match the additional
agent to a dominant biological driver or resistance
pathway.** In this model, HMA/venetoclax provides a

broadly active epigenetic-apoptotic platform, whereas the
third agent targets a genotype-defined dependency such as
FLT3 signaling, mutant IDH-driven metabolism, or menin-
dependent transcriptional addiction.*"¢'%* This strategy is
particularly relevant in the post-venetoclax era, because
many of the lesions selected or enriched after venetoclax
exposure are themselves therapeutically actionable.

FLT3-mutated AML provides one of the strongest
examples of this approach. FLT3-ITD and FLT3-TKD
mutations activate proliferative and survival signaling
pathways and have been associated with inferior durability
of response to HMA/venetoclax therapy.* These lesions
may promote resistance through enhanced kinase signaling,
increased MCL-1 expression, and reduced dependence on
BCL-2-mediated apoptosis. Combining FLT3 inhibition
with HMA/venetoclax is therefore mechanistically
attractive. Early studies of triplet therapy using an HMA,
venetoclax, and an FLT3 inhibitor showed encouraging
activity in FLT3-mutated AML, including in relapsed or
refractory settings.®® More recently, azacitidine, venetoclax,
and gilteritinib demonstrated high response rates in both
newly diagnosed and relapsed or refractory FLT3-mutated
AML, supporting the feasibility of integrating a potent
FLT3 inhibitor into a venetoclax-based lower-intensity
backbone.®® These data suggest that FLT3-mutated
AML may be better approached through simultaneous
suppression of apoptotic and kinase-dependent survival
programs rather than through sequential monotherapies.

Direct comparisons between molecularly guided triplets
and optimized doublets remain limited, and the available
evidence should therefore be interpreted according to
trial design. In FLT3-mutated AML, venetoclax plus
azacitidine achieved a composite complete remission rate
of approximately 67% and a median overall survival of 12.5
monthsinapooled biomarker analysis, whereas azacitidine,
venetoclax, and gilteritinib produced composite complete
remission rates exceeding 90% in prospective phase II
studies, with recent long-term follow-up reporting a
median overall survival of approximately 29.7 months in
newly diagnosed patients. However, these results are not
derived from randomized head-to-head comparisons,
and differences in patient selection, transplant rates, and
supportive care preclude definitive conclusions regarding
incremental survival benefit. Notably, the randomized
LACEWING trial demonstrated that adding gilteritinib
to azacitidine increased composite remission from 26.5%
to 58.1% but did not improve median overall survival
(8.87 vs 9.82 months), illustrating that higher remission
rates do not necessarily translate into longer survival.”’
A similar distinction is evident in IDHI-mutated AML.
The randomized AGILE trial established ivosidenib

Volume X Issue X (2026)

doi: 10.36922/CP026320047


https://doi.org/10.36922/CP026320047

Cancer Plus

Post-venetoclax therapy for AML

plus azacitidine as an effective doublet, with a complete
remission rate of approximately 47% and median overall
survival of 24.0 months, subsequently extending to 29.3
months with longer follow-up.®® By comparison, early-
phase ivosidenib-venetoclax—azacitidine therapy produced
composite complete remission rates of approximately
90%, with 63% of evaluable patients achieving MRD-
negative remission and a reported median overall survival
of 42 months. Although these findings suggest that
triplet therapy may increase response depth, the small
cohort size and non-randomized design prevent direct
attribution of the apparent survival advantage to the third
agent. Likewise, azacitidine, venetoclax, and revumenib
achieved an overall response rate of 88.4% and a composite
complete remission rate of 81.4% in older patients with
newly diagnosed NPMI-mutated or KMT2A-rearranged
AML, but randomized comparison with an optimized
venetoclax-based doublet is still lacking. Collectively,
current evidence supports the biological and clinical
promise of genotype-directed triplets, but randomized
studies remain necessary to determine whether deeper
remission and greater molecular clearance translate into
durable overall survival benefit.

Nevertheless, FLT3-directed triplets illustrate both the
promise and complexity of this strategy.*! The addition of
a FLT3 inhibitor may deepen responses and suppress early
outgrowth of FLT3-mutant clones, but it also increases
the need for careful management of myelosuppression,
infections,  drug-drug interactions, and  dose
interruptions.*»® In clinical practice, the therapeutic goal
is not maximal continuous exposure to all three agents, but
sufficient target inhibition with tolerable marrow recovery.’*
This is especially important for older patients, who may
benefit from effective lower-intensity therapy but are also
vulnerable to prolonged cytopenias. Therefore, future
development of FLT3-directed triplets should focus not
only on response rates, but also on duration of remission,
MRD clearance, transplant feasibility, post-transplant
maintenance, and optimal venetoclax scheduling.

IDHI- and IDH2-mutated AML represents another
biologically rational setting for triplet therapy.*”® IDH
mutations produce the oncometabolite 2-hydroxyglutarate,
impair differentiation, and create targetable metabolic and
epigenetic dependencies. HMA/venetoclax already appears
highly active in IDH1/2-mutated AML, with analyses from
treatment-naive cohorts showing favorable responses and
survival in this molecular subgroup.® At the same time,
IDH inhibitors such as ivosidenib and enasidenib can
induce differentiation and have established activity in
IDH-mutated AML. The combination of ivosidenib with
azacitidine improved outcomes compared with azacitidine

alone in newly diagnosed IDHI-mutated AML, confirming
that targeted differentiation therapy can be effectively
paired with epigenetic treatment.”" Building on this logic,
early-phase studies of ivosidenib with venetoclax with or
without azacitidine demonstrated encouraging activity
and high MRD-negative remission rates in IDHI-mutated
myeloid malignancies.”? These data support the concept
that IDH-directed triplets may simultaneously target
mutant metabolism, apoptotic priming, and epigenetic
dysregulation.

However, IDH-mutated AML also raises a key question:
whether every molecularly defined patient requires triplet
therapy upfront.**”® Because HMA/venetoclax alone can
be highly effective in IDH-mutated AML, and because IDH
inhibitor-based doublets also have meaningful activity,
the incremental benefit of adding all three agents must
be balanced against toxicity, cost, treatment burden, and
sequencing flexibility.*~”* For some patients, triplet therapy
may be most appropriate when rapid disease control,
deep molecular clearance, or bridge to transplantation is
desired.” For others, sequential use of HMA/venetoclax
and IDH inhibition may preserve future options. Thus,
IDH-mutated AML exemplifies the need to define triplet
therapy not merely by feasibility, but by clinical context
and measurable improvement over optimized doublet
strategies.

Menin inhibitor-based triplets represent an emerging
genotype-directed combination strategy for KMT2A-
rearranged and NPMI-mutated AML.* Importantly,
although menin inhibitors have now entered clinical
practice as approved therapies in selected relapsed or
refractory molecularly defined disease, their incorporation
into frontline HMA/venetoclax triplet regimens remains
investigational. Early clinical studies of azacitidine,
venetoclax, and revumenib have shown high response rates
in older patients with newly diagnosed NPM1-mutated or
KMT2A-rearranged AML, supporting the feasibility of
this approach. However, these data are derived from early-
phase studies, and randomized comparisons are required
to determine whether adding a menin inhibitor to an
optimized HMA /venetoclax backbone improves remission
durability and overall survival.

Despite the enthusiasm around triplets, several
limitations must be emphasized. First, many data
supporting triplet therapy come from early-phase,
single-arm, or highly selected studies. Randomized
comparisons against optimized doublets are needed to
determine whether triplets truly improve survival rather
than simply increasing remission rates.****” Second,
toxicity is not a secondary issue. Prolonged cytopenias,
infections, differentiation syndrome, QTc prolongation,
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gastrointestinal toxicity, and overlapping drug interactions
can substantially affect deliverability. Third, the optimal
timing of triplets remains unsettled. Some patients may
benefit from frontline triplet therapy, whereas others may
be better served by reserving the third agent for MRD
persistence, molecular relapse, or overt relapse.”®*' Finally,
resistance to triplets will inevitably emerge, and post-
triplet salvage may be even more challenging if multiple
active drug classes have already been used early.*!

Molecularly guided triplet therapy therefore represents
a major step forward, but not a universal solution. Its
value will depend on selecting the right patient, the right
molecular target, the right treatment phase, and the right
schedule. In the post-venetoclax era, the goal is not simply
to add more drugs to HMA/venetoclax, but to construct
rational combinations that suppress the dominant biology

of each AML subtype while preserving tolerability and
future therapeutic options. A practical summary of
emerging therapeutic strategies, target populations,
biological rationales, and unresolved challenges in the
post-venetoclax era is provided in Table 1.

5. Treatment after HMA/venetoclax failure

Disease progression after HMA/venetoclax therapy
represents one of the most difficult clinical scenarios
in contemporary AML management. Although HMA/
venetoclax has improved frontline outcomes for older or
intensive-ineligible patients, relapse or refractory disease
after this regimen is associated with poor survival and
limited therapeutic options. Retrospective studies have
consistently shown that outcomes after frontline HMA/
venetoclax failure are dismal, with short median survival

Table 1. Therapeutic strategies after venetoclax incorporation in AML

Strategy Regimens / Patients R'egulatory / Rationale Challenges
approaches evidence status
HMA/VEN Azacitidine or Newly diagnosed older / Established Epigenetic-apoptotic .
o . R . . Cytopenias; relapse
backbone decitabine + VEN intensive-ineligible AML therapeutic backbone  targeting
FLT3/IDH HMA + VEN FLT3- or IDH-mutated Promising early- Targets signaling or TOXICHY,; scheduling;
. + FLT3 or IDH . . o randomized
triplets A AML phase; investigational ~ metabolic drivers 1
inhibitor validation
R/R KMT2A-translocated
acute leukemia; age > 1 year .
e s . FDA approved in the Blocks menin- Differentiation
Menin inhibition =~ Revumenib . . dependent .
specified setting transcription syndrome; resistance
R/R susceptible NPM1- P
mutated AML; age > 1 year*
R/R susceptible NPM1- FDA approved in the Blocks menin- Differentiation
Menin inhibition ~ Ziftomenib P - approve dependent .
mutated AML; adults only*  specified setting . syndrome; resistance
transcription
o Menin inhibitor + Newly diagnosed NPMI- Promising early- Combu.ws. Randomized
Menin triplets mutated or KMT2A- . L transcriptional and 1
HMA + VEN phase; investigational ! . validation needed
rearranged AML apoptotic targeting
Repeat profiling; Established Poor prognosis; no
Post-failure peatp & AML after HMA/VEN assessment / HSCT Adapts treatment to o prog ’
strategies targeted salvage; failure pathways; salvage clonal evolution uniform salvage
& HSCT; clinical trials patiways; | 8 standard
individualized
Investigational
TP53/adverse- immune, p53- TP53-mutated or other Clinical-trial-only Addresses resistant Limited durability;
risk therapy directed or cellular adverse-risk AML strategies disease biology unmet need

approaches

Notes: * Both NPM1 indications require no satisfactory alternative treatment options. Ziftomenib is not approved for KMT2A-rearranged disease.
Approval is specific to the stated indication and does not establish efficacy after HMA/VEN failure. VEN-containing triplets remain investigational.

Frontline backbones are included for context.

Abbreviations: AML: Acute myeloid leukemia; FDA: U.S. Food and Drug Administration; HMA: Hypomethylating agent; HSCT: Hematopoietic stem
cell transplantation; R/R: Relapsed or refractory; VEN: Venetoclax.
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and only a minority of patients able to receive effective
salvage therapy.”*”> This has shifted the clinical question
from whether venetoclax-based therapy can induce
remission to how patients should be managed once this
backbone fails.

The first principle after HMA/venetoclax failure is
reassessment of disease biology.** AML at relapse should
not be assumed to be identical to AML at diagnosis. Prior
venetoclax exposure may select for resistant subclones
with altered lineage state, emergent kinase signaling,
TP53-mutated dominance, RAS pathway activation,
or changes in apoptotic dependence.’®*7%”” Therefore,
repeat cytogenetic and molecular profiling should be
performed whenever feasible®”® This is particularly
important because actionable lesions may emerge or
expand at relapse, creating opportunities for genotype-
directed salvage therapy. Conversely, loss of a previously
dominant target may make continuation or reintroduction
of the same targeted strategy less rational.”? In the post-
venetoclax era, relapse management should therefore be
guided by the current molecular architecture of the disease
rather than by baseline genotype alone.

For patients with actionable mutations, targeted
therapy-based salvage is often the most rational approach.
FLT3-mutated relapse may be treated with a FLT3
inhibitor-containing regimen, particularly gilteritinib-
based therapy, either alone or in combination depending
on disease burden, prior therapy, and patient fitness.*>’
IDH]I- or IDH2-mutated relapse may be approached with
ivosidenib- or enasidenib-based strategies, especially when
the mutation persists or emerges after HMA/venetoclax
exposure.””®® For patients with relapsed or refractory
NPMI-mutated or KMT2A-translocated disease, menin
inhibition has become a clinically available genotype-
directed salvage option rather than solely an investigational
strategy. Revumenib is FDA-approved for relapsed or
refractory KMT2A-translocated acute leukemia® and for
relapsed or refractory NPMI-mutated AML in patients
without satisfactory alternative treatment options,*
whereas ziftomenib is approved for adults with relapsed
or refractory NPMI-mutated AML lacking satisfactory
alternatives.®® These approvals reinforce the importance of
repeat molecular profiling after HMA/venetoclax failure,
because identification or persistence of menin-dependent
disease may directly influence treatment selection.

The role of intensive chemotherapy after HMA/
venetoclax failure remains uncertain. Some younger or
medically fit patients may still be considered for intensive
salvage, especially if they were initially treated with HMA/
venetoclax because of disease biology, physician preference,
or borderline fitness rather than absolute inability to

tolerate chemotherapy. However, available retrospective
data suggest that responses to intensive chemotherapy
after HMA/venetoclax failure are limited.”* A recent
analysis reported that only a minority of patients achieved
complete remission or incomplete count recovery with
intensive chemotherapy after HMA/venetoclax failure,
highlighting the difficulty of rescuing disease that has
already demonstrated resistance to an epigenetic-apoptotic
backbone.” Thus, intensive chemotherapy should not
be reflexively used as a default salvage strategy. Its value
is greatest when it can serve as a bridge to allogeneic
hematopoietic stem cell transplantation or when no
actionable targeted option is available.

Allogeneic  transplantation remains the only
potentially curative strategy for selected patients with
relapsed or refractory AML, but its feasibility after HMA/
venetoclax failure is often limited by age, comorbidities,
resistant disease, and rapid clinical deterioration.**** For
patients who achieve a second remission or meaningful
cytoreduction with salvage therapy, transplantation should
be considered early rather than delayed until repeated lines
of therapy have further reduced fitness.* Venetoclax-based
salvage therapy has been used as a bridge to transplantation
in relapsed/refractory AML, and some studies suggest that
venetoclax plus HMA can induce responses sufficient to
proceed to allogeneic transplantation in selected patients.®
However, this strategy is more applicable to venetoclax-
naive relapsed/refractory disease than to patients who have
already failed frontline HMA/venetoclax. After true HMA/
venetoclax failure, reusing the same backbone is unlikely
to be effective unless a new targeted agent is added or the
clinical context suggests incomplete prior exposure.®

Clinical trial enrollment should be considered the
preferred option for many patients after HMA/venetoclax
failure.” This is especially true for patients with TP53-
mutated AML, complex karyotype, RAS pathway
activation, primary refractory disease, or relapse after
short remission.*” Novel approaches under investigation
include menin inhibitor-based combinations, immune-
directed therapies, antibody-drug conjugates, macrophage
checkpoint modulation, p53-directed strategies, and
rational combinations targeting apoptotic or metabolic
dependencies.?****%  Because survival after HMA/
venetoclax failure is short, referral to clinical trials should
occur early, ideally at the time of molecular relapse, MRD
persistence, or first evidence of inadequate response rather
than only after overt clinical progression.

Overall, treatment after HMA/venetoclax failure
requires a structured and biologically informed approach.
The essential steps include confirming relapse or refractory
disease, repeating molecular profiling, identifying
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targetable lesions, assessing transplant eligibility, and
prioritizing clinical trial enrollment whenever feasible. The
poor outcomes observed after HMA/venetoclax failure
also argue for earlier intervention before frank relapse.
MRD persistence, incomplete count recovery with residual
disease, or molecular expansion during therapy may
provide opportunities to adapt treatment before resistant
disease becomes clinically dominant. In this sense, the
best strategy for post-venetoclax failure may begin before
failure occurs: through molecular monitoring, response-
adapted escalation, and rational incorporation of targeted
agents in patients at high risk of relapse.

6. Menin inhibitors as a new therapeutic
class in the post-venetoclax era

Menin inhibitors have transitioned from investigational
agents to an established genotype-directed therapeutic
class for selected patients with relapsed or refractory acute
leukemia. Revumenib was initially approved by the U.S.
Food and Drug Administration (FDA) for relapsed or
refractory acute leukemia with a KMT2A translocation
in adult and pediatric patients aged 1 year and older and
subsequently received an additional indication for relapsed
or refractory NPM1-mutated AML in patients aged 1 year
and older who have no satisfactory alternative treatment
options.* Ziftomenib has also been approved for adult
patients with relapsed or refractory NPM1-mutated AML
without satisfactory alternative treatment options.” These
approvals establish menin inhibition as a clinically available
therapeutic strategy rather than solely an emerging
investigational concept in molecularly defined AML.
Although menin inhibition is now an approved therapeutic
strategy in selected relapsed or refractory molecularly
defined disease, its incorporation into frontline HMA/
venetoclax triplet regimens, MRD-directed treatment, or
maintenance remains investigational.

The clinical development of revumenib provided the
first major proof-of-concept that menin inhibition can
produce meaningful responses in patients with KMT2A-
rearranged or NPMI-mutated acute leukemia. In a first-in-
human phase I trial, revumenib induced clinical responses
in heavily pretreated patients with these genetic lesions,
establishing menin as a tractable therapeutic target in acute
leukemia.”* Subsequent clinical evaluation in relapsed or
refractory KMT2A-rearranged acute leukemia confirmed
high remission rates with a predictable safety profile,
further supporting revumenib as a genotype-directed
treatment option.” These results are particularly important
because KMT2A-rearranged AML is often associated with
adverse clinical behavior, while relapsed NPMI-mutated
AML can remain transcriptionally dependent on menin-
associated programs despite prior therapy.

Ziftomenib has further expanded the menin inhibitor
landscape. In relapsed or refractory AML, ziftomenib
demonstrated clinical activity with manageable toxicity,
and later data in heavily pretreated NPM1-mutated AML
showed deep responses and a tolerable safety profile.”>**
Notably, differentiation syndrome has emerged as an
on-target toxicity of menin inhibition, reflecting the
differentiation-inducing mechanism of this therapeutic
class. This toxicity is clinically manageable but requires
early recognition, corticosteroids, supportive care,
and treatment interruption when appropriate. Unlike
conventional cytotoxic chemotherapy, menin inhibitors
may produce responses through differentiation and
transcriptional reprogramming rather than immediate
blast clearance, which has implications for response
assessment and clinical management.

The relevance of menin inhibitors to the post-venetoclax
era lies in their potential to complement or overcome
limitations of HMA/venetoclax therapy. NPMI-mutated
AML frequently responds well to HMA/venetoclax, but
relapse still occurs, and persistent molecular disease
may identify patients at risk for subsequent progression.
Menin inhibition offers a rational strategy for targeting the
transcriptional dependency that remains central to NPM1-
mutated leukemogenesis. In KMT2A-rearranged AML,
where outcomes remain challenging and relapse risk is
high, menin inhibitors may provide a targeted approach
that can be integrated with HMA/venetoclax, intensive
chemotherapy, or transplant-directed strategies. Early
combination studies incorporating menin inhibitors with
azacitidine and venetoclax suggest that frontline triplet
therapy may be feasible in older patients with NPMI-
mutated or KMT2A-rearranged AML.”> However, the
optimal timing of menin inhibition—frontline, MRD-
directed, post-venetoclax salvage, or post-transplant
maintenance—remains unsettled.

Resistance to menin inhibition is already an emerging
concern. Somatic MENI mutations at the revumenib-
menin interface have been identified in patients with
acquired resistance to menin inhibition, demonstrating
that direct target-site resistance can develop under
therapeutic pressure.” Additional resistance mechanisms
may include activation of alternative transcriptional
programs, persistence of cooperating mutations, or lineage
adaptation. These findings indicate that menin inhibitors,
like FLT3 and IDH inhibitors, are unlikely to be curative
as single agents for most patients. Rational combinations
will be required to deepen responses, delay resistance,
and eradicate residual leukemic clones. In this regard,
combining menin inhibitors with venetoclax-based therapy
is attractive because it pairs transcriptional dependency
disruption with apoptotic priming. Yet such combinations
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must be evaluated carefully to define dose intensity,
cytopenia management, differentiation syndrome risk, and
the true incremental benefit over optimized doublets.

Overall, menin inhibitors have established a new
genotype-directed treatment paradigm for KMT2A-
rearranged and NPMI-mutated AML. The key questions
now extend beyond proof of activity and include optimal
sequencing, duration of therapy, management of acquired
resistance, and integration with transplantation or MRD-
directed treatment. Defining these issues will determine
whether menin inhibition can translate high response rates
into durable disease control.

7. Persistent unmet needs in TP53-mutated
and adverse-risk AML

Despite the expanding therapeutic armamentarium in
AML, TP53-mutated and other adverse-risk disease subsets
remain poorly served by current treatment strategies.
TP53-mutated AML is characterized by genomic instability,
frequent complex karyotype, resistance to cytotoxic and
lower-intensity therapies, and a high probability of early
relapse. Although HMA/venetoclax can induce remissions
in a subset of patients, these responses are often short-
lived and do not translate into durable survival benefit.*°
In a systematic review and meta-analysis of frontline
therapies for TP53-mutated AML, outcomes remained
poor across intensive chemotherapy, HMA-based therapy,
and venetoclax-containing regimens, underscoring the
absence of a clearly effective standard approach for this
population.”

The limited benefit of venetoclax in TP53-mutated AML
illustrates a broader principle: improving remission rates is
not equivalent to overcoming adverse disease biology. In
patients with TP53 mutations and poor-risk cytogenetics,
venetoclax plus azacitidine may increase CR/CRi rates
compared with azacitidine alone, but remission duration
and overall survival remain limited.” Retrospective
analyses have similarly suggested that venetoclax-based
therapy does not fundamentally change the natural history
of TP53-mutated AML.* This distinguishes TP53-mutated
AML from molecular subsets such as NPMI- or IDH-
mutated AML, where HMA/venetoclax may produce
deeper and more durable responses. For TP53-mutated
disease, the main problem is not simply insufficient
apoptotic priming, but the persistence of genetically
unstable clones capable of rapid adaptation after initial
cytoreduction.

Several investigational approaches have attempted to
address this therapeutic gap, but results have been mixed.
Eprenetapopt, a p53-reactivating agent, showed promising
activity when combined with azacitidine in early-phase

studies of TP53-mutated myelodysplastic syndrome and
AML, including responses and molecular remissions in
selected patients.”®” However, subsequent development
has highlighted the difficulty of translating early signals
into definitive survival benefit, particularly in biologically
complex high-risk myeloid neoplasms. Similarly,
macrophage checkpoint blockade with the anti-CD47
antibody magrolimab generated substantial interest based
on early activity in TP53-mutated myeloid malignancies,
but randomized phase III data did not confirm an
overall survival advantage in TP53-mutated AML.'” The
discontinuation or failure of several promising strategies
emphasizes that TP53-mutated AML requires rigorous
randomized evaluation and cannot rely on response rate
alone as a surrogate for meaningful clinical advance.

Other adverse-risk subsets also remain challenging in
the post-venetoclax era. AML with complex karyotype,
therapy-related disease, secondary-type mutations,
RAS pathway activation, or high-risk signaling lesions
may respond initially to HMA/venetoclax yet relapse
rapidly.’®>"*? In some of these contexts, molecularly
guided triplets may improve depth of response, but their
long-term Dbenefit remains uncertain.'®>** Moreover,
adding more agents to venetoclax-based therapy may
increase cytopenias and infection risk without fully
eliminating resistant clones.’**!% Therefore, adverse-risk
AML should not be approached with a uniform escalation
strategy. Instead, treatment should be guided by a realistic
assessment of disease biology, patient fitness, transplant
eligibility, and the likelihood that a given regimen can
produce durable disease control.

Allogeneic transplantation remains an important
consideration for eligible patients with adverse-risk
AML who achieve remission, but relapse after transplant
is common in TP53-mutated disease.'” This reality
raises the need for better pre-transplant cytoreduction,
MRD-directed decision-making, and post-transplant

maintenance approaches.'” However, the optimal
maintenance strategy for TP53-mutated AML remains
undefined.'® Trials incorporating novel immune

therapies, antibody-based approaches, cellular therapies,
synthetic lethal strategies, and agents targeting DNA
damage response or mutant p53 biology are needed, but
they should be designed with endpoints that capture
durability, MRD clearance, and survival rather than early
remission alone.!®

Overall, TP53-mutated and adverse-risk AML define
the limits of the current post-venetoclax paradigm. For
these patients, the field may need to move beyond simply
adding targeted agents to HMA/venetoclax and instead
develop treatment frameworks specifically designed
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around genomic instability, clonal heterogeneity, immune
resistance, and relapse prevention. The unmet need is not
only for more active drugs, but for strategies capable of
converting transient cytoreduction into durable disease
control.

8. Future directions

The next phase of AML therapy will require a shift from
fixed treatment categories toward adaptive, biology-
informed algorithms. In the post-venetoclax era, the central
challenge is not only to develop more active combinations,
but also to determine when venetoclax-based therapy is
sufficient, when it should be intensified, when it should
be discontinued, and when an alternative therapeutic
framework is needed. This will require integration of
baseline genetics, dynamic molecular monitoring, MRD
assessment, treatment tolerance, and clonal evolution into
real-time clinical decision-making.

MRD-guided treatment adaptation is likely to become
increasingly important. The European LeukemiaNet
(ELN) recommendations have established MRD
as a clinically meaningful biomarker in AML, with
applications in prognostication, response assessment,
relapse prediction, and transplant decision-making.'®
In venetoclax-based lower-intensity therapy, MRD
negativity has been associated with improved duration
of remission and survival, but several practical questions
remain unresolved.” These include the optimal timing
of MRD testing, the relative value of flow cytometry
versus molecular assays, the interpretation of persistent
mutations associated with clonal hematopoiesis, and the
appropriate intervention for molecular persistence or
molecular relapse. Future trials should incorporate MRD
not only as a prognostic endpoint, but also as a trigger for
therapeutic adaptation, such as adding a targeted agent,
shortening or extending venetoclax exposure, proceeding
to transplantation, or initiating maintenance therapy.

Another priority is optimizing treatment intensity
and duration. HMA/venetoclax therapy is effective but
often limited by prolonged cytopenias and infectious
complications. Real-world data suggest that shorter
venetoclax schedules may maintain efficacy in selected
patients while improving tolerability, although prospective
validation is still needed.'® This issue becomes even
more important in triplet regimens, where prolonged
myelosuppression may compromise deliverability. Future
studies should therefore evaluate not only which drugs
to combine, but also how to schedule them. Intermittent
venetoclax dosing, response-adapted cycle modification,
and genotype-specific dose adjustment may become
essential components of precision therapy.

Trial design must also evolve. Traditional single-arm
studies can identify promising regimens, but randomized
comparisons are needed to determine whether triplets
improve survival over optimized doublets. Adaptive
platform trials may be particularly valuable in AML
because they can assign patients to molecularly defined
treatment arms, incorporate emerging biomarkers,
and rapidly test combinations in biologically selected
populations.'! Such designs are especially important for
smaller genomic subsets, including KMT2A-rearranged,
NPMI-mutated relapsed disease, TP53-mutated AML,
and RAS pathway-activated AML. In parallel, real-world
evidence will be needed to determine whether regimens
developed in specialized centers can be safely delivered to
older patients with comorbidities in routine practice.

Special populations also require dedicated treatment
strategies in the post-venetoclax era. In pediatric AML,
experience with venetoclax-based therapy remains
substantially more limited than in adults. Small
retrospective and early clinical series have demonstrated
the feasibility of incorporating venetoclax into frontline
or salvage regimens in children and adolescents, with
encouraging early remission rates, but the limited sample
sizes and heterogeneous treatment backbones preclude
definitive conclusions regarding long-term benefit.!*>!?
Pediatric-specific trials are therefore needed because
disease biology, mutational spectra, treatment intensity,
transplant use, and long-term toxicity differ substantially
from those in older adults. At the opposite end of the age
spectrum, frail elderly patients with multiple comorbidities
represent another poorly defined population. Although
azacitidine plus venetoclax remains an important option
for patients considered unfit for intensive chemotherapy,
frailty and comorbidity burden can substantially influence
treatment delivery, tolerance, and the likelihood of
receiving subsequent therapy."'*"* In these patients,
treatment selection should incorporate functional status,
comorbidity burden, infection risk, and quality-of-life
goals, with greater emphasis on individualized venetoclax
duration, dose modification, and supportive care rather
than indiscriminate treatment intensification.

Finally, the post-venetoclax era should be defined by
earlier recognition of treatment failure. Waiting for overt
morphologic relapse may miss the window in which
resistant clones are still therapeutically controllable.
Serial molecular profiling, MRD surveillance, and early
reassessment of marrow response may allow clinicians
to intervene before resistant disease becomes clinically
dominant. The ultimate goal is to transform AML therapy
from a sequence of static regimens into an adaptive system
that anticipates resistance, targets emerging vulnerabilities,
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and preserves patient fitness for subsequent curative
strategies.

9, Conclusions

Venetoclax combined with hypomethylating agents has
transformed the management of older or intensive-
ineligible patients with AML and established a new lower-
intensity therapeutic backbone. However, this success has
also created a new clinical landscape in which venetoclax
exposure is common, resistance patterns are increasingly
recognized, and outcomes after treatment failure remain
poor. The post-venetoclax era therefore represents more
than the management of relapse after venetoclax; it reflects
a broader shift toward resistance-aware, molecularly
guided, and response-adapted therapy.

Emerging strategies are beginning to address this
challenge. FLT3-, IDH-, and menin-directed triplets aim
to deepen responses by combining apoptotic priming
with genotype-specific targeting. Menin inhibitors have
introduced a new therapeutic class for KMT2A-rearranged
and NPMI-mutated AML, while post-failure approaches
increasingly depend on repeat molecular profiling and
clinical trial enrollment. At the same time, TP53-mutated
and adverse-risk AML continue to expose the limits of
venetoclax-based treatment and highlight the need for
alternative therapeutic paradigms.

Future progress will depend on selecting the right
treatment backbone for the right biological context,
defining when triplet therapy is truly superior to optimized
doublets, and incorporating MRD and clonal monitoring
into therapeutic decision-making. The goal should not be to
add more agents indiscriminately, but to construct rational
strategies that prolong remission, prevent resistant relapse,
preserve tolerability, and ultimately improve survival. In
this framework, the post-venetoclax era offers both an
opportunity and a challenge: to convert the initial success
of venetoclax-based therapy into durable, individualized
disease control for a broader range of patients with AML.
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