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Abstract. Allogeneic HSCT remains a major potentially curative treatment for patients with AML 
at high risk of relapse. However, the rapid development of targeted agents and novel non-intensive 
therapies has substantially changed the therapeutic landscape, raising questions regarding the 
optimal timing and indications for transplantation. In this narrative review, we discuss how 
recently introduced therapeutic strategies may influence transplant decision-making, with 
particular emphasis on disease risk, treatment response, measurable residual disease, and the 
integration of pharmacological therapy before and after allogeneic HSCT. Novel therapies have 
primarily modified rather than replaced the role of allogeneic HSCT. Venetoclax-based regimens 
may allow initially unfit patients to achieve remission and become transplant candidates. At the 
same time, targeted agents such as FLT3, IDH, and Menin inhibitors can provide effective disease 
control in molecularly defined AML, particularly in the relapsed/refractory setting. They may 
enable transplantation in patients with limited therapeutic options. Growing evidence also 
supports using selected targeted agents after allo-HSCT, particularly FLT3 inhibitors, while post-
transplant maintenance with IDH or Menin inhibitors and hypomethylating agents remains 
investigational. Across these settings, MRD is emerging as an increasingly important tool for 
refining transplant decisions and identifying patients who may benefit from additional therapy. 
The role of allogeneic HSCT in AML is evolving from a decision based predominantly on baseline 
genetic risk toward a dynamic, response- and MRD-adapted strategy. Novel agents should not 
currently be viewed as alternatives to transplantation in patients with a substantial risk of relapse, 
but rather as complementary therapies that may improve disease control before HSCT and reduce 
relapse risk afterward. Prospective studies integrating targeted therapy, MRD assessment, and 
post-transplant maintenance are needed to define the optimal therapeutic sequence and identify 
patients who may safely avoid transplantation.  
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Introduction. Acute myeloid leukemia (AML) is a 
biologically heterogeneous clonal disorder of 
hematopoietic progenitor cells characterized by impaired 
differentiation and uncontrolled proliferation within the 
bone marrow microenvironment. Despite high rates of 
complete remission (CR) following intensive induction 
chemotherapy, disease relapse remains the leading cause 
of treatment failure, largely due to the persistence of 
chemo-resistant leukemic stem cells and measurable 
residual disease (MRD). Allogeneic hematopoietic stem 
cell transplantation (HSCT) remains the most effective, 
potentially curative, strategy for patients with AML at 
intermediate or adverse risk according to the European 
LeukemiaNet (ELN) recommendations.1 By providing 
both high-dose antileukemic therapy and a graft-versus-
leukemia effect, allogeneic HSCT substantially reduces 
relapse risk. However, this benefit must be balanced 
against transplant-related morbidity and mortality. 
Accordingly, in medically fit patients in whom the 
expected risk of relapse outweighs transplant-related 
risks, allogeneic HSCT is generally considered the 
preferred post-remission strategy. Similarly, patients 
with relapsed or refractory AML, or with MRD positivity, 
may be considered for HSCT regardless of their initial 
ELN risk category.2 

In these settings, achieving the deepest possible 
response before transplantation is a major therapeutic 
goal, as disease burden and MRD status at allogeneic 
HSCT are among the most important determinants of 
post-transplant outcomes. Disease relapse following 
allo-HSCT remains the principal cause of treatment 
failure, occurring in approximately 30–50% of patients 
depending on disease status at transplantation and 
underlying disease characteristics3. The presence of 
MRD before transplantation is one of the strongest 
predictors of post-transplant relapse and inferior 
survival.3,4 

Over the last decade, novel targeted and non-targeted 
therapies have substantially changed the therapeutic 
landscape of AML. These agents have increased the 
likelihood of achieving deeper responses, including 
MRD negativity, before transplantation; provided new 
options for refractory disease; and expanded the role of 
pharmacological strategies after transplantation, as 
maintenance therapy and as treatment or pre-emptive 
intervention for molecular or overt relapse. In this 
rapidly evolving setting, the role of allogeneic HSCT is 
being progressively redefined. The availability of 
increasingly effective non-transplant therapies raises 
important questions regarding which patients derive the 
greatest benefit from transplantation, the optimal timing 
of allo-HSCT, and how molecular risk and MRD should 
be incorporated into transplant decision-making.5 

This review reassesses the role and timing of allo-
HSCT in AML in the era of targeted and novel non-
transplant therapies, with particular emphasis on disease 

risk, MRD status, response to novel agents, and the 
emerging role of maintenance and post-transplant 
strategies. 

 
The Current Role of Allogeneic HSCT in AML: from 
Genetic Risk to Dynamic Risk Assessment. Allogeneic 
HSCT remains a major curative strategy for adults with 
AML, particularly those at high risk of relapse. However, 
its indication has progressively shifted from a genetic-
risk-oriented approach to a more individualized, 
dynamic one. Current treatment algorithms integrate 
disease biology at diagnosis with therapy response, 
MRD, patient fitness, donor characteristics, and expected 
transplant-related morbidity and mortality.1,6 

The 2022 ELN recommendations provide the current 
framework for genetic risk stratification and post-
remission treatment in AML.1 Patients with favorable-
risk AML generally have a relatively low probability of 
relapse following intensive chemotherapy and, in the 
absence of persistent MRD, are therefore not routinely 
considered candidates for allogeneic HSCT in first 
complete remission (CR1). Conversely, patients with 
adverse-risk AML have a substantial risk of relapse 
despite morphological remission and are generally 
considered candidates for allogeneic HSCT when 
medically eligible. The role of transplantation in 
intermediate-risk AML is less straightforward and 
requires individualized assessment, particularly in 
relation to MRD and patient- and transplant-related 
factors.1,6 

The ELN 2022 recommendations incorporated the 
increasing relevance of treatment response and MRD 
into risk-adapted therapeutic decisions.1 This is 
particularly relevant in molecularly defined AML, such 
as NPM1-mutated disease, in which deep molecular 
response can substantially modify the estimated risk of 
relapse3. Conversely, persistence of MRD may identify 
patients whose relapse risk is considerably higher than 
predicted by baseline genetic category alone.3 

MRD prognostic relevance before allo-HSCT has 
been demonstrated across several studies and disease 
subgroups. A meta-analysis including patients with 
AML undergoing allo-HSCT showed that pre-transplant 
MRD positivity was associated with a significantly 
increased risk of relapse and inferior survival compared 
with MRD-negative disease.4  

Patient- and transplant-related factors must also be 
incorporated. Age, performance status, comorbidities, 
frailty, donor availability, conditioning intensity, and 
expected non-relapse mortality (NRM) all contribute to 
the overall risk-benefit assessment. Current 
recommendations therefore emphasize an individualized 
comparison between relapse risk without transplantation 
and anticipated toxicity and NRM associated with the 
procedure.6 
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This approach has become increasingly important as 
novel therapies develop. Targeted agents and new 
combination regimens can increase the probability of 
deep responses in several AML subgroups and may 
modify the relapse risk initially estimated from genetic 
characteristics alone. They can also be used before 
transplantation to reduce disease burden and potentially 
achieve MRD negativity. Consequently, novel agents do 
not necessarily imply a reduced role for transplantation; 
rather, they may change how transplantation is integrated 
into the overall treatment strategy. 

 
Changing the Therapeutic Landscape 
Venetoclax-based regimens. The introduction of 
venetoclax, a selective BCL-2 inhibitor, combined with 
hypomethylating agents (HMAs), has substantially 
changed AML treatment, particularly for patients 
considered unsuitable for intensive chemotherapy7. The 
azacitidine-venetoclax combination demonstrated 
significantly higher response rates and improved 
survival than azacitidine alone in previously untreated 
patients ineligible for intensive chemotherapy.8  

The main impact of venetoclax-based therapy has 
been in older patients and those with comorbidities or 
frailty precluding intensive induction and subsequent 
allo-HSCT. However, the distinction between “unfit” 
and “fit” patients becomes increasingly blurred when 
Venetoclax-based therapy is considered as a potential 
pathway to transplantation. Some patients initially 
considered unsuitable for intensive chemotherapy may 
subsequently achieve sufficient clinical and 
hematological recovery to become candidates for 
allogeneic HSCT9. Response to Venetoclax-based 
treatment may therefore provide an opportunity to 
reassess transplant eligibility after disease control has 
been achieved. Retrospective studies have demonstrated 
the feasibility of proceeding to HSCT after HMA-
Venetoclax, with encouraging post-transplant outcomes 
in selected patients.9 

HMA-Venetoclax can also induce deep responses. In 
VIALE-A, MRD negativity was documented in 
approximately 23% of patients in the experimental arm, 
compared with 7.6% in the azacitidine-alone arm8. More 
recent real-world data further support the prognostic 
value of MRD clearance with AZA-VEN.10 In the French 
VENAURA registry, cumulative MRD negativity 
among patients achieving remission was observed in 
approximately 62–67% of evaluable patients, and it was 
associated with significantly longer overall survival and 
lower relapse incidence.11  

Venetoclax-based salvage therapy may also represent 
a bridge to transplantation in relapsed/refractory AML. 
A propensity-matched analysis reported higher response 
rates with venetoclax-based salvage compared with 
physician's choice non-Venetoclax salvage therapy (62% 
vs. 42%), with a numerically higher proportion of 

patients proceeding to allo-HSCT.12 The bridge-to-
transplant concept may be particularly relevant in 
molecularly defined AML. In NPM1-mutated AML with 
molecular persistence or relapse, Venetoclax-based 
regimen has been shown to induce substantial molecular 
responses and allow patients to proceed to 
transplantation while attempting to minimize the risk of 
overt hematological relapse. In one multicenter cohort, 
84% of patients achieved at least a one-log reduction in 
MRD and 71% achieved MRD negativity; 41 patients 
were subsequently bridged to allo-HSCT.10 

Despite these high response rates, venetoclax-based 
therapy lasts only a limited time in a substantial 
proportion of patients. In VIALE-A, the median duration 
of composite remission was 17.5 months, and median 
event-free survival was 9.8 months, highlighting the 
difference between inducing remission and maintaining 
long-term disease control.8  

Consequently, in potentially transplant-eligible 
patients, achieving remission with HMA-Venetoclax 
should not automatically lead to continuing non-
intensive therapy indefinitely. Instead, the finite 
durability of disease control supports considering 
allogeneic HSCT during the first remission in 
appropriately selected patients, particularly when disease 
biology predicts a high relapse risk. Conversely, in 
patients with favorable disease biology and sustained 
MRD-negative remission, particularly when transplant-
related mortality is expected to be high, continued 
Venetoclax-based therapy may represent a reasonable 
alternative. 

HMA-Venetoclax has also shown efficacy in post-
transplant AML/MDS relapse, particularly in late relapse, 
ELN-favorable disease, and when administered in 
association with DLI.13 Furthermore, researchers are 
exploring combinations with molecularly targeted agents, 
including FLT3 and IDH1/2 inhibitors, which may 
further increase response depth and molecular remission 
rates in selected subgroups. 

Overall, venetoclax-based therapy has substantially 
modified the therapeutic pathway toward allo-HSCT 
across different AML settings. In patients initially 
considered unfit for intensive chemotherapy, 
achievement of remission with venetoclax-based 
regimens may allow recovery of clinical fitness and 
subsequent reassessment for allogeneic transplantation. 
Moreover, venetoclax-based therapy can induce deep 
responses, including MRD-negative remission in some 
patients, which may improve disease control before 
transplantation and potentially contribute to more 
favorable post-transplant outcomes. In the 
relapsed/refractory setting, venetoclax-based regimens 
may also induce responses in patients who have failed 
conventional chemotherapy, providing an alternative 
salvage approach and, in selected cases, a bridge to allo-
HSCT. Thus, rather than replacing transplantation, 
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venetoclax has expanded therapeutic opportunities to 
achieve a transplantable disease state and has made 
transplant eligibility and timing increasingly dynamic. 

 
FLT3-target therapy. FLT3 mutations are among the 
most relevant molecular determinants of prognosis and 
therapeutic response in AML. FLT3-mutated AML, 
particularly FLT3-ITD disease, is characterized by 
constitutive FLT3 signaling that promotes leukemic 
proliferation and survival and has historically been 
associated with increased relapse risk and poorer 
survival.14  Treatment has evolved with the introduction 
of FLT3 inhibitors, first by adding midostaurin to 
intensive chemotherapy and later by using more potent, 
selective inhibitors such as gilteritinib and quizartinib. 
Their clinical role now extends from induction and 
consolidation to salvage treatment and post-transplant 
maintenance. 

The first major demonstration that targeting FLT3 
improves AML outcomes came from the RATIFY trial:15 
adding midostaurin to intensive induction and 
consolidation chemotherapy significantly improved 
overall survival in FLT3-mutated AML, with benefit 
across FLT3 mutational subtypes.15 However, the study 
did not demonstrate that FLT3 inhibition could replace 
allogeneic HSCT. Transplantation remained an 
important component of post-remission therapy, and 
among patients undergoing allogeneic HSCT in first 
remission, treatment assignment showed no statistically 
significant survival difference15. Midostaurin should 
therefore be viewed primarily as a strategy to improve 
disease control within a treatment pathway that may 
include transplantation in patients at appropriate relapse 
risk. 

The development of quizartinib, a more potent and 
selective FLT3 inhibitor, further strengthened the role of 
targeted therapy in newly diagnosed FLT3-ITD-positive 
AML. In the phase III QuANTUM-First trial, adding 
quizartinib to induction and consolidation chemotherapy, 
followed by continuation therapy, significantly 
improved overall survival compared with chemotherapy 
alone16. The trial included patients up to 75 years of age, 
extending evidence for FLT3-directed therapy beyond 
the younger population enrolled in RATIFY. Importantly, 
HSCT was permitted, and quizartinib was administered 
as maintenance after consolidation or transplantation, 
supporting a model in which targeted therapy and 
transplantation are complementary rather than mutually 
exclusive.16 Exploratory analyses suggested that the 
benefit of quizartinib maintenance may be less evident 
among patients undergoing allo-HCT.17 

The role of FLT3 inhibition is particularly evident in 
relapse/refractory disease. In the phase III ADMIRAL 
trial, gilteritinib significantly improved response rates 
and overall survival compared with salvage 
chemotherapy in FLT3-mutated relapse/refractory 

AML.18 Importantly for transplant decision-making, 
gilteritinib may function as a bridge to allo-HSCT. In a 
subsequent ADMIRAL analysis, 26% of patients in the 
gilteritinib arm underwent HSCT compared with 15% in 
the salvage chemotherapy arm;20 among patients 
proceeding to transplantation, restarting gilteritinib after 
HSCT was feasible and associated with relatively low 
rates of post-transplant relapse in patients who had 
achieved remission before transplantation.19 

Thus, in relapse/refractory FLT3-mutated AML, the 
objective of gilteritinib is not necessarily definitive 
disease control but conversion of active disease into 
transplantable remission. The integration of midostaurin 
and quizartinib into intensive therapy has improved 
outcomes, but available evidence does not support 
considering FLT3 inhibitors as substitutes for HSCT in 
patients with high relapse risk. 

The development of FLT3 inhibitors has also changed 
the concept of allogeneic HSCT itself. Transplantation 
can now be followed by molecularly targeted 
maintenance to suppress residual FLT3-mutated 
leukemia. Two randomized trials evaluating sorafenib 
maintenance after allo-HSCT in FLT3-ITD AML 
demonstrated significant reductions in relapse and 
improved relapse-free survival.20,21 These findings 
provided proof of principle that FLT3 inhibition can 
complement the graft-versus-leukemia effect. 

More recently, gilteritinib was evaluated in the 
randomized MORPHO trial.22 Although the primary 
analysis did not demonstrate a statistically significant 
improvement in relapse-free survival in the entire 
population, a prespecified subgroup analysis showed a 
significant benefit among patients with detectable peri-
transplant FLT3-ITD MRD. Patients without detectable 
MRD did not appear to derive a similar benefit22. 
Subsequent MRD analysis further supported this 
concept: in the placebo arm, 42.2% of patients with 
detectable MRD relapsed compared with 13.4% without 
detectable MRD, while gilteritinib improved relapse-free 
survival, particularly among patients with detectable 
peri-transplant MRD.23 

Triplet regimens combining an HMA, venetoclax, 
and a FLT3 inhibitor have also shown encouraging 
response and molecular response rates, supporting their 
potential role in selected patients considered for 
subsequent allo-HSCT, although prospective 
comparative data remain limited.24 

FLT3-mutated AML therefore represents a paradigm 
for how targeted therapy modifies the relationship 
between relapse risk and transplantation. FLT3 inhibitors 
can deepen remission before transplantation, facilitate 
transplantation in relapsed disease, and reduce post-
transplant relapse. Sorafenib may also enhance the graft-
versus-leukemia effect by inducing IL-15 production in 
FLT3-ITD-mutated leukemia cells, promoting expansion, 
cytotoxicity, and persistence of donor CD8+ T cells.25 
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Targeted therapy and allo-HSCT should therefore be 
viewed as complementary strategies. 

 
IDH inhibitors. Recurrent IDH1 and IDH2 mutations 
provide biologically defined therapeutic targets in AML. 
Mutant IDH enzymes acquire neomorphic activity 
leading to accumulation of 2-hydroxyglutarate (2-HG), 
epigenetic dysregulation, and impaired differentiation.26 
IDH inhibitors are relevant not only in relapsed or 
refractory disease but also as potential agents for disease 
control before allo-HSCT and, potentially, for post-
transplant maintenance. 

Ivosidenib is an oral selective inhibitor of mutant 
IDH127. Its activity in IDH1-mutated AML was initially 
demonstrated in pretreated AML, and induced 
meaningful CR and CRi rates, with evidence of 
differentiation rather than conventional cytotoxicity.27 Its 
differentiation-based mechanism may be clinically 
relevant when the objective is to stabilize or reduce 
disease burden before transplantation. Ivosidenib has 
also been evaluated in newly diagnosed patients 
unsuitable for intensive chemotherapy, including in 
combination with azacitidine.28 However, implications 
for transplant-eligible patients remain less clearly 
established.  

Enasidenib is a selective oral inhibitor of mutant 
IDH2 and similarly suppresses 2-HG production and 
promotes differentiation. Its development has focused 
particularly on relapsed IDH2-mutated AML.29,30 Its role 
in frontline treatment of transplant-eligible patients is 
less well defined. Still, its relatively favorable non-
intensive toxicity profile supports incorporating it into 
strategies aimed at reducing disease burden before allo-
HSCT.31 

IDH inhibitors are particularly relevant in relapsed 
AML patients with limited therapeutic options because 
of age, comorbidities, previous treatment exposure, or 
poor tolerance of intensive salvage. Researchers are also 
investigating combinations of HMA, venetoclax, and 
IDH inhibitors, with early studies suggesting improved 
response and MRD-negative remission rates. However, 
in transplant candidates, the therapeutic objective should 
extend beyond response to determine whether disease 
control is sufficient and durable enough to permit allo-
HSCT. 

Retrospective and post hoc analyses suggest that 
patients who achieve a response and subsequently 
undergo transplantation may derive meaningful long-
term benefit.29,32 However, these observations are 
difficult to interpret because patients proceeding to 
transplant represent a selected population with adequate 
disease control and fitness. No prospective evidence 
currently shows that an IDH inhibitor-based strategy is 
superior to conventional salvage for improving post-
transplant outcomes. Therefore, IDH inhibitors as a 
bridge to transplant may be particularly useful when 

conventional salvage is ineffective or associated with 
unacceptable toxicity. 

IDH inhibition may also play a role in post-HSCT 
maintenance. Persistence of molecularly detectable IDH-
mutated clones after transplantation provides a 
biological rationale for continued mutant IDH inhibition 
to suppress residual leukemia while allowing the graft-
versus-leukemia effect to operate. A multicenter phase I 
trial evaluating ivosidenib maintenance after allo-HCT 
in IDH1-mutated AML reported a 2-year cumulative 
relapse rate of 19%, with progression-free and overall 
survival of 81% and 88%, respectively.33 Although 
encouraging, the small sample size and single-arm 
design preclude definitive conclusions. Enasidenib has 
similarly been investigated as post-HCT maintenance in 
IDH2-mutated myeloid malignancies34. Therefore, post-
HSCT IDH inhibition should remain investigational. 

 
Menin inhibitors. Menin inhibitors represent a novel 
class of targeted agents with particular activity in AML 
characterized by KMT2A rearrangements or NPM1 
mutations. Menin functions as a chromatin-associated 
scaffold within the KMT2A complex and contributes to 
transcriptional activation of leukemogenic programs, 
including HOXA and MEIS1. Pharmacologic disruption 
of the menin–KMT2A interaction promotes 
differentiation and impairs leukemic self-renewal in 
these molecular subsets.35,36,37 

Clinical development has initially focused on 
refractory disease, in which KMT2A-rearranged and 
NPM1-mutated disease is associated with limited 
therapeutic options and poor outcomes. Studies of agents 
such as revumenib and ziftomenib have demonstrated 
meaningful responses, including complete remissions, in 
heavily pretreated patients.38,39 Responses have also been 
observed after venetoclax-based therapy, supporting a 
potential role in overcoming resistance to established 
non-intensive regimens. 

From a transplant perspective, the most relevant 
aspect of menin inhibition is its potential to convert 
difficult-to-treat chemoresistant AML into a remission 
suitable for allo-HSCT. In early studies, some 
responding patients proceeded to HSCT, suggesting 
menin inhibitors can be incorporated into treatment 
sequences that may lead to potentially curative 
transplantation. This may be particularly relevant for 
KMT2A-rearranged or NPM1-mutated AML in patients 
who cannot achieve an adequate response with 
conventional salvage or cannot tolerate intensive 
cytotoxic approaches. 

The importance of menin inhibition may extend 
beyond morphological remission. NPM1-mutated AML 
provides a model in which molecular MRD can be 
quantified with high sensitivity. It remains unknown 
whether molecular responses induced by menin 
inhibitors translate into lower post-transplant relapse 
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rates. Nevertheless, their ability to induce differentiation 
and reduce leukemic burden without intensive 
chemotherapy may allow more patients to reach 
transplantation in a favorable disease state. Prospective 
studies are needed to determine whether molecular 
response should influence allo-HSCT timing and 
whether transplantation should occur after 
morphological remission or, preferably, after deeper 
molecular clearance. 

Post-transplant maintenance with menin inhibitors is 
another potentially important but still investigational 
application. Residual leukemic cells in KMT2A-
rearranged and NPM1-mutated AML may remain 
dependent on menin-mediated transcriptional programs 
after allo-HSCT, supporting continued inhibition to 
complement graft-versus-leukemia effects40. Early 
experience with revumenib and other menin inhibitors 
has demonstrated feasibility of treatment after 
transplantation in selected patients, including those with 
persistent or subsequently detectable molecular disease41. 
However, these data derive from small non-randomized 
cohorts and cannot establish a survival benefit. 

Preliminary real-world data presented in 2026 further 
support the feasibility of menin inhibitor maintenance 
after allo-HSCT, with encouraging relapse control 
reported in small cohorts of patients with KMT2A-
rearranged, NPM1-mutated, and other genetically 
defined AML42.  

The optimal timing and duration of maintenance, 
tolerability during graft-versus-host disease and 
immunosuppressive therapy, and the role of molecular 
MRD in selecting patients remain undefined. 

Overall, menin inhibitors illustrate how molecularly 
targeted therapies may modify rather than eliminate the 
role of allo-HSCT. Their principal contribution may 
currently be to provide an effective salvage or bridging 
strategy for molecularly defined AML, increasing the 
likelihood that patients with otherwise refractory disease 
can reach transplantation. In the future, their role may 
extend across the transplant pathway, from response 
induction and molecular disease control before HSCT to 
MRD-guided maintenance after transplantation. 

 
TP53-mutated AML: when the risk of relapse challenges 
the value of transplantation. TP53-mutated AML 
represents a particularly difficult transplant decision. It is 
frequently associated with complex cytogenetics, 
myelodysplasia-related disease, and profound resistance 
to conventional therapy. Contemporary analyses show 
that HMA-VEN can improve response rates compared 
with HMA alone in some patients, but responses are 
often short, and overall survival remains poor43,44. Thus, 
morphological CR should not be equated with durable 
biological control in TP53-mutated disease. The role of 
allo-HSCT is controversial because the disease retains a 
very high relapse propensity even after transplantation. 

A systematic review and meta-analysis reported poor 
pooled outcomes after allo-HSCT, including a two-year 
overall survival of approximately 30% and a relapse rate 
of approximately 61%. However, the available evidence 
is heterogeneous and observational45. More recent 
studies continue to support the concept that transplant 
may offer the only realistic route to long-term survival 
for a selected minority. Still, outcomes remain strongly 
dependent on disease status, molecular burden, 
comorbidity and transplant-related risk46,47. 

The decision should therefore distinguish younger/fit 
patients who can achieve a meaningful remission and 
tolerate transplantation from older or frail patients in 
whom NRM may consume a substantial proportion of 
the limited expected benefit. In TP53-mutated AML, 
achieving morphological CR without molecular or 
biological control may be insufficient justification for an 
aggressive transplant strategy if the probability of early 
post-HSCT relapse is extremely high. Conversely, 
because durable non-transplant therapies remain limited, 
withholding transplantation solely because TP53 
mutation predicts poor prognosis may also deny the only 
potentially curative approach in selected patients. 
 
Oral Azacitidine and other post-transplant maintenance 
strategy. Maintenance therapy has emerged as an 
important strategy to reduce relapse after remission in 
AML, particularly in patients who are not candidates for 
allo-HSCT. Oral azacitidine (CC-486) is the most 
established non-targeted maintenance strategy for 
patients achieving remission after intensive 
chemotherapy but not proceeding to transplantation. In 
the QUAZAR AML-001 trial, oral azacitidine improved 
overall and relapse-free survival compared with placebo, 
establishing its role as a standard post-remission option 
in transplant-ineligible patients.48 

These findings do not directly inform patients who 
are candidates for allo-HSCT, as the trial excluded 
patients proceeding to transplantation.49 Therefore, CC-
486's relevance to transplant decision-making lies 
primarily in providing an effective alternative for 
patients in whom the expected benefit of allo-HSCT is 
outweighed by transplant-related risks, rather than 
defining a strategy that can replace transplantation in 
otherwise eligible patients. 

In the post-HSCT setting, the rationale for 
hypomethylating-agent maintenance is based on their 
potential to suppress residual leukemia while preserving 
or potentially enhancing graft-versus-leukemia 
effects.50,51 Early studies of oral CC-486 after allo-HSCT 
have shown feasibility, with treatment generally initiated 
after hematologic recovery and manageable toxicity 52. 
However, randomized studies have not established a 
definitive survival benefit, and this approach remains 
investigational. 
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Other strategies have focused on injectable 
azacitidine, either as routine post-transplant maintenance 
or as pre-emptive treatment guided by MRD53,54. The 
RELAZA study demonstrated the feasibility of using 
azacitidine to delay hematologic relapse in patients with 
molecular evidence of impending relapse after allo-
HSCT, supporting an MRD-guided rather than universal 
approach.54 

The distinction between maintenance in transplant-
ineligible patients and maintenance after allo-HSCT is 
therefore clinically important. Oral azacitidine has 
demonstrated a clear survival benefit in the former 
population. In contrast, after transplantation, 
hypomethylating-agent maintenance remains 
individualized or investigational, potentially guided by 
disease risk, pre- and post-transplant MRD, tolerability, 
and relapse risk. 

 
CPX-351. CPX-351 is a liposomal formulation of 
cytarabine and daunorubicin developed for AML with 
myelodysplasia-related changes and therapy-related 
AML. Its relevance in the transplant era lies primarily in 
its ability to induce remission and facilitate subsequent 
allo-HSCT in patients with high-risk or secondary AML. 
In the pivotal phase III trial, CPX-351 improved 
remission rates and overall survival compared with 
conventional 7+3 chemotherapy in older adults with 
newly diagnosed high-risk or secondary AML.55 
Importantly, among patients undergoing allo-HSCT, 
CPX-351 was associated with improved post-transplant 
survival compared with 7+3, suggesting that its benefit 
may extend beyond induction and contribute to outcomes 
after transplantation.56,57 

Post hoc analyses showed that patients achieving CR 
or CRi after CPX-351 had a higher probability of 
proceeding to transplantation and experienced longer 
survival when outcomes were landmarked from the date 
of transplantation.58 These findings suggest that CPX-
351's principal value in transplant-eligible patients is not 
to replace allo-HSCT, but to increase the likelihood of 
achieving a remission suitable for transplantation and 
potentially improve disease control before HSCT. 

The optimal timing of allo-HSCT after CPX-351 
remains incompletely defined. Real-world data suggest 
that many responding patients proceed directly to 
transplantation after remission, while the benefit of 
additional consolidation remains uncertain59. Thus, in 
transplant-eligible patients with AML-MR or therapy-
related AML, CPX-351 should be viewed primarily as a 
remission-induction strategy to facilitate definitive 
consolidation with allo-HSCT. 

 
Discussion. The increasing availability of effective non-
transplant therapies is changing how allogeneic HSCT is 
considered in AML. Venetoclax-based regimens, 
molecularly targeted inhibitors, menin inhibitors, and 

novel chemotherapy formulations have expanded the 
ability to induce remission in patients who previously 
had limited therapeutic options. However, these 
advances do not simply reduce the need for 
transplantation. Instead, they are changing the pathway 
to allogeneic HSCT, the disease status at transplantation, 
and the possibility of continuing pharmacological 
treatment after transplantation. The central question is 
therefore shifting from whether novel drugs can replace 
allo-HSCT to which patients should undergo 
transplantation, when it should be performed, and how 
pharmacological therapy should be integrated before and 
after the procedure. 

One of the most important consequences of this 
therapeutic evolution is the transition from a static to a 
dynamic definition of transplant eligibility. Although 
baseline genetic risk remains fundamental, increasingly 
effective therapies may substantially modify the relapse 
risk initially predicted at diagnosis. Patients with 
adverse-risk AML may achieve deep responses with 
novel agents, whereas patients initially considered 
favorable or intermediate risk may demonstrate 
persistent MRD and consequently a higher relapse risk. 
Transplant decision-making should therefore integrate 
baseline biology with treatment response, MRD, patient 
fitness, and transplant-related risk. 

This concept is particularly relevant to venetoclax-
based therapy. Patients initially unsuitable for intensive 
chemotherapy may achieve remission and recover 
sufficiently to become candidates for allo-HSCT. 
Conversely, transplant-eligible patients may achieve 
rapid and deep responses with the HMA-Venetoclax 
combination, creating an opportunity to proceed to 
transplantation before prolonged treatment leads to 
resistance or relapse. Thus, remission achieved with a 
non-intensive regimen should not necessarily imply 
indefinite continuation of non-transplant therapy. In 
high-risk disease, HMA-Venetoclax may instead 
represent a therapeutic window for transplantation. 

A similar principle applies to molecularly targeted 
therapies. FLT3 inhibitors provide the clearest example 
of drugs integrated throughout the transplant pathway. 
They can be used during frontline treatment, as salvage 
therapy to achieve a transplantable remission, and after 
HSCT to suppress residual disease. Their availability has 
not eliminated the rationale for transplantation in 
intermediate-risk FLT3-mutated AML, but it has created 
additional opportunities to control disease before and 
after HSCT. Gilteritinib in refractory or pretreated 
disease is particularly illustrative, as targeted therapy 
may convert active leukemia into a remission suitable for 
transplantation. At the same time, post-transplant 
treatment may further reduce relapse risk. 

IDH and menin inhibitors may similarly expand 
access to transplantation in molecularly defined AML. 
Their ability to induce responses with relatively 
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favorable toxicity may be valuable when intensive 
salvage is ineffective or poorly tolerated. In these 
settings, the objective may be less about achieving 
definitive disease control with the targeted agent alone 
than about achieving sufficient disease reduction to 
allow HSCT. Thus, the clinical value of these agents 
should also be considered in the context of the 
subsequent treatment sequence. 

At the same time, increasingly effective non-
transplant therapies raise the question of whether 
transplantation can be safely avoided in selected patients. 
This may become particularly relevant in favorable-risk 
AML and in selected intermediate-risk patients 
achieving sustained deep molecular responses. However, 
there is currently insufficient evidence to define which 
patients can safely omit HSCT on the basis of response 
to novel therapies. MRD negativity is strongly associated 
with favorable outcome. Still, it does not eliminate 
relapse risk, while transplantation solely because of 
persistent low-level MRD may expose some patients to 
substantial treatment-related risks without sufficient 
benefit. 

MRD is therefore likely to become increasingly 
central to individualized treatment. The relevant question 
may no longer be simply whether CR has been achieved, 
but whether the response is sufficiently deep and durable 
to justify continuing non-transplant therapy or whether 
transplantation should be pursued. This is particularly 
relevant in molecularly defined AML, such as NPM1-
mutated disease, in which sensitive molecular 
monitoring allows dynamic assessment of residual 
disease. However, MRD should not be interpreted as a 
binary variable, as its prognostic significance depends on 
the molecular marker, assay sensitivity, timing, disease 
context, and kinetics of response. Importantly, delaying 
transplantation to achieve deeper molecular clearance 
must be balanced against the risk of disease progression 
or treatment resistance. 

Another major implication of the new therapeutic 
landscape is the changing role of allogeneic HSCT in 
relapsed AML. Targeted agents may overcome one of 
the main limitations of transplantation in relapse, namely 
the inability to achieve sufficient disease control with 
conventional salvage chemotherapy. Even when a 
targeted agent provides limited long-term disease control, 
its ability to convert active disease into a transplantable 
remission may have substantial clinical value. Therefore, 
response rates and duration of response to FLT3, IDH, or 
menin inhibitors should be interpreted in the context of 
subsequent transplantation rather than in isolation. 

Nevertheless, evidence linking novel therapies to 
HSCT remains limited. Much of the evidence derives 
from retrospective studies, post hoc analyses, or small 
prospective cohorts. Patients who respond and proceed 
to transplantation are inherently selected for favorable 
characteristics, including treatment sensitivity, adequate 

organ function, performance status, donor availability, 
and clinical stability. Consequently, improved survival 
among transplanted responders cannot necessarily be 
attributed to the preceding drug, nor does a higher 
transplantation rate demonstrate superiority over 
continued non-transplant therapy. 

The post-transplant setting represents another 
important area of change. Allogeneic HSCT is 
increasingly being incorporated into a broader 
continuum of pharmacological disease control rather 
than representing the final therapeutic step. The strongest 
evidence currently supports FLT3 inhibitors, particularly 
sorafenib, while emerging data on gilteritinib, IDH 
inhibitors, menin inhibitors, and hypomethylating agents 
suggest that post-HSCT maintenance may become 
increasingly relevant in selected patients. The rationale 
is that pharmacologically suppressing residual molecular 
disease may complement the graft-versus-leukemia 
effect and reduce the risk of overt relapse. Table 1 
displays selected post-HSCT pharmacological strategies 
in AML. 

However, post-HSCT maintenance should not yet be 
generalized across all AML subgroups. Evidence varies 
substantially by drug and molecular disease, and many 
studies are limited by small sample sizes, heterogeneous 
populations, and non-randomized designs. Optimal 
timing, duration, and patient selection remain uncertain, 
particularly in the context of immunosuppression or 
graft-versus-host disease. Integration with molecular 
MRD monitoring may therefore be essential to identify 
patients most likely to benefit from maintenance. 

Overall, novel drugs' impact on allo-HSCT is likely 
bidirectional. In some patients, more effective non-
transplant therapy may reduce the absolute benefit of 
transplantation, particularly when sustained MRD 
negativity is achieved, and evaluation of transplant-
related risk is substantial. In others, novel agents may 
increase the role and impact of transplantation by 
offering a realistic pathway to remission in otherwise 
refractory or relapsed disease. Thus, the same therapeutic 
innovation may reduce the need for transplantation in 
one subgroup while increasing access to transplantation 
in another. 

This changing landscape emphasizes the importance 
of assessing transplant benefit in absolute rather than 
relative terms. As non-transplant therapies become more 
effective, the key question is not simply whether HSCT 
provides the lowest relapse risk, but whether its 
reduction in relapse risk outweighs NRM and long-term 
morbidity compared with contemporary 
pharmacological alternatives. This balance will 
increasingly depend on disease biology, MRD, age, 
comorbidities, donor characteristics, conditioning 
intensity, and the expected efficacy of available targeted 
therapies. A proposed algorithm is displayed in Figure 1. 
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Table 1. Selected post-HSCT pharmacological strategies in AML 

Strategy Subgroup Evidence Objective Current status 

Sorafenib FLT3-ITD Randomized phase 3 studies Relapse prevention 
Most consolidated 
targeted evidence 

Gilteritinib FLT3-ITD 
Randomized; benefit concentrated by 

peri-transplant MRD 
Maintenance/ MRD-

guided strategy 
Patient selection 

important 

Ivosidenib IDH1 Phase I, single-arm Maintenance Investigational 

Enasidenib IDH2 Early-phase study Maintenance Investigational 

Menin inhibitors 
KMT2A-

rearranged/NPM1-mutated 
Early studies and preliminary real-

world/conference data 
Maintenance/ molecular 

disease control 
Investigational 

Azacitidine/CC-
486 

Various high-risk 
AML/MDS 

Heterogeneous randomized and non-
randomized studies 

Maintenance or pre-
emptive therapy 

Not a universal standard 

 
 

 
Figure 1. Dynamic decision algorithm for transplantation in AML in the era of novel therapies. 
 

The future therapeutic model may therefore shift 
toward increasingly MRD-guided, molecularly adapted 
treatment algorithms. Baseline genetic and clinical 
characteristics would provide an initial estimate of 
relapse risk, while treatment response and serial MRD 
measurements would dynamically update it. In this 
model, transplantation would remain a major curative 
intervention. Still, it would be deployed selectively, 
either when relapse risk without transplantation remains 
sufficiently high or when novel therapy creates an 
opportunity for transplantation in otherwise difficult-to-
treat disease. Post-HSCT maintenance could then be 
reserved for patients with substantial residual relapse risk 
or persistent molecular targets. 

Prospective studies are needed to determine whether 
molecular response to novel agents predicts differential 
benefit from allo-HSCT, when transplantation should be 
performed after targeted therapy, and whether 
maintenance should be universal or MRD-guided. 
Comparative studies are also required to establish 
whether selected patients with sustained deep responses 
can safely avoid transplantation without compromising 
cure rates. 

 
Conclusions. Overall, novel AML therapies should be 
seen as an opportunity to refine, not diminish, the role of 
allogeneic HSCT. The challenge is to define the 
sequence and combination of therapies that maximize 
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durable disease control while minimizing cumulative 
toxicity. Allogeneic HSCT is increasingly becoming one 
component of an individualized therapeutic continuum 

in which disease biology, MRD, targeted therapy, 
transplantation, and post-transplant intervention are 
integrated according to the evolving risk of each patient. 
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