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ABSTRACT

This document updates the 2023 Brazilian Society of Cell Therapy and Bone Marrow Transplantation (SBTMO) consensus
on allogeneic hematopoietic stem cell transplantation (HSCT) for acute myeloid leukemia (AML), incorporating the
2022 and 2024 European LeukemiaNet (ELN) risk classifications, the 2025 ELN-DAVID measurable residual disease (MRD)
recommendations, recent induction trials, and the 2025 European Society for Blood and Marrow Transplantation (EBMT)
transplant indications. MRD monitoring, assessed by quantitative polymerase chain reaaction, next-generation sequencing,
or multiparameter flow cytometry, now guides transplant timing alongside ELN risk category, refining decisions in
intermediate-risk patients and informing pre- and post-transplant management. Allogeneic HSCT remains indicated for
adverse-risk AML and second complete remission regardless of MRD status, while favorable-risk patients generally avoid
transplant unless MRD persists after consolidation. For elderly patients, chronological age alone should not exclude HSCT
candidacy; comprehensive geriatric assessment and alternative donor sources have expanded access, supported by
Brazilian regulatory changes raising the eligibility age to 75. Conditioning strategy, graft-versus-host disease prophylaxis
with post-transplant cyclophosphamide, stem cell source selection, and donor immunogenetic screening are addressed,
alongside emerging post-transplant maintenance therapies for high-risk molecular subgroups. Novel cellular therapies—
CAR-T and CAR-NK cells—remain investigational, limited by antigen escape and short persistence, requiring consolidation
with allogeneic HSCT. This consensus provides evidence-graded recommendations to standardize transplant decision-
making for AML across Brazilian centers, reflecting the rapidly evolving therapeutic and diagnostic landscape.
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INTRODUCTION

This document constitutes the update to the Brazilian Society of Bone Marrow Transplantation (SBTMO)
recommendations on allogeneic hematopoietic stem cell transplantation (HSCT) for acute myeloid leukemia
(AML). The previous version, published in the Journal of Bone Marrow Transplantation and Cellular Therapy in
2023, already incorporated the European LeukemiaNet (ELN) 2022 recommendations?. The present update
integrates data from the ELN 2024 guidelines®*—specifically developed for less-intensive therapies—, the most
recent induction clinical trials, new evidence on measurable residual disease (MRD) according to ELN David
for AML MRD working party 2025, and the 2025 European Society for Blood and Bone Marrow Transplantation
(EBMT) recommendations for transplant indications*.

In recent years, there have been significant advances in the field of HSCT for AML: approval of new targeted
agents (midostaurin, gilteritinib, enasidenib, ivosidenib, gemtuzumab ozogamicin) and consolidation
of azacitidine + venetoclax as the standard regimen for patients ineligible for intensive chemotherapy?.
In parallel, MRD monitoring has established itself as an essential tool for HSCT decision-making, going beyond
the ELN risk category as the sole criterion*®,

It is equally important to emphasize that the HSCT indication should be considered at the time of diagnosis,
based on the estimated relapse risk for each risk category, MRD status throughout treatment, the patient’s
clinical condition, and donor availability. HSCT remains the gold standard for patients with intermediate- and
adverse-risk AML, being the only modality with sustained curative potential in these populations.

DIAGNOSIS AND RISK STRATIFICATION

Diagnostic criteria and classification

AML diagnosis is currently guided by two parallel classification systems: the 5" edition of the World Health
Organization’s document’ and the International Consensus Classification®, which differ in certain diagnostic
criteria despite a shared molecular basis.

The diagnosis of AML by the WHO? is based on the identification of = 20% blasts in the bone marrow
or peripheral blood. Exceptions include AML with the defining genetic abnormalities—including PML-
RARA, RUNXT1-RUNXT1T1, CBFB-MYH11, RBM15-MRTFA, DEK-NUP214, rearrangements of KMT2A, MECOM, or
NUP98, and NPM1 mutation—, meaning these diagnoses can be made regardless of blast percentage.
The exceptions that still require the full 20% threshold are BCR-ABL1 fusion and CEBPA-mutated AML.
According to the ICC3, in patients with defining mutations—such as NPM1, in-frame bZIP CEBPA mutations,
or recurrent translocations—, the diagnosis is confirmed with > 10% blasts (with the exception of BCR-
ABL1, which still requires 20%).

Complete diagnostic workup must include bone marrow morphology, multiparameter flow cytometry
immunophenotyping, conventional cytogenetics (karyotype), fluorescence in-situ hybridization when indicated,
and a comprehensive molecular panel by polymerase chain reaction and/or next-generation sequencing (NGS)
for the main mutations: FLT3-ITD/TKD, NPM1, IDH1, IDH2, CEBPA, TP53, RUNXT1, ASXL1, SF3B1, SRSF2, and other
prognostically relevant genes. The FLT3-ITD allelic ratio must be quantified, as it impacts risk stratification.

The WHO recognizes the following AML categories: AML with recurrent genetic abnormalities (renamed from
“recurrent genetic abnormalities”®), AML, myelodysplasia-related (defined by cytogenetic or gene mutation
criteria—not morphologic dysplasia alone), secondary myeloid neoplasms (including those following
cytotoxic therapy), myeloid neoplasms with germline predisposition, and AML not otherwise specified.

Hereditary myeloid malignancy syndromes (HMMS), including germline mutations in DDX41, RUNX1, CEBPA,
TP53, and DNA repair genes, should be actively investigated when there is a personal or family history of
cytopenias, hematological malignancies, or suggestive mutations in the somatic molecular profile’.
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European LeukemiaNet 2022 risk stratification: intensive therapy

The ELN 2022 is the reference standard for risk stratification in patients receiving intensive chemotherapy,
being widely validated in multicenter studies. It encompasses cytogenetic abnormalities and molecular
mutations? (Table 1).

Table 1. European LeukemiaNet risk stratification: intensive therapy.

Risk category Genetic abnormality

t(8;21)(922;922.1); RUNXT:RUNXTT1
inv(16)(p13.1922) or t(16;16)(p13.1;922); CBFB:MYH11
Mutated NPM1 without FLT3-ITD
bZIP in-frame mutated CEBPA

Mutated NPM1 with FLT3-ITD
Wild-type NPM1 with FLT3-ITD (without adverse-risk genetic lesions)
t(9;11)(p21.3;923.3); MLLT3:KMT2A
Cytogenetic and/or molecular abnormalities not classified as favorable or adverse

t(6;9)(p23;q34.1); DEK:NUP214

t(v;11923.3); KMT2A rearranged
1(9;22)(q34.1;911.2); BCR::ABL1

t(8;16)(p11;p13); KAT6A::CREBBP

Adverse inv(3)(q21.3926.2) or t(3;3); GATA2, MECOM(EVIT)
t(3926.2;v); MECOM(EVI1)-rearranged
-5 or del(5q); -7; -17/abn(17p)
Complex karyotype, monosomal karyotype
Mutated RUNXT; ASXL1; SF3B1; SRSF2; STAG2; U2AF1; ZRSR2; BCOR; EZH2; TP53*

ITD: internal tandem duplication; high/low: allelic ratio; *TP53 mutation at a variant allele fraction of at least 10%, irrespective of the TP53 allelic status
(mono- or biallelic mutation). Source: Adapted from Déhner et al.2.

Favorable

Intermediate

European LeukemiaNet 2024 risk stratification: less-intensive therapies

In 2024, the ELN published a risk classification specifically for AML patients receiving less-intensive therapies
(hypomethylating agent + venetoclax)?, recognizing that the ELN 2022 stratification? developed for intensive
chemotherapy, does not adequately discriminate outcomes in this population (Table 2). The Beat-AML 2024
model demonstrated that the ELN 2022 does not differentiate favorable from intermediate risk in patients
> 60 years old receiving less-intensive therapy (two-year overall survival = 47 versus 50%, respectively;
p = 0.71)". In this new classification, IDH1, IDH2, NPM1, and DDX41 mutations are categorized as favorable
in the absence of co-occurring adverse mutations, whereas TP53-mutated AML is always adverse regardless
of FLT3 status. The model was developed from pooled data from the VIALE-A phase 3 trial and a phase 1b
study of azacitidine + venetoclax''. The limitations of this study include its inapplicability to patients with
prior hypomethylating agent exposure or antecedent myeloproliferative neoplasms, as well as its inability
to characterize rare gene rearrangements. Therefore, prospective validation in clinical trials and real-world
datasets is still needed.

Table 2. European LeukemiaNet 2024 risk stratification: less-intensive therapy.

Risk category Genetic abnormality (less-intensive therapy) Key condition
Favorable IDH1*,IDH2, NPM1, or DDX41 mutations (without co-occurring adverse-risk mutations) FLT3-ITD negative
AML with MR gene mutations (FLT3-ITDneg, NRASwt, KRASwt, TP53wt) No NRAS or KRAS or TP53 mutation.
AML with MR gene mutations (FLT3-ITDpos and/or NRASmut and/or KRASmut; TP53wt)

TP53wt - signaling comutations

Intermediate Other cytogenetic and molecular abnormalities (FLT3-ITDpos and/or NRASmut and/or shift favorable s intermediate

KRASmut; TP53wt)

Adverse Mutated TP53 (VAF >10%) Universal poor prognosis: all regimens

AML: acute myeloid leukemia; MR: myelodysplasia-related; VAF: variant allele frequency; ITD: internal tandem duplication; wt: wild-type. This classification does not apply
to patients who have received prior treatment with a hypomethylating agent; *favorable risk applies specifically to patients treated with AZA + IVO, regardless the
presence of activating signaling gene mutations. Source: Adapted from Déhner H et al 2.
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Measurable residual disease and the transplant decision

MRD guides transplant decisions in AML, both before HSCT for risk stratification (Tables 3 and 4) and after
HSCT for relapse monitoring (Table 5). ELN-DAVID 2025 consensus recommends the assay types, time points,
sample types, and thresholds to optimize the use of MRD for decision making'. While pretransplant MRD
positivity does not preclude proceeding to transplant (Table 3), post-HSCT MRD can tailor target epigenetic
and immune-based interventions to reduce relapse risk while managing graft-versus-host disease (GVHD).

Table 3. Recommendations for the applicability of measurable residual disease in patients eligible for
hematopoietic stem cell transplantation.

. Level of Grade of
Recommendation . q
evidence recommendation
For clinical decision-making, MRD should be assessed following the specific recommendations | A
for the assay type, time point, and tissue, according to the ELN 2025 consensus'? (Table 4).
For clinical decision making, MRD assessment should be performed with a qualified assay as ; A
based on the guidelines for rare events in MFC%'2, ’

Clinical interpretations of MRD response are termed optimal, warning, and high risk of treatment

failure, according to MRD cutoff values: negative (MRD-), low-level positive (MRD-LL), and " A
positive (MRD+). These cutoff values vary according to the method used and the AML molecular

group'? (Table 5).
Patients with ELN favorable risk and optimal MRD response (MRD-) do not require HCT. | A

For ELN intermediate risk patients with optimal MRD response, the value of alloHSCT may
be discussed with the patient, although deferring transplantation for these patients in first | A
remission is associated with a higher relapse incidence-"".

Patients in the warning category (primarily MRD-LL) should continue their planned treatment

including alloHSCT, if indicated. These patients should be closely monitored for MRD relapse. i B

Patients with MRD+, in the categories “high risk of treatment failure” and “MRD relapse’, should
be considered for HSCT if eligible, regardless of the genetic risk.

ELN adverse risk patients are eligible for HSCT regardless of early MRD response, due to the high
risk of relapse. Maintenance therapy after alloHSCT and post-transplant monitoring may be 1l A
instructed by MRD assessment in these patients.

Pretransplant MRD positivity is not a contraindication to HSCT. It is recommended not to delay
HSCT for patients who have achieved clinical remission. It improves the outcome of patients who \% B
test MRD positive compared with continued chemotherapy or observation.

In patients with detectable MRD before HSCT, myeloablative conditioning should be considered. 1l B

MRD: measurable residual disease; ELN: European LeukemiaNet; MFC: multiparametric flow cytometry; AML: acute myeloid leukemia; alloHSCT: allogeneic hematopoietic
stem cell transplantation. Source: Adapted from Heuser et al.° and Cloos et al."%

Measurable residual disease in the pre-hematopoietic stem cell transplantation setting

The methodology underlying MRD interpretation is detailed in Table 4, which specifies, marker by marker,
which assay and sample type should be used, at what time point in treatment, and the cutoffs that separate
negative, low-level positive and positive results. Table 5 then defines what counts as MRD relapse for each of
these markers, based on conversion from undetectable to detectable or on crossing the specified threshold.

Targeted therapy for measurable residual disease in the pre-hematopoietic stem cell transplantation setting

There are discussions about the benefit from additional therapy to eradicate persistent MRD pre-HSCT for some
populations, but there is no consensus, and prospective studies are needed to define this issue®. It must be
stressed that NPM1 mutated patients with persistent MRD at HSCT have high incidence of relapse may benefit
from further treatment designed to eradicate MRD prior to HSCT. Another issue to consider is that patients who
are unable to tolerate intensive conditioning may benefit from additional therapy targeting MRD.
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Table 4. Recommendations for measurable residual disease assay type, time point and tissue, according to the
European LeukemiaNet 2025 consensus in patients eligible for hematopoietic stem cell transplantation'.

Marker Assay Time point Tissue MRD % MRD R LD
burden response
> 3-log10 reduction from Low-level/ .
; . . Optimal
After two cycles diagnosis negative
BM
Cht or pre-HSCT < 3-log10 reduction from " .
. . Positive Warning
RUNXT:RUNXITT1 qPCR diagnosis
and CBFB:MYHT1 > 3-log10 reduction from Low-level/ Optimal
EQT (after diagnosis negative P
consolidation/ BM -
HSCT) < 340910. reducFlon from Positive High risk of failure
diagnosis
< 0.001% or undetectable (A) Negative Optimal
After two cycles PB >0.001% to < 0.01% and Low level Warnin
Cht or pre-HSCT detectable (B) positive 9
>0.01% and B Positive Warning
NPM1 qPCR
<0.001% or A Negative Optimal
EOT (after Low level
consolidation/ BM >0.001% to < 0.1% and B ositive Warning
HSCT) P
>0.1%and B Positive High risk of failure
EOT (after <0.001% or A Negative Optimal
PML::RARA gqPCR consolidation/ BM
HSCT) >0.001% and B Positive Warning
After two cycles < LOD (10%/10*) Negative Optimal
PB or BM
ChT or pre-HSCT >LOD (103/10%) Positive High risk of failure
FLT3-ITD NGS EOT (after <LOD (10%/10%) Negative Optimal
consolidation/ PB or BM
alloHSCT) >LOD (103/10%) Positive High risk of failure
After two cycles o . .
Cht or pre-HSCT BM <0.01% or < LOD Negative Optimal
MFC (LAIP or DfN) MFC EOT (after >0.01% to < 0.1% and > LOD Low.letvel Warning
N positive
consolidation/ BM
alloHsCT) >0.1% Positive High risk of failure

MRD: measurable residual disease; gPCR: quantitative polymerase chain reaction; NGS: next generation sequencing; MFC: multiparametric flow cytometry; Cht:
chemotherapy; HSCT: allogeneic hematopoietic cell transplantation; EOT: end of treatment; allo-HSCT: allogeneic hematopoietic stem cell transplantation;
BM: bone marrow; PB: peripheral blood; LAIP or DfN: leukemia-associated immunophenotype or different from normal immunophenotype;

LOD: limit of detection. Source: Adapted from Cloos et al.’.

Table 5. Definition of measurable residual disease relapse.

Marker Assay Tissue MRD relapse definition
General definition Conversion from undetectable to detectable MRD with the following thresholds
NPM1 qPCR PB 20.01% or = Tlog,  if MRD+ previously
NPM1 qPCR BM >0.1% or = 1log, if MRD+ previously
RUNé;;:g,\'A\‘am and qPCR PB and BM >0.1% or > 1log,, if MRD+ previously
PML::RARA qPCR BM >0.001% or > 1log, if MRD+ previously
FLT3-ITD UHS NGS PB or BM > LOD*
LAIP/DfN MFC BM >0.1%
Other gene mutation UHS NGS PB or BM > 0.01% or = 1log' if MRD+ previously

MRD: measurable residual disease; gqPCR: quantitative polymerase chain reaction; PB: peripheral blood; BM: bone marrow; UHS: ultra-high sensitivity; NGS: next generation
sequencing; LOD: limit of detection; *not require a repeat sample as it is associated with imminent relapse. However, low-level FLT3-ITD MRD > LOD but < 0.01% VAF
should be promptly confirmed in a repeat sample, particularly when the FLT3-ITD clone differs from that detected at diagnosis; LAIP/DfN: leukemia-associated
immunophenotype/different from normal immunophenotype; MFC: multiparameter flow cytometry. Source: Adapted from Cloos et al.'%
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Measurable residual disease in the post-hematopoietic stem cell transplantation setting

Relapse remains the leading cause of treatment failure after HSCT in AML. The identification of
patients at imminent risk of relapse through MRD monitoring is essential to enable timely therapeutic
intervention*?'-%, The median interval between molecular MRD detection by NGS and overt relapse
is approximately three months, whereas MRD detection by multiparameter flow cytometry appears
to precede morphologic relapse by a shorter interval, approximately two months?*#, A systematic
compilation of available evidence was undertaken by EBMT in 2025, providing the framework for current
post-transplant MRD management strategies®.

Time points

Timing, sample source, and assay-specific considerations have been addressed in the 2025 ELN-DAVID
recommendations (Table 4). For flow cytometry-based assays, bone marrow monitoring should be performed
every three months for 12 months. Patients with defined molecular targets should be monitored every four to
six weeks for 24 months'. A suggested schedule includes assessments at D+30, D+60, D+90, D+180, D+270,
and D+365'>23:2627,

INDICATIONS FOR ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANTATION IN ACUTE MYELOID LEUKEMIA

Hematopoietic stem cell transplantation in first complete remission

The indication for allogeneic HSCT in first complete remission (CR1) is based on the relapse risk estimated by
ELN category, MRD status, and the patient’s clinical condition (including HCT-comorbidity index and EBMT
comorbidity scores)?#%,

Recommendations are3°:

« Adverse risk: allogeneic HSCT in CR1 is strongly indicated (A1). This is the highest priority, regardless of
MRD. HSCT should be performed as soon as possible after achieving complete remission, minimizing the
number of consolidation cycles;

-+ Intermediate risk: allogeneic HSCT in CR1 is indicated (A1), particularly in the presence of MRD positivity.
In patients with MRD-negative status and low-allelic-ratio FLT3-ITD (per ELN 2022/2024)*3, the decision
may be individualized through multidisciplinary discussion;

- Favorable risk: allogeneic HSCT in CR1 is not routinely indicated. High-dose cytarabine consolidation
(HiDAQ) is the preferred strategy. Exception: persistently MRD-positive after consolidation warrants
reassessment of the HSCT indication.

The HSCT indication should be considered from the time of diagnosis, anticipating human leukocyte antigen
(HLA) typing of the patient and potential family donors, so that transplantation is not delayed beyond the
optimal window.

Hematopoietic stem cell transplantation in second complete remission and refractory/relapsed disease

Allogeneic HSCT should be offered to all AML patients in second complete remission (CR2) (level of evidence A1).
In refractory/relapsed (R/R) disease, median overall survival is less than six months without re-induction
followed by HSCT. The goal of re-induction is to achieve CR2 and consolidate with HSCT—the only strategy
with curative potential in this setting. Main re-induction options include:

- FLAG-IDA: standard re-induction regimen for patients eligible for intensive therapy. CR ~45-55%3'3%;

« Gilteritinib: indicated in FLT3-ITD/TKD+ R/R AML. Median overall survival 9.3 versus 5.6 months versus
chemotherapy (CR 21%)*. U.S. Food and Drug Administration/Brazilian Health Regulatory Agency approved;
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« Enasidenib / ivosidenib: for IDH2+ /IDH1+ relapsed AML, respectively. May serve as a bridge to HSCT?**;
-« Azacitidine + venetoclax (rescue): increasingly used as non-intensive re-induction. CR ~20-30%3;

« For R/R AML patients: FLAMSA-RIC: sequential regimen consisted with high-dose chemotherapy followed
by reduced-intensity conditioning (RIC) with three-year overall survival of ~40% and three-year disease-
free survival (DFS) of ~39% (meta-analysis)®; or FLAMSA-BuMel*”: two-year overall survival of 89% and two-
year DFS of 68% in the HLA-matched group versus 34 and 34% in the haploidentical group, respectively.

In patients with active AML at the time of allogeneic HSCT, outcomes are substantially worse. Achieving CR
prior to HSCT should therefore be the primary objective whenever feasible.

Hematopoietic stem cell transplantation for elderly patients

The incidence of AML increases with age, with a median age at diagnosis of 68 years old. In patients with
intermediate- and high-risk, once CR is achieved, the allogeneic HSCT is considered a therapeutic strategy
with a chance of cure®. Chronological age alone should not be considered a limiting factor for HSCT eligibility,
as advances in conditioning regimens, supportive care, and the use of alternative donor sources have enabled
HSCT to become a feasible therapeutic option for older patients3®4,

Therefore, an appropriate selection process should be performed to identify patients who are most likely to
benefit from HSCT, considering the toxicity associated with transplant protocols, the high risk of relapse, and
challenges related to access to transplantation*'. The decision to perform allogeneic HSCT in older adults
should be based on a comprehensive multidimensional and multidisciplinary assessment, including physical
fitness, comorbidities, physiological reserve, and frailty, in order to identify pre-transplant vulnerabilities,
support decision-making regarding patient suitability for the procedure, and tailor post-transplant supportive
care strategies to improve outcomes.

Currently, there are no standardized and validated geriatric assessment scales specifically designed for HSCT.
The comprehensive geriatric assessment (CGA) is a well-established tool that evaluates all patients older
than 60 years old, considering functional status, frailty, comorbidities, disease status, previous therapies, and
psychosocial and socioeconomic factors*#'42, Other parameters may also assist in transplant decision-making.
The HCT-Cl is widely used to assess comorbidity burden, while the composite health risk assessment model
(CHARM) score, originally developed to predict the risk of non-relapse mortality, has also been associated
with increased frailty, disability, cognitive decline, and severe organ toxicities, outcomes that are particularly
relevantin older allogeneic HSCT recipients. In addition, the Montreal cognitive assessment (MoCA) evaluates
cognitive function and may provide important information during pre-transplant evaluation. Other tools are
also available to assess frailty in older adults*=,

In Brazil, the Ordinance No. 1,813, dated July 22, 2020, expanded the age limit for eligibility for allogeneic
HSCT to up to 75 years old, thereby increasing access to treatment, particularly for patients with AML and
MDS*. In 2018, the incorporation of a comprehensive geriatric assessment to evaluate the eligibility of older
patients for HSCT became widely adopted®?, and the ordinance GM/MS No. 8,041, dated September 25, 2025,
strengthened the organization of the National Transplant Policy in Brazil and established that older patients
must undergo a CGA prior to transplantation as a requirement for safety and eligibility*.

It is essential to carefully consider RIC and non-myeloablative regimens, and donor selection should take into
account donor age, as advanced donor age may be associated with less favorable outcomes®.

A Brazilian study*® evaluated the outcomes of HSCT in patients aged 60 years old or older treated for AML, MDS,
and myeloproliferative neoplasms over an 11-year period. The study demonstrated a progressive increase
in the use of allogeneic HSCT in elderly group in Brazil. AML was the main indication for transplantation,
accounting for 52% of cases. Overall survival in patients older than 60 years old with AML was 52% (95%
confidence interval 46-59).
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Since 2018, the use of haploidentical donors in older patients has increased, but haploidentical transplantation
has been associated with lower overall survival and a higher risk of mortality in the elderly population®. In
elderly patients with R/R AML, the prognosis remains poor in the absence of allogeneic HSCT. Only a small
proportion of older patients with R/R AML proceed to allogeneic HSCT, and the presence of active disease at
the time of transplantation is the strongest predictor of post-transplant relapse.

In this context, the two-year overall survival after HSCT is below 10% in older patients with active disease and
adverse cytogenetic features*. The phase Il SIERRA trial evaluated a targeted pre-transplant conditioning
strategy using the anti-CD45 radioimmunoconjugate *'l-apamistamab. It was well tolerated and resulted in
higher durable complete response rates compared with conventional care in older patients with active R/R
AML who are typically ineligible for standard transplantation, addressing an important unmet clinical need
in this population®,

CONDITIONING REGIMENS AND IMMUNOPROPHYLAXIS

Myeloablative and reduced-intensity conditioning

Myeloablative conditioning is indicated for young patients (< 55-60 years old) without significant comorbidities
(HCT-Cl < 2), while RIC is indicated for those over 60 years old or with comorbidities contraindicating MAC (B2)*.

Long-term Gruppo Italiano Trapianto di Midollo Osseo (GITMO) results showed no difference in leukemia-
free survival (LFS) or overall survival between the BuFlu and BuCy2 arms (2B)*. Among busulfan-based
regimens, Bu4/Flu has been shown to be preferable to Bu4/Cy, offering lower toxicity without compromising
antileukemic efficacy*. Treosulfan-fludarabine, in turn, appears to be a more effective and safer conditioning
regimen than busulfan-fludarabine for AML patients undergoing allogeneic HSCT, particularly those at higher
risk®°. A meta-analysis further shows that adding decitabine to the conditioning regimen is associated with
significantly better overall survival, reduced relapse risk, and improved DFS, without increasing non-relapse
mortality or grade II-IV acute GVHD>".

Although MAC is associated with a higher rate of treatment-related mortality, this is offset by the substantially
higher relapse rate seen with RIC, and overall, MAC leads to improved survival in patients with AML undergoing
allogeneic HSCT (1A)*. In FLT3-positive AML specifically, MAC appears superior to RIC in preventing relapse
only among patients who are NPM1 wild-type at diagnosis and FLT3-ITD MRD-positive before HSCT (1A)3.
Center for International Blood and Marrow Transplant Research (CIBMTR) data (2022; N = 3,113) demonstrated
that the number of chemotherapy cycles required to achieve CR and pre-transplant MRD status—rather than
the conditioning regimen per se—significantly influence outcomes in RIC-HSCT>“.

Immunoprophylaxis

Post-transplant cyclophosphamide (PTCy)-based HSCT, typically 50 mg/kg/day on days +3 and +4, is associated
with favorable outcomes in patients with AML who remain leukemia-free two years after the transplant, and
long-term results after haploidentical HSCT with PTCy-based GVHD prophylaxis are comparable to those
achieved with 10/10 matched unrelated donor (MUD) and matched sibling donor (MSD)>>.

Consistent with this, a recent study found that haploidentical HSCT with PTCy is not inferior to 9/10-MUD
HSCT>®. In MUD using PTCy, DPB1-permissive mismatching reduces relapse in high-risk AML/MDS without
increasing GVHD or non-relapse mortality, supporting DP-permissive mismatching as an actionable criterion
for donor selection®’. For AML patients in CR2, haploidentical PTCy-HSCT is associated with lower relapse
incidence and chronic GVHD, translating into superior GVHD-free/relapse-free survival compared with MUD
HSCT>® Regarding prophylactic regimens, PTCy/CNI/MMF and ATG/CNI/MTX appear to offer similar outcomes
as alternatives for GVHD prophylaxis in AML patients>®, while the combination of PTCy and ATG seems superior
to either approach used alone (2B)%°.
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Stem cell source

Mobilized peripheral blood stem cells (PBSC) are the most used source nowadays, associated with faster
neutrophil and platelet engraftment. In MUD-MAC transplants, PBSC is associated with a higher incidence of
severe chronic GVHD compared with bone marrow?®’. In the Brazilian experience, PBSC in myeloablative related
transplants was associated with higher chronic GVHD incidence, supporting the SBTMO GVHD Study Group
recommendation to individualize stem cell source based on chronic GVHD risk®'. For RIC transplants, PBSC is the
preferred source. For haploidentical, the pioneering Baltimore protocol (which utilizes PTCy to prevent GVHD)
historically preferred BM®2. However, substituting PBSC for BM as the graft source in the Hopkins’ protocol for
haploidentical transplantation following RIC was shown to be feasible and does not affect outcomes adversely®4*,

Notes on donor selection

The immunogenetic donor selection strategies for AML HSCT are described in a specific chapter of the SBTMO
guidelines. Relevant considerations include:

- In haploidentical transplants, HLA loss by the leukemic clone may render donor lymphocyte infusion (DLI)
and retransplantation from the same donor ineffective. At relapse, HLA loss evaluation is recommended
by flow cytometry, HLA-KMR, or NGS before deciding on the salvage strategy®;

- Donors with donor-specific anti-HLA antibodies positive for recipient HLA antigens must be screened. If
positive and the only available donor, the patient should be desensitized prior to transplantation®s;

« Germline myeloid predisposition (HMMS) must be ruled out in all potential family donors, particularly when
there is a personal or family history of cytopenias, hematological malignancies, or germline mutations
identified in the patient’s somatic profile. Donors with pathogenic or likely pathogenic mutations in
HMMS-related genes should be avoided, even if asymptomatic®

Unrelated donor transplantation

CIBMTR and EBMT data in MRD and MUD transplants demonstrate comparable overall survival and relapse-
free survival (RFS) for AML. Younger MUDs resulted in improved DFS compared with older MSD recipients
across both the PTCy- and CNI-based GVHD prophylaxis strategies®”. Of note, the presence of a single-allele
mismatch did not influence outcomes, and no difference was observed between older-aged MSD and younger
mismatched unrelated donors (MMUDs) when PTCy-based GVHD prophylaxis is used®”. MUD is associated
with higher rates of grade II-IV acute GVHD and transplant-related mortality (TRM) compared to MRD. In the
absence of a 10/10 MUD, an 8/8 HLA-matched donor may be acceptable, and 7/8 mismatched donors carry
higher TRM and should be critically evaluated®’.

Haploidentical hematopoietic stem cell transplantation with post-transplant cyclophosphamide

Haploidentical HSCT with PTCy (Baltimore protocol) represents a consolidated alternative for patients lacking an
HLA-identical donor®%. Retrospective CIBMTR (N > 10,000) and EBMT data have not demonstrated a significant
difference in relapse probability between haplo-PTCy and MUD transplants. TRM in haploidentical transplants
is comparable to 8/8 MUD. An EBMT registry cohort with 852 R/R AML patients demonstrated two-year overall
survival of 30% and two-year DFS of 25% with haploidentical HSCT (A2)%. In relapse after haploidentical-PTCy HSCT,
DLI may be ineffective when leukemic clones have lost HLA molecules (HLA loss), observed in ~33% of relapses®.

Autologous hematopoietic stem cell transplantation

Autologous HSCT as consolidation in first CR is indicated in specific subgroups:

- Favorable-risk AML after one consolidation cycle, MRD-negative, no available donor (C4);
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- AMLin CR1: an option per Brazilian experience in the absence of an HLA-compatible donor (C4);

« Acute promyelocytic leukemia in second complete molecular remission (B2): autologous HSCT is superior
to allogeneic HSCT in second acute promyelocytic leukemia remission’.

POST-HEMATOPOIETIC STEM CELL TRANSPLANTATION MAINTENANCE THERAPY

Post-HSCT maintenance therapy represents an area of growing evidence, particularly in patients at high
relapse risk (MRD-positive pre-HSCT, FLT3-ITD, BCR-ABLT). The immediate post-transplant period is complex,
requiring antimicrobial and antiviral prophylaxis, transfusion support, and GVHD management, all which
demand caution in initiating maintenance.

Among the agents studied:

- Sorafenib: the randomized SORMAIN trial demonstrated RFS benefit in FLT3-ITD+: one-year cumulative
incidence of relapse was 7% in the sorafenib group (400 mg orally twice daily) and versus 38.5% in the
control group, p = 0.0010)7";

«  Midostaurin: it failed to show a statistically significant improvement in RFS or overall survival compared to
standard of care in a phase 2 randomized trial, partly due to gastrointestinal toxicities’%;

- Azacitidine: non-randomized phase I/1l studies show favorable results; a randomized study of 187 patients
showed no difference in RFS (RELAZA trial)”3. Oral azacitidine (CC-486—QUAZAR AML-001) demonstrated
LFS benefit in patients = 55 years old not eligible for HSCT, but post-HSCT data require confirmation’;

« Gilteritinib: it may improve RFS in patients with detectable FLT3-ITD MRD pre- or post-HCT, though larger
trials are still needed’;

- Venetoclax-azacitidine (NCT04161885) and IDH1/2 inhibitors (ivosidenib/enasidenib, NCT03839771) are
under active clinical investigation as post-transplant maintenance strategies in AML.

The SBTMO recommendation is that post-HSCT maintenance should preferably be performed within the
context of clinical trials. Outside of trials, sorafenib may be considered in high-risk FLT3-ITD+ patients, starting
from D+30-60, after engraftment stabilization.

OTHER TYPES OF CELLULAR THERAPY IN ACUTE MYELOID LEUKEMIA

Cellular immunotherapy for AML remains experimental, with no product currently available on
the market. A more comprehensive review of cellular therapy for hematological cancers is provided
elsewhere in this consensus.

CAR-T cells

CAR-T cell therapy for AML, as noted above, remains experimental’s. Most AML studies have focused on CD33,
CD123, and CLL-1, while newer targets, including FLT3, CD7, NKG2D, CD70, TIM3, and CD38, have also been
tested’s®. Although meaningful responses have been observed, they are usually neither deep nor durable.
Antigen overlap between AML cells and healthy progenitors, antigen escape, and the immunosuppressive
bone marrow niche appear to be the central barriers®'#2, The major toxicities are cytokine release syndrome
and myeloablation with prolonged cytopenias; neurotoxicity appears less frequent in AML than in some other
settings. To date, responses obtained with CAR-T cell therapy should be consolidated with allogeneic HSCT
because of both the short-lived nature of the response and profound myeloablation. Dual-target CAR-T cells
are being tested in preclinical and early clinical studies®.

Natural killer cells

Natural killer (NK) cell therapy appears promising compared with T-cell therapy. In fact, the initial studies of
cellular immunotherapy for AML used NK cells, mostly haploidentical NK cells. The rationale for these studies relies
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on HSCT data using T-cell-depleted haploidentical grafts. The authors observed long-term LFS without GVHD
in patients who received haploidentical mismatched NK cells®. In addition, in HSCT, NK cells lead lymphocyte
immune recovery, and the number and rate of NK-cell recovery are directly correlated with HSCT success®.
However, several aspects remain unresolved, including the ex-vivo production platform for NK cells, the intensity
of the lymphodepletion regimen, and, most importantly, their very short persistence in peripheral blood®.

For some authors, NK cells should behave like T cells, since successful CAR-T cell therapy is associated with
persistence and expansion in peripheral blood®. The uncertainty around this behavior comes from animal
studies of NK-cell physiology, particularly antiviral responses?, in which the tissue-resident characteristics
of innate lymphocytes, among which NK cells are the best-known population, were recently reaffirmed.
According to these authors, in virus-infected animal models, NK cells undergo modest expansion followed
by considerable contraction, but they develop memory, which is important for tissue protection against viral
recrudescence. There is no reason to assume that they would behave differently in the tumor setting. Studies
using ex-vivo-activated NK cells generated in the presence of genetically modified feeder cells and infused
into patients after high-dose myeloablation/lymphodepletion are not enrolling patients yet (NCT06783478).

CAR-NK cells are promising and may be safer than anti-AML CAR-T cells®2°, CD33-targeted CAR-NK cells
were able to induce MRD-negative complete remissions with low toxicity compared with CAR-T cells, but the
clinical response was also short-lived®®, which has been attributed to the known low persistence of NK cells
in peripheral blood. Several other targets are being tested, including CD123, FLT3, CLL-1, TIM3, CD70, and
NKG2D/NKG2D-ligand pathways?'-*8. Compared with CAR-T cells, CAR-NK cell therapy appears to exhibit less
myelosuppression and a less pronounced exhaustion phenotype®.

RECOMMENDATIONS

Allogeneic hematopoietic stem cell transplantation: related or unrelated

« Allogeneic HSCT is indicated in high-risk AML in CR1 (A1);

« Allogeneic HSCT is indicated in AML in CR2 (A1);

+ Allogeneic HSCT is indicated in intermediate-risk AML in CR1, particularly in MRD-positive patients (A1);
« Allogeneic HSCT is indicated in R/R AML (C4);

- MRD status must be evaluated before HSCT and integrated into the therapeutic decision; post-HSCT MRD
monitoring is mandatory.

The recommendations for HSCT in AML, including donor type and conditioning intensity, are summarized
with their levels of evidence and recommendation grades in Table 6.

Table 6. Hematopoietic stem cell transplantation recommendations in acute myeloid leukemia.

Indication Le_vel of Recommendation

evidence grade
Allogeneic HSCT (related or unrelated) in high-risk AML (CR1) Al Strong
Allogeneic HSCT in AML in second complete remission (CR2) Al Strong
Allogeneic HSCT in intermediate-risk AML with MRD-positive CR1 Al Strong

Allogeneic HSCT in refractory/relapsed AML C4 Moderate

Haploidentical HSCT (PTCy) — alternative when no HLA-identical donor available A2 Moderate (B)

Autologous HSCT — favorable-risk AML, MRD-negative post-consolidation, no available donor Cc4 Weak
Myeloablative conditioning — young patients, no significant comorbidities (HCT-Cl < 2) Al Strong

Reduced-intensity conditioning — patients > 60 years old or with comorbidities B2 Moderate

HSCT: hematopoietic stem cell transplantation; AML: acute myeloid leukemia; MRD: measurable residual disease; PTCy: post-transplant cyclophosphamide;
HLA: human leukocyte antigen; HCT-Cl: hematopoietic stem cell transplantation-comorbidity index. Source: Adapted from Greco et al.*°.
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Conditioning regimens

- MAC s indicated in young patients without significant comorbidities (age < 55 years old, HCT-Cl < 2) (A1);
« Older patients or those with comorbidities should prefer RIC (B2).

Haploidentical hematopoietic stem cell transplantation

Level of evidence A2 — Recommendation grade B.

Autologous hematopoietic stem cell transplantation

- Indicated in favorable-risk AML after one consolidation cycle, MRD-negative, no available donor (C4);
« Indicated in AML in CR1 per Brazilian experience in the absence of an HLA-compatible donor (C4);
« Indicated in APL in CR2 (B2).

CONCLUSION

Allogeneic HSCT remains the only curative option for patients with intermediate- and adverse-risk AML. MRD
status, assessed before and after transplant, is now central to the decision: it refines who among intermediate-
risk patients truly benefits from HSCT and shapes how post-transplant surveillance and maintenance are
conducted. Advances in conditioning regimens, PTCy-based GVHD prophylaxis, and more permissive donor
and age criteria have broadened access to HSCT. Novel cellular therapies such as CAR-T and CAR-NK cells
remain investigational. As the diagnostic and therapeutic landscape for AML continues to evolve rapidly,
these recommendations should be revisited periodically, guided by prospective data and by real-world
outcomes captured through the SBTMO registry.
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