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The European LeukemiaNet recently revised both the clinical (2022) and measurable residual disease testing (2021)
guidelines for acute myeloid leukemia (AML). The updated World Health Organization and International Consensus
Classification for myeloid neoplasms were also published in 2022. Together, these documents update the classifica-
tion, risk stratification, prognostication, monitoring recommendations, and response assessment of patients with
AML. Increased appreciation of the genetic drivers of AML over the past decade and our increasingly sophisticated
understanding of AML biology have been translated into novel therapies and more complex clinical treatment
guidelines. Somatic genetic abnormalities and germ line predispositions now define and guide treatment and
counseling for the subtypes of this hematologic malignancy. In this How I Treat article, we discuss how we approach
AML in daily clinical practice, considering the recent updates in the context of new treatments and discoveries over
the past decade.
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Introduction
The World Health Organization (WHO) Blue Books classifying
cancers were first published in 1967. Later, the Society for
Hematopathology and the European Association for Haema-
topathology joined this effort and contributed to the develop-
ment of the third, fourth, and revised fourth editions of the
WHO classification of the tumors of hematopoietic and
lymphoid tissues. In 2022, the framework of the fifth edition of
the WHO classification for myeloid neoplasms was published.1

In a parallel, a large group of hematopathologists and clinical
specialists, many of whom were also involved in the develop-
ment of earlier editions of the WHO classifications, developed
another classification that focused on integrating cytogenetic,
molecular, and clinical data and published their work as 2022
International Consensus Classification (ICC).2 For clinical prac-
tice, in 2010, an international expert working group published
the first edition of the European LeukemiaNet (ELN) for the
diagnosis and management of acute myeloid leukemia (AML) in
adults.3 After the advances in diagnostics and therapeutics,
these ELN recommendations were revised in 20174 and, more
recently, in 2022.5 Because the impact of measurable residual
disease (MRD) in AML has become increasingly apparent, an
ELN working group issued the first consensus document on
MRD testing in AML clinical practice in 2017,6 which was
updated in 2021.7

Together, the updated 2022 ELN and 2021 MRD guidelines, in
addition to the fifth edition of the WHO and ICC classifications
of myeloid neoplasms1,2,5,7 (Tables 1 and 2), refine the latest
recommendations for the classification, risk stratification, prog-
nostication, monitoring, and response assessment for the
treatment of AML. In this article, we discuss how we incorporate
these updates in our daily clinical practice, considering the
multitude of new treatments (Figure 1) and discoveries in AML
over the past decade. Notably, whenever available, clinical
trials constitute the preferred therapy for patients with nonacute
promyelocytic AML, particularly in light of these newly revised
classifications, highlighting the main changes and modifications
with a potentially major impact on AML treatment modalities.
The proposed approaches to diagnosis and treatment in the
following cases are based on evidence, whenever available,
recently published guidelines, and our collective experience
and opinion when no high-quality evidence exists.

Case 1
A 45-year-old man was diagnosed with de novo AML. Meta-
phase cytogenetics at diagnosis were interpreted as a normal
karyotype. Molecular testing revealed an fms-related receptor
tyrosine kinase 3 internal tandem duplication (FLT3-ITD) muta-
tion with a mutant allelic ratio (AR) of 0.25, a nucleophosmin
1 (NPM1) mutation (c.862_863insCATG) with a 30% variant
allelic frequency (VAF), and a DNA methyltransferase 3 alpha
(DNMT3A) mutation (R882C) with a 40% VAF. He achieved
complete remission (CR) after initial induction therapy with 7 +
3 + midostaurin and went on to receive a consolidation cycle
with high-dose cytarabine and midostaurin. After the first
consolidation cycle, MRD was detected via multiparameter flow
cytometry (MFC). At the same time, molecular MRD assessment
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Table 1. Major clinically relevant differences among ELN 2022, fifth edition of the WHO, and the ICC 2022 of myeloid
neoplasms

ELN 2022 & ICC 2022 WHO fifth edition

MDS/AML (without AML-defining genetic
alterations)

10%-19% blasts Designated as MDS-IB2 (10%-19% bone
marrow or 5%-19% peripheral blood or Auer
rods)

AML with antecedent MDS, MDS/MPN, or prior
exposure to therapy

Myelodysplasia added as a diagnostic qualifier Included as a separate entity, AML-MR

AML with NPM1 mutations, KMT2A
rearrangement, MECOM rearrangement,
and NUP98 rearrangement

Requires ≥10% blasts in bone marrow or
peripheral blood

Can be diagnosed irrespective of blast count

AML with CEBPA mutation Requires ≥10% blasts in bone marrow or
peripheral blood

Includes only bzip mutations

Requires ≥20% blasts in bone marrow or
peripheral blood

Includes biallelic and bzip mutations

TP53 mutation Included separately in the hierarchical
classification

Not included as a separate entity for AML

Therapy-related Added as a diagnostic qualifier Included as separate entity AML-pCT

bzip, basic leucine zipper; MDS, myelodysplasia; MDS-IB2, MDS with increased blasts; MPN, myeloproliferative neoplasm; pCT, post cytotoxic therapy.
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using quantitative reverse transcription polymerase chain
reaction showed the presence of residual NPM1 mutations in
the blood. Next-generation sequencing (NGS) was not per-
formed. The patient then underwent matched unrelated allo-
geneic hematopoietic cell transplantation (allo-HCT) with a
myeloablative conditioning (MAC) regimen. Given the presence
of an FLT3-ITD mutation at the time of the initial diagnosis,
posttransplantation maintenance therapy with sorafenib was
initiated. One hundred days after transplantation, repeat bone
marrow biopsy and aspiration showed continued CR without
evidence of MRD via flow cytometry or molecular methods,
except for the detection of a different DNMT3A mutation with
42% VAF using the same NGS panel used at the initial
diagnosis.

The 2017 ELN recommendations considered AML with NPM1
mutation and low (<0.5) FLT3-ITD mutation AR as part of the
favorable-risk category.4 This recommendation was based on
studies showing that NPM1-mutated disease with an FLT3-ITD
AR ≥0.5, was associated with worse survival rates, contrary to a
low AR ratio (<0.5), which had similar survival to the FLT3 wild-
type subgroups.8-10 However, the 2022 ELN updated recom-
mendations no longer consider the FLT3-ITD AR in the risk
classification, and now, FLT3-ITD is classified as intermediate-
risk, regardless of NPM1 mutation status. This change was
prompted by the lack of standardization of FLT3-ITD quantifi-
cation, the impact of midostaurin therapy, and the incorpora-
tion of MRD status in the treatment schema.11

MRD monitoring in AML is increasingly performed using
molecular testing for those with suitable leukemia-associated
genomic alterations (such as NPM1 mutations or core binding
factor translocations) or otherwise using MFC. For patients with
favorable and intermediate-risk AML, persistence of MRD after
treatment may lead to upstaging of the initial ELN risk classifi-
cation from favorable to intermediate and from intermediate to
adverse, respectively, and affect decisions regarding the
benefit of allo-HCT.5 Our patient achieved CR but with the
2814 8 JUNE 2023 | VOLUME 141, NUMBER 23
persistence of MRD (now denoted CRMRD+ by ELN 2022
guidelines) after 2 cycles of chemotherapy, which did not justify
a change to our initial decision to recommend to him an allo-
HCT in an effort to reduce the risk of disease relapse.

Although centralized MRD assessment is common in clinical
trials, standardized AML MRD assessment using MFC is still not
available in many centers.12 For patients with NPM1-mutated
AML, the use of molecular testing for MRD is recommended
instead of MFC, per the 2021 ELN MRD guidelines.7 Currently,
commercial NGS testing is not recommended for use in AML
MRD and should not be used as the sole method for MRD
assessment, although large-scale efforts to generate supportive
evidence for this approach are being undertaken.13 Recent
evidence strongly supports the use of residual FLT3-ITD
detection in CR, using NGS for MRD assessment,13-15 with
persistence during remission associated with an increased risk
of relapse and death; however, this approach has not yet been
recommended by the ELN, largely because FLT3 mutations are
often subclonal, suggesting that although persistence of
FLT3-ITD may have a significant positive predictive value, its
absence may not have sufficient negative predictive value for
MRD assessment. Given that patients treated with FLT3-
inhibitors may experience high rates of FLT3-ITD–negative
relapse, it is necessary to assess for MRD using alternative
molecular targets and/or MFC during serial surveillance to limit
false negative results.16 Furthermore, the persistence of DTA
clonal hematopoiesis mutations (DNMT3A, TET2, and ASXL1)
may not be prognostically impactful and should generally not
be considered to represent MRD when detected in isolation. As
in our patient’s case, there is evidence that DNMT3A mutations
after induction,17 before transplantation,18 or after trans-
plantation,19 when detected in isolation, are not necessarily
associated with relapse. Clonal hematopoiesis may be present
in up to 16% of donors older than 55 years and are capable of
engrafting in allo-HCT recipients, and DNMT3A-mutated
clones have been shown to be associated with an increased risk
of chronic graft-versus-host-disease (GVHD) but a lower risk of
EL CHAER et al



Table 2. Major clinically relevant changes introduced to the ELN 2022 recommendations for the diagnosis and
management of AML

Updates pertinent to the disease classification

Genetic aberrations are prioritized for defining AML disease classification that are now hierarchical in nature

Blast threshold ≥10% with recurrent genetic abnormality is sufficient to diagnose AML [with the exception of AML with t(9;22)(q34.1;q11.2)]*

Introduction of a new category MDS/AML with 10%-19% blasts with defined genomic abnormalities

Removal of therapy-related myeloid neoplasms

Dysplastic morphology and prior history of MDS or MDS/MPN are now diagnostic qualifiers rather than separate clinical entities

AML with MDS-related gene mutations is considered adverse-risk (unless co-occurring with NPM1, CEBPA, or core binding factor AML) and
defined based on specific gene mutations (these cases should lack TP53), irrespective of a history of MDS or evidence of dysplastic
morphology

Additional recurrent genetic abnormalities variants added as AML-defining entities

Both monoallelic and biallelic in-frame bZIP mutations of CEBPA are now considered favorable-risk AMLs

TP53 mutations at an allelic fraction of at least 10% define a novel class of AML and MDS

Considering germ line predisposition risk for all patients with hematologic malignancies, regardless of age, testing should be performed as early
as possible, using a tissue source not likely to undergo somatic mutations (ie, cultured skin fibroblasts or hair follicles), and when identified,
germ line variants should be applied as diagnostic qualifiers to the AML category†

FLT3-ITD AR is no longer relevant for risk classification; therefore, FLT3-ITD–mutated AMLs are considered in the intermediate-risk category,
regardless of the NPM1 mutation status

NPM1mutated AML is considered favorable-risk disease; however, if adverse-risk cytogenetics abnormalities are present, it would be considered
an adverse-risk disease

AML with hyperdiploid karyotype is no longer considered adverse risk

Updates pertinent to the diagnostic procedures and MRD monitoring

Identification of LAIP, in addition to the DfN aberrant phenotype, should be performed at diagnosis for subsequent MRD monitoring via MFC

Conventional cytogenetics analysis and molecular testing are imperative

Risk stratification and management of favorable- and intermediate-risk AML can be modified via MRD testing

Isolated detection of a DTA mutation (DNMT3A, TET2, and ASXL1) should not be considered MRD

NGS-based MRD lacks standardization and, currently, should not be used alone for MRD assessment; MFC remains the gold standard for AML,
except for those with alterations in NPM1, acute promyelocytic, or core binding factor AML

General updates pertinent to clinical management

Pre-allo-HCT MRD positivity is an independent adverse-risk factor for pos-tallo-HCT outcomes; however, no randomized evidence regarding the
positive impact of additional intensive chemotherapy or other interventions used for pre-allo-HCT MRD eradication is available yet

MAC regimen is generally preferred for fit patients with pre-allo-HCT MRD positivity

Introduction of additional response criteria, that is, CRhMRD– or CRiMRD–

AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; bZIP, basic leucine zipper; CRh, complete remission with partial hematological recovery; CRi, complete remission
with incomplete count recovery; DfN, different from normal; LAIP, leukemia-associated immunophenotypes; MDS, myelodysplasia; MPN, myeloproliferative neoplasm.

*for detailed genetic abnormalities, refer to Table 1 in the article by Döhner H. et al5

†for detailed germ line disorders, refer to Table 2 in the article by Döhner H. et al5
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relapse.20 In our patient’s case, it is likely that the DNMT3A
mutation detected after allo-HCT is donor-derived, given that
this specific mutation was not identified in this patient’s
pretransplantation sample for which chimerism studies
showed that the patient’s myeloid cells were 100% of donor
origin. As often is the case, the donor did not undergo
molecular testing before donation. Given all the aforemen-
tioned information, this patient’s condition is still considered
to be in CRMRD– status even on day 100 of his post-
transplantation assessment.

Maintenance therapy with sorafenib, an FLT3 inhibitor, is now
commonly used in this patient population, with supportive
evidence from 2 randomized controlled trials,21,22 albeit this has
not yet been approved by the Food and Drug Administration or
the European Medicines Agency, and there are difficulties in
the long-term tolerance of this drug. A recent 202-patient
UPDATED AML CLASSIFICATIONS AND GUIDELINES
phase 3 clinical trial showed that post-allo-HCT sorafenib
maintenance therapy in patients aged from 18 to 60 years with
FLT3-ITD–mutated AML in CR reduced the risk of relapse at
1 year compared with no maintenance (1-year cumulative inci-
dence of relapse 7% vs 24.5%; hazard ratio [HR] 0.25; 95%
confidence interval [CI], 0.11–0.57; P = .001).21 It is important to
note that depending on the patient’s preference and the
treating physician, sorafenib was administered as a component
of the induction or consolidation treatment before trans-
plantation to 59% and 57% of the patients in the sorafenib and
control arms, respectively. Compared with the SORMAIN clin-
ical trial,22 the first randomized study to show an overall survival
(OS) advantage with posttransplantation maintenance with
sorafenib; despite a small sample size, this phase 3 study’s
maintenance time was cut in half, but the rates of relapse in
both studies appeared to be comparable. Furthermore, in both
trials, patients with relapsed or refractory disease were treated
8 JUNE 2023 | VOLUME 141, NUMBER 23 2815
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Figure 1. Timeline of FDA approvals for the treatment of AML. CRi, complete remission with incomplete count recovery; dx, diagnosed; FDA, Food and Drug
Administration; IC, intensive chemotherapy; LDAC, low dose cytarabine; MDS, myelodysplasia; Mut, mutated; R/R, relapsed and refractory.
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with sorafenib-containing salvage chemotherapy (11% in the
sorafenib group and 10% in the control group,21 and 18 of the
25 patients enrolled in the SORMAIN trial whose disease
relapsed were treated with sorafenib22). Moreover, none of the
patients in those trials received midostaurin for the treatment of
AML; therefore, the benefit of sorafenib for post-allo-HCT
maintenance remains unclear in the setting of prior mid-
ostaurin use. Post-allo-HCT maintenance therapy for 1 year with
midostaurin for patients with AML in CR1 harboring an FLT3
mutation was evaluated in RADIUS, a randomized phase 2
clinical trial, but was inadequately powered and unable to
detect an improvement in relapse free survival or OS associated
with the addition of midostaurin.23

The use of quizartinib for maintenance therapy was also eval-
uated in a QuANTUM-First global, randomized, double-blind,
placebo-controlled phase 3 clinical trial.24 After the induction
with cytarabine and anthracycline, patients who achieved CR
received up to 4 cycles of high-dose cytarabine with quizarti-
nib or placebo. Allo-HCT was performed with the treating
physician’s discretion, followed by up to 3 years of continua-
tion with quizartinib or placebo. OS was significantly longer in
the quizartinib than the placebo arm (HR, 0.776; 95% CI,
0.615-0.979; two-sided P = .0324); however, when censored
for allo-HCT, OS trended longer with quizartinib but was not
statistically significant (HR, 0.752; 95% CI, 0.562-1.008; two-
sided P = .055). In a phase 3 randomized trial, gilteritinib is
also being studied for maintenance after transplantation
among patients with FLT3-ITD AML (BMT CTN 1506,
NCT02997202). This clinical trial will probably be the most
informative for current clinical practice because it is being
conducted in an era in which pre-HCT midostaurin therapy is
the standard of care.25 The ideal FLT3-inhibitor duration will
2816 8 JUNE 2023 | VOLUME 141, NUMBER 23
require more research to be determined, but quizartinib,
crenolanib, and gilteritinib may have improved tolerabilities
and make FLT3-inhibitor treatment after allo-HCT possible for
a longer than usual duration. The optimal timing to initiate
post-allo-HCT maintenance with an FLT3 inhibitor remains to
be determined; however, most experts suggest starting
treatments as soon as possible after allo-HCT if there is evi-
dence of count recovery without GVHD.26

In a patient with AML with mutated NPM1 but without FLT3-ITD
and achieving NPM1 MRD negativity in the blood after 2 cycles
of intensive therapy, it would be reasonable to defer allo-HCT in
favor of continued consolidative chemotherapy. In such
instances, MRD monitoring at the end of treatment and every 3
months thereafter from a bone marrow sample or every 4 to 6
weeks from peripheral blood would be recommended for at
least 24 months. At any time point, evidence of MRD relapse, if
confirmed in a subsequent sample, would trigger the decision
to consider allo-HCT.7 MRD relapse is defined as conversion
from MRD negativity to MRD positivity, or a 10-fold increase in
MRD copy number variations between any 2 positive samples
measured in the same tissue.7

However, for an eligible patient, such as ours, with AML with
FLT3-ITD–mutated AML at diagnosis, we currently offer allo-
HCT regardless of MRD status. AML with concurrent
DNMT3A, NPM1, and FLT3-ITD mutations may represent a
particularly poor-risk disease subset.27,28 If allo-HCT is not
possible or is declined, 1 could consider completing consoli-
dation therapy cycles with midostaurin maintenance, although
the value of this maintenance therapy remains inconclusive.25,29

The GIMEMA AML1310 clinical trial assigned ELN2017 patients
at intermediate-risk to allo-HCT if they had evidence of
EL CHAER et al
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sustained MRD, providing suggestive evidence that this poor
prognostic indicator could be mitigated by intensification.30 No
high-quality randomized controlled trial evidence is currently
available to support deferring allo-HCT among patients with
FLT3-ITD–mutated AML who achieved MRD negativity after
induction therapy.

The detection of MRD before allo-HCT is a well-established risk
factor in determining the risk of relapse.31,32 The intensity of an
allo-HCT preparative regimen has been shown to affect survival
in AML; whenever possible, MAC is preferred over reduced-
intensity conditioning regimens,33 particularly in those with
evidence of MRD positivity before allo-HCT.18,34 However, in
many patients with AML, administering a MAC regimen is not
feasible, and it is currently unproven whether particular
reduced-intensity conditioning regimens (eg, those containing
melphalan) can decrease relapse and improve survival35

particularly in patients with evidence of MRD positivity before
allo-HCT.13

Finally, multiple agents have shown therapeutic promise for
patients with NPM1-mutated AML. High antileukemic efficacy
has been reported in patients with NPM1-mutated AML treated
with either gemtuzumab ozogamicin or venetoclax-containing
combination regimens as well as novel targeted therapies,
such as menin inhibitors.36-40 It is currently unknown how these
drugs will be optimally used in combination therapies for future
treatment, and whether they would be used alone or in com-
bination for maintenance.

Case 1 summary points
1. FLT3-ITD AR is no longer incorporated into ELN risk

stratification.
2. AML with FLT3-ITD is considered intermediate-risk,

regardless of the NPM1 mutation status.
3. Quantitative polymerase chain reaction–based and error-

corrected NGS-MRD testing in patients with NPM1-mutated
AMLmay be useful for risk-stratification, therapy selection, and
early detection of relapse.

4. NGS testing for AML MRD currently requires standardiza-
tion; however, large-scale efforts to establish the clinical use
of this methodology for FLT3-ITD and NPM1 mutations
have recently been reported and are underway for other
recurrent mutations.

5. Preleukemic DTA mutations (DNMT3A, tet methylcytosine
dioxygenase 2, and additional sex combs like-1), commonly
associated with clonal hematopoiesis of indeterminate
potential, when detected in isolation at CR, should not be
considered evidence of AML MRD.

6. MAC rather than a reduced-intensity conditioning may
improve survival in patients with AML in CR undergoing
allo-HCT and should be considered whenever possible,
particularly for those with evidence of MRD positivity before
allo-HCT.

7. Post-HCT FLT3-ITD–directed therapy should be considered
in the absence of significant toxicities.

8. Randomized clinical trials are required to generate evidence
to support allo-HCT assignment among patients who are at
intermediate risk based on MRD status and the role of pre,
peri, and posttransplantation interventions in those tested
positive for MRD.
UPDATED AML CLASSIFICATIONS AND GUIDELINES
Case 2
A 62-year-old woman was diagnosed with myelodysplastic
syndrome/neoplasm (MDS) with a bone marrow evaluation
showing 13% myeloblasts, a complex karyotype with deleted
17p, and mutated tumor protein 53 (TP53), detected by NGS,
with a VAF of 35%. The patient underwent treatment with 4
cycles of azacitidine. A repeat bone marrow biopsy at that point
showed only 4% myeloblasts with persistence of deletion 17p
along with the rest of the cytogenetic abnormalities and TP53
mutation with VAF decreased to 12%. She then underwent
matched-related donor allo-HCT with fludarabine and
melphalan reduced-intensity conditioning. After allo-HCT, her
disease remained in remission for 7 months, after which she
developed worsening cytopenias. A repeat bone marrow
biopsy and aspiration showed relapsed AML with 65% myelo-
blasts. Her clinical status rapidly deteriorated before receiving
salvage chemotherapy, and she passed away.

The new 2022 ELN and the ICC introduced numerous new
hierarchical categories for the classification of AML based on
cytogenetic and mutation profiles.2,5 Despite softening the
boundaries between MDS and AML, particularly the boundaries
defining MDS with increased blasts (MDS-IB2) and AML, the
revised fifth edition WHO classification retained the 20% cutoff
to delineate MDS from AML for cases not classified as AML with
recurrent genetic abnormalities, such as NPM1-m or KMT2A-r.1

Because blast cutoffs are arbitrary because of the inherent
biologic continuity in myeloid malignancies, a new category
denoted as MDS/AML was introduced in the ICC classification
to reflect the clinical behavior of these cancers based on their
biology and genetics rather than a specific blast cutoff.5

Therefore, based on this new 2022 ELN classification and in
the absence of AML-associated gene mutations, our patient’s
disease at initial presentation would be classified as MDS/AML
with mutated TP53, because the TP53 VAF upon diagnosis was
≥10%. According to the WHO 2022 classification, the patient’s
disease would be diagnosed as MDS with biallelic TP53
inactivation.

MDS and AML cases may have both mono and biallelic TP53
alterations, which is consistent with TP53’s tumor-suppressive
activity.41 The TP53 multihit condition, defined as having 2 or
more TP53mutations, 1 mutation with loss of the other copy via
deletion of 17p or 1 mutation with concurrent copy neutral loss
of heterozygosity of the wild-type allele, predicted the proba-
bility of mortality and leukemic progression in MDS indepen-
dently of the risk status of the revised international prognostic
scoring system.42 The subset of MDS cases with multihit TP53
alterations have a complex karyotype, increased bone marrow
blasts, higher risk of leukemic progression, and worse OS
compared with monoallelic alterations, which have characteristics
similar to those of MDS without TP53mutations.43 TP53-mutated
MDS, AML, or MDS/AML are usually chemotherapy-resistant with
lower rates of CR and inferior survival compared with TP53 wild-
type cases.28,44,45 Induction chemotherapy with cytotoxic
agents, including anthracyclines and cytarabine, liposomal
daunorubicin/cytarabine, and single hypomethylating agent for
TP53-mutated MDS/AML, has consistently shown dismal out-
comes.46,47 Although liposomal daunorubicin/cytarabine is
approved for what used to be called therapy-related AML or
secondary AML, prior therapywith a hypomethylating agent and a
8 JUNE 2023 | VOLUME 141, NUMBER 23 2817
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mutated TP53 were shown to predict inferior outcomes with this
therapy.48,49 Preclinical studies identifiedpreferential sensitivity of
TP53 mutated cells to drugs inhibiting DNA methylation, that is,
hypomethylating agents.50,51 A single institution prospective
clinical trial showed a 100% response rate (n = 21; with only 19%
CR, n = 4) with a 10-day decitabine regimen for TP53-mutated
MDS and AML, although these responses were not durable.52

However, in larger studies, patients with TP53 mutated disease
treatedwith decitabinehad similar rates of responses to thosewith
wild-type TP53.53 Furthermore, a 5-day regimen of decitabine
seems to have similar survival rates when compared with a 10-day
regimen.54 Although the VIALE-A trial has established azacitidine-
venetoclax as the standardof care for older and/or unfit adults with
newly diagnosed AML,55 emerging evidence is casting doubt
whether patients with TP53 mutations benefit from this combi-
nation.56 For example, in a pooled analysis including patients from
the VIALE-A trial and a prior nonrandomized, single-arm phase 1b
clinical trial,57 patients with AML harboring poor-risk cytogenetics
with TP53 mutations, the combination of azacitidine and ven-
etoclax was associated with higher rates of remission but not the
duration of response or OS compared with azacitidine alone.56

Interestingly, the combination of venetoclax with low-dose cytar-
abine did not result in increased rates of remission for TP53
mutated AML.58 Therefore, those patients should be strongly
considered for innovative clinical trials. In some analyses, MDS
patients withmonoallelicTP53mutationsdid not vary in outcomes
or disease responsiveness to therapy compared with patients with
TP53 wild-type disease.43 Nevertheless, such findings were not
confirmed in other studies in which molecular characteristics were
not significantly associated with survival in mutant TP53 AML and
MDS.59,60

Although MDS-IB2 can now be considered AML-equivalent,
this arbitrary cutoff of 10% carries the risk of overtreatment.
The combination of azacitidine or decitabine with venetoclax
demonstrated synergy and superior clinical activity compared
with the single hypomethylating agent for treating AML in
elderly patients or those ineligible to receive intensive chemo-
therapy.55,57,61 In the TP53-mutated molecular subgroup anal-
ysis, the combination had higher rates of composite CR than the
single-agent treatment.55 However, in a phase 1b study
(NCT02942290) evaluating azacitidine in combination with
venetoclax for patients with higher-risk MDS, venetoclax was
originally administered for 28 days in each cycle, similar to the
treatment of AML, but treatment intolerance led to amend
dosing for 14 days per treatment cycle. This 14-day shortened
regimen of venetoclax therapy is being tested in phase 3 clinical
trial, comparing azacitidine single-agent with the combination
of azacitidine and venetoclax for the treatment of patients with
newly diagnosed higher-risk MDS (NCT04401748). In addition,
in an international open-label randomized phase 3 trial, older,
fit patients (age ≥60 years and eligible for intensive chemo-
therapy; ECOG performance status, 0-2), when compared with
intensive chemotherapy + cytarabine and daunorubicin,
10 days of decitabine resulted in a similar OS (HR = 1.04; 95%
CI, 0.86-1.26; two-sided P = .68) and allo-HCT rates with a
better safety profile.62 Although patients with ~10% to 19%
blasts now are included in ELN & ICC 2022 as having
MDS/AML, randomized studies of azacitidine-venetoclax com-
binations have only been reported for patients with AML and
20% or higher blast count. Until we have results from the
VERONA clinical trial (NCT04401748) for patients with
2818 8 JUNE 2023 | VOLUME 141, NUMBER 23
MDS/AML (or patients with higher-risk MDS in general) with less
than 20% blasts, the use of venetoclax should not currently be
routinely recommended but can be considered on a case-by-
case basis, especially for younger patients, as a bridge to
transplantation.

Multiple clinical trials are ongoing for patients with TP53-mutated
myeloid malignancies. Although appearing promising in early tri-
als,63,64 a recent phase 3 trial of eprenetapopt (APR-246) + azaci-
tidine vs azacitidine alone in patients with TP53-mutated MDS
failed to meet the primary end point. Magrolimab, an anti-CD47
immunoglobulin G4 monoclonal antibody that activates T-cell–
mediated cytotoxicity and antibody-dependent cellular phagocy-
tosis by blocking CD47/SIRP signaling pathway, has also shown
promising ratesof remission (13of 22; 59%) in early single-arm trials,
combined with azacitidine for TP53-mutated AML.65 After allo-
HCT, the main cause of mortality in individuals with TP53 muta-
tions is an early disease recurrence. In a phase 2, single-arm,
multicenter, open-label clinical trial, eprenetapopt (APR-246), a
small molecule p53 activator, combined with azacitidine as main-
tenance therapy after allo-HCT in patients with mutated TP53 AML
or MDS, showed a median OS of 20.6 months (95% CI, 14.2 to not
estimable) and a 1-year OS probability was 78.8% (95% CI, 60.6-
89.3).66

Case 2 summary points
1. Intensive chemotherapy for TP53-mutated MDS/AML has

generally resulted in inferior outcomes, and alternative
therapeutic strategies (hypomethylating agent based)
should be considered even for fit patients.

2. Given the dire outcomes with standard of care therapy, the
most appropriate treatment recommendation for a patient
with TP53-mutated MDS/AML is enrollment in a clinical trial.

Case 3
A 27-year-old woman with de novo AML was found to have
monosomy 7 in the conventional karyotype, and ASXL1, KRAS,
NRAS, and SETBP1 mutations were detected using a limited
NGS panel. Upon performing diagnostic flow cytometry, it was
noted that monocytes and natural killer cells were absent, which
confirmed the diagnosis of AML. The patient underwent
intensive induction chemotherapy. She achieved CR and then
received 1 cycle of consolidation with intermediate-dose
cytarabine consecutively on days 1, 2, and 3. A repeat bone
marrow biopsy and aspiration confirmed continued remission
with persistence of MRD, shown via MFC and NGS, and the
patient was referred to our center. Upon further investigation,
our patient had a history of recurrent infections with non-
tuberculosis mycobacteria, recurrent genital and extragenital
human papillomavirus infections, and unprovoked venous
thromboembolism during adolescence. A skin biopsy was per-
formed and cultured fibroblasts were sequenced to evaluate
germ line DNA, which showed a deleterious germ line GATA2
mutation (not included in the original NGS panel performed at
the local hospital), commonly associated with pediatric and
young adult patients with myeloid neoplasms and acquired
monosomy 7.67 As the matched sibling was also found to carry
the same GATA2 germ line mutation, he was not selected as a
donor. She then underwent allo-HCT with a MAC from a
matched unrelated donor. One hundred days after allo-HCT,
bone marrow examination showed CR by cytomorphology;
EL CHAER et al
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however, persistent MRD was detected via MFC. An early
immunosuppressive therapy taper was started. Her clinical
course was complicated by gastrointestinal GVHD, from which
she recovered with therapy. Two years after allo-HCT, the
patient remained in CR.

GATA2-related malignancies often appear in adolescence or
early adulthood. GATA2 germ line mutations are responsible
for ~7% of juvenile cases of childhood MDS and 15% of
instances of childhood MDS with increased blasts.67 In adult
patients, the incidence is lower. In a study of 586 adult indi-
viduals with MDS, the incidence of germ line GATA2 mutations
was 0.5%.67 Importantly, advanced MDS and monosomy 7 are
significantly overrepresented in GATA2-related MDS.67,68

Patients with genetically defined hereditary myeloid malig-
nancy syndromes (HMMSs) constitute an increasingly recog-
nized group that warrants further evaluation. A comprehensive
practical outline was published focusing on diagnosing and
managing HMMSs in clinical care.69 The latest ELN recom-
mendations advocate for screening for a germ line predisposi-
tion for HMMSs regardless of the age at diagnosis of the
hematologic malignancy.5 In all cases, a comprehensive family
and personal medical history should always be obtained
because they provide clues for further germ line testing.

Furthermore, as in our patient’s case, 1 of us administered
intermediate-dose cytarabine via a timed pump facilitated by
home health, rather than high-dose cytarabine for AML
consolidation, from days 1 to 3 instead of on alternate days,
because that hastens blood count recovery, decreases toxicity,
and potentially reduces health care cost.70-72 Admittedly, the
intermediate-dose cytarabine approach is not supported by
randomized prospective clinical trials, and patients with
favorable-risk AML might still benefit from high-dose cytarabine
consolidation after standard 7 + 3 induction therapy.73

Case 3 summary points
1. Recognition and identification of myeloid neoplasms asso-

ciated with germ line predisposition from a tissue source
that is unlikely to undergo somatic mutation frequently
(ie, cultured skin fibroblast) is imperative.

2. Germ line variations often have a VAF of ~50% if hetero-
zygous, or ~100% if homozygous. However, the VAF must
be interpreted in relation to germ line mosaicism, loss of
heterozygosity, copy number variations in tumor cells,
insertions/deletions, structural rearrangements, and
sequencing artifacts, including statistical fluctuation, which
is especially important for shallow sequencing depths.

3. Refrain from using family donors for patients with HMMSs,
unless the donor is confirmed to not carry the pathogenic
variant.

Case 4
A 77-year-old woman with a history of diabetes mellitus type 2,
hypertension, and stage 3 chronic kidney diseases presented
with hyperleukocytosis, a white blood cell count of 54 × 103/μL,
and a uric acid level of 12 mg/dL. She was diagnosed with AML
with a normal karyotype and IDH1 and FLT3-ITD mutations.
Hydroxyurea was started in conjunction with uric acid–lowering
medication. After the white blood cell count was < 25 ×103/μL,
chemotherapy with a combination of azacitidine and venetoclax
UPDATED AML CLASSIFICATIONS AND GUIDELINES
was initiated. On day 21 of the first cycle, a bone marrow biopsy
and aspiration showed disease in CR without MRD (CRMRD–).
She received 12 additional cycles of azacitidine and venetoclax,
after which a repeat bone marrow biopsy and aspiration
revealed relapsed disease with IDH1 and FLT3-ITD mutations.
Because she was not a candidate for a clinical trial, gilteritinib
was started, and after 3 months the disease persisted. Ivosi-
denib was then initiated. Three months after this therapy, her
disease remained uncontrolled; she then succumbed to AML
after transitioning to hospice care.

The treatment of individuals deemed unsuitable for intensive
chemotherapy has made significant progress. Particularly, the
addition of venetoclax to azacitidine improved the rates of
composite CR (66.4% vs 28.3%; P < .001) and the median OS
(14.7 months; 95% CI, 11.9-18.7) in the azacitidine-venetoclax
group and 9.6 months (95% CI, 7.4-12.7) in the control group
P < .001).55 Based on the results of a phase 2 study,61 azaciti-
dine could be substituted with decitabine, although the latter
has not yet been evaluated in a randomized controlled trial.
Low-dose cytarabine combined with venetoclax is an alternative
therapy for individuals unable to receive a hypomethylating
drug.58 With the use of a hypomethylating agent combination
with venetoclax, response assessment should be conducted
early during the first cycle, usually between days 14 and 21,
owing to the high rates of early responses [the median time to
first response in the VIALE-A clinical trial was 1.3 months (range,
0.6-9.9)].55 This will allow the delay or dose modification of
subsequent cycles. Because the combination of a hypo-
methylating agent and venetoclax is a mutation-agnostic
treatment approach, patients with AML and additional target-
able mutations could be offered other alternatives. In the AGILE
randomized, placebo-controlled, phase 3 trial, the combination
of ivosidenib and azacitidine showed a significant OS survival
benefit compared with azacitidine monotherapy but was not
compared with the combination of azacitidine + venetoclax.74

Pooled subgroup analysis of patients with IDH1/2-mutant AML
who did not receive any treatmnent, which included patients
from the phase 3 VIALE-A study and the single-arm phase 1b
study treated with azacitidine with or without venetoclax,57

showed high response rates (79% composite CR), prolonged
duration of remission (29.5 months), and improved median OS
(24.5 months).75 IDH1/2 mutations were detected in 81 of 308
(26%) in the venetoclax + azacitidine groups (among those, 33
patients had an IDH1 mutation, and 41 had an IDH2 mutation)
and 28 of 127 (22%) in the azacitidine group (among those, 11
patients had an IDH1 mutation, and 18 had an IDH2 mutation).
Only a small number of patients had a comutation with FLT3
(n = 14/81), among whom the median OS was inferior to that of
the FLT3 wild-type group. More recently, in a phase 3 open-
label randomized clinical trial, the combination of gilteritinib
with azacitidine compared with monotherapy azacitidine did
not improve the OS of patients with FLT3-mutated AML, unfit
for intensive chemotherapy.76

The current classification of AML does not address the risk
stratification of patients treated with a combination of hypo-
methylating agents and venetoclax. Patients with AML
harboring mutations involving genes such as IDH1/2, FLT3
(particularly FLT3-TKD), and NPM1 have relatively favorable
outcomes when treated with a hypomethylating agent and
8 JUNE 2023 | VOLUME 141, NUMBER 23 2819
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venetoclax. The role of MRD testing in patients treated with
this combination has not been fully defined. It is possible that
this could play an important role in decisions regarding
treatment simplification, augmentation, or discontinuation.
Moreover, triplet therapies (the addition of a third agent to the
backbone of a hypomethylating agent and venetoclax) are
currently being tested in a multitude of clinical trials; however,
dose interruptions are frequently needed to mitigate myelo-
suppression.77,78 In addition, in the future, oral alternatives to
IV hypomethylating agents will be combined with targeted
therapy as they have shown equivalent area-under-the-curve
with similar safety profiles and preliminary clinical activity.79

Furthermore, clinical outcomes with a hypomethylating
agent, whether azacitidine or decitabine, seem comparable
and could potentially be used interchangeably.80 Lastly, the
ELN risk groups, which are based on fit/younger patients with
AML receiving intensive chemotherapy, are not prognostic in
patients receiving lower-intensity–based chemotherapy, such
as low-dose cytarabine- or hypomethylating agents–based
combinations with venetoclax.81 In an exploratory post hoc
analysis of pooled treatment-naïve, intensive chemotherapy-
ineligible patients treated with azacitidine and venetoclax,
the median OS survivals were similar for patients with favor-
able- and intermediate-risk AML, based on the ELN 2017
classification criteria.81 Furthermore, 2 distinct subgroups in
the adverse-risk AML subtypes (those with a TP53 and RUNX1
mutations) had shorter median OS when compared with the
rest of the patients having adverse-risk AML (5.42 months vs
22.9 months, respectively).81 Therefore, a modified risk strat-
ification system is needed for patients treated with lower-
intensity therapies.

Case 4 summary points
1. Azacitidine could be substituted with decitabine, although

the latter has not yet been evaluated in a randomized
clinical trial. Low-dose cytarabine combined with venetoclax
is an approved alternative therapy.

2. A modified risk stratification system is needed for patients
with AML treated with lower-intensity therapies, and the
role of MRD testing remains to be established.

3. Because of the high rates of early responses to venetoclax in
combination with hypomethylating agents and the need to
delay or modify dosing in the setting of persistent cytope-
nias in a leukemia-free marrow, the response to such ther-
apy should be evaluated early during the first cycle, usually
between days 14 and 21.

4. An increasingly popular clinical trial design for chemotherapy-
ineligible patients involves evaluating triplet treatments,
which require the study of a third drug added to the backbone
of a hypomethylating agent and venetoclax.

Conclusions
To date, the classification of AML and hematologic malig-
nancies has generally relied on experts in the field who meet
every couple of years to produce consensus recommendations
based on their interpretation of the best available evidence. As
lower-intensity therapies are increasingly used for the treatment
of AML, a dedicated risk stratification system is urgently
needed. An increasingly scientific approach to genetic evalua-
tion, both at diagnosis (for prognostication, treatment
2820 8 JUNE 2023 | VOLUME 141, NUMBER 23
assignment-based predictive biomarkers for specific therapies,
and homogenous interpretable clinical trials) and after treat-
ment (for prognostication, treatment assignment, and person-
alization of therapy based on the risk of relapse) is positively
influencing diagnostic classifications and clinical guidelines. In
the future, hematologic neoplasm classification and clinical
treatment guideline revisions will increasingly focus on
improving prognostication and guiding personalized precision
therapies. Experts in the field have called for the establishment
of an international working group to encourage this coopera-
tion and the unification of such classifications.82,83 Ultimately,
we need substantially better treatment options for all AML
patients, with the hope that a new era of precision medicine will
facilitate discovery by separating signals from noise, leading to
new options and approaches for the treatment of patients with
AML.
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