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The 2010 and 2017 editions of the European LeukemiaNet classification, technological progress in genomic

(ELN) recommendations for diagnosis and management of
acute myeloid leukemia (AML) in adults are widely
recognized among physicians and investigators. There
have been major advances in our understanding of
AML, including new knowledge about the molecular
pathogenesis of AML, leading to an update of the disease

diagnostics and assessment of measurable residual
disease, and the successful development of new
therapeutic agents, such as FLT3, IDH1, IDH2, and BCL2
inhibitors. These advances have prompted this update that
includes a revised ELN genetic risk classification, revised
response criteria, and treatment recommendations.

Introduction

Since the 2017 report from the European LeukemiaNet (ELN),!
there has been substantial progress in our knowledge of acute
myeloid leukemia (AML). Recent advances significantly influence
clinical practice. These advances include insights into the clinical
value of genomic abnormalities for diagnosis and prognosis, the
clinical significance of inherited predisposition to AML, techno-
logical advancements in the quantitative assessment of measur-
able residual disease (MRD) and their utility for assessing
therapeutic response and disease risk, the development of a
range of novel therapeutic agents, and developments in alloge-
neic hematopoietic cell transplantation (HCT), resulting in new
disease classification,? diagnostic and prognostic algorithms,
and updated therapeutic practices. The current report highlights
these advances and updates their implications for the standard
of care and for clinical trials in AML.

Methods

The panel included international members with recognized
clinical and research expertise in AML. Literature and relevant
abstract review, categorization of evidence, and arrival at con-
sensus recommendations were developed as previously
reported.’? For diagnosis and management of acute promy-
elocytic leukemia (APL), readers are referred to the respective
recommendations.*

AML classification

Molecular landscape

Somatic mutations drive the development of AML. Although the
epigenetic state of leukemia cells, the bone marrow microenvi-
ronment, the health of normal hematopoietic cells, and other
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features are important for leukemia biology, somatic mutations
can be assessed readily with current techniques. Leukemia
develops from the serial acquisition of somatic mutations in
hematopoietic stem and progenitor cells with the capacity to
self-renew and propagate the neoplastic clone.>¢ Initiating
mutations may lead to an expanded clone of cells that is appar-
ent in the peripheral blood, termed clonal hematopoiesis, a
common pre-malignant state that increases in prevalence with
age.” Although some mutations, such as those in DNMT3A,
TETZ2, and ASXL1, are more common in clonal hematopoiesis
and appear to be relatively early events in leukemogenesis,
others tend to be acquired later in the course of leukemia devel-
opment, including mutations in FLT3, NRAS, and RUNXT. The
combinations of mutations that ultimately drive leukemogenesis
are influenced by biological cooperativity and mutual exclusivity
between mutated genes.

General classification

The International Consensus Classification of AML*® that
updated the prior revised fourth edition World Health Organiza-
tion (WHO) classification of AML? introduced changes in the
blast thresholds and new genetic entities to define AML, further
expanding the spectrum of classification identified by cytoge-
netic and mutational profiles (Table 1). Because of their overrid-
ing impact on disease phenotype and disease outcome, genetic
aberrations are given priority in defining AML disease classifica-
tion, with additional predisposing features (therapy-related, prior
myelodysplastic syndrome [MDS] or MDS/myeloproliferative
neoplasm [MPN], germline predisposition) appended as quali-
fiers of the primary diagnosis. A summary of the hierarchical
classification is depicted in Figure 1.

Changes to the blast thresholds defining AML

All recurrent genetic abnormalities (Table 1) that define specific
subtypes of AML, with the exception of AML with
1(9;22)(934.1;911.2)/BCR::ABL1, are now considered to establish
a diagnosis of AML if there are =10% blasts in the bone marrow
or blood. The clinical behavior of myeloid neoplasms with these
rearrangements reflects the specific genetic abnormality, even
for cases presenting with <20% blasts.'®'® This 10% blast
threshold aligns with previously AML-defining abnormalities,
such as PML:RARA, CBFB:MYH11, and RUNXT:RUNX1T1."
To avoid potential overlap with chronic myeloid leukemia in
accelerated phase, AML with BCR:ABLT still requires =20%
blasts.

Although all other AML subtypes require =20% blasts for diag-
nosis, a new category of MDS/AML has been introduced in
association with defined genomic abnormalities to include cases
with 10% to 19% blasts in the bone marrow or blood to recog-
nize the fact that these cases lie on the border between AML
and MDS in terms of their biology and prognosis (Table 1).2°%
Patients diagnosed with MDS/AML should be eligible for either
MDS or AML clinical trials and treatment approaches.

Antecedent AML history

An important change to the classification is the removal of the
former categories AML with myelodysplasia-related changes
(AML-MRC) and therapy-related myeloid neoplasms. Recent
data indicate that genetic characteristics, rather than clinical his-
tory (de novo, secondary after an antecedent MDS or MDS/
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MPN, or therapy-related), have most relevance in classifying bio-
logically distinct AML subgroups.®? Dysplastic morphology,
currently used as a criterion for AML-MRC, lacks independent
prognostic significance.’?° Thus, although a prior history of
MDS or MDS/MPN and prior exposure to therapy are still impor-
tant features to note in the diagnosis, they are now applied as
diagnostic qualifiers to the AML-defining category (Table 1;
Figure 1).

AML with recurrent genetic abnormalities

This category has been expanded to include additional variant
translocations involving RARA, KMT2A, and MECOM, as well as
other rare recurring translocations, which are now recognized as
AML-defining entities (Table 1)."*%°3" Recent studies show that
in-frame mutations affecting the basic leucine zipper (bZIP)
region of CEBPA confer a favorable outcome, irrespective of
their occurrence as biallelic or monoallelic mutations.3>=*
In-frame bZIP variants are found in 90% and 35% of cases with
biallelic and monoallelic CEBPA mutations, respectively. Gene
expression analyses support a distinct biology associated with
CEBPA bZIP mutation in AML. Accordingly, this AML subtype
has been redefined to only require an in-frame bZIP CEBPA
mutation for classification rather than the previous requirement
for biallelic CEBPA abnormalities.

AML with mutated TP53, AML with
myelodysplasia-related gene mutations, and

AML with myelodysplasia-related cytogenetic
abnormalities

Accumulating evidence indicates that from both a clinical and
molecular perspective, TP53-mutant AML and MDS represent a
distinct disease entity. The vast majority of TP53-mutant cases
have complex karyotypes, and in about half, TP53 mutations
occur in the absence of other AML-associated gene mutations.
Clinically, these myeloid neoplasms are associated with a very
poor prognosis.®*¢*"! The presence of a pathogenic TP53 muta-
tion (at a variant allele fraction of at least 10%, with or without
loss of the wild-type TP53 allele) defines the new entity AML
with mutated TP53.

Cases lacking TP53 mutation, but with mutations in ASXLT,
BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAGZ2, U2AF1, and/or
ZRSR2, are categorized as AML with myelodysplasia-related
gene mutations, irrespective of any prior history of MDS. These
mutations are highly associated with AML following prior MDS
or MDS/MPN and confer an adverse prognosis even if they
occur in de novo AML.4%¢4245 AML with myelodysplasia-related
gene mutations encompasses the prior provisional category of
AML with mutated RUNXT.

The new category AML with myelodysplasia-related cytogenetic
abnormalities now includes cases previously classified as AML-
MRC due to the presence of myelodysplasia-associated cytoge-
netic findings, but lacking TP53 or myelodysplasia-related gene
mutations.*®

Of note, the classification is hierarchical (Figure 1); ie, “AML with
mutated TP53" takes precendence over "“AML with
myelodysplasia-related gene mutations,” and the latter su-
percedes “AML with myelodysplasia-related cytogenetic
abnormalities.”
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>10% myeloid blasts or blast equivalents in the bone marrow or blood®

Complex karyotype and/or
del(59)/t(59)/add(5q),
—7/del(7q), +8, del(12p)/

Mutated ASXLT,

AML-defining BCOR, EZH2, RUNX1, No

No . AML not otherwise
recurrent genetic ——»

Mutated TP53  No |

“bnormalities’ VAF >10% SF3B1, SRSF2, STAG2, t(12p)/add(12p), i(17q), specified
U2AF1, and/or ZRSR2 —-17/add(17p)/del(17p),
del(20q), or idic(X)(q13)
10-19% | >20% 10-19% | >20% 10-19% | >20% 10-19% | >20%
blasts | blasts blasts | blasts blasts | blasts blasts | blasts

MDS/AML with
myelodysplasia-related
cytogenetic abnormality

MDS/AML with
myelodysplasia-related
gene mutation

MDS/AML not
otherwise specified

MDS/AML with
mutated TP53

v

AML with
recurrent genetic
abnormality®

AML with
myelodysplasia-
related cytogenetic
abnormality

AML with
myelodysplasia-related
gene mutation

AML not
otherwise specified

AML with
mutated TP53

Diagnostic qualifiers appended to any of the above diagnoses®

I
v v v
Prior MDS or
MDS/MPN

Germline

Therapy-related predisposition®

Figure 1. Hierarchical classification of the International Consensus Classification of AML. The classification is hierarchical (ie, AML with recurrent genetic
abnormalities takes precedence over all other categories); among the remaining categories, AML with mutated TP53 supersedes AML with myelodysplasia-related gene
mutations, and the latter supersedes AML with myelodysplasia-related cytogenetic abnormalities. *Myeloblasts, monoblasts, and megakaryoblasts are included in the
blast count. Monoblasts and promonocytes, but not abnormal monocytes, are counted as blast equivalents in AML with monocytic or myelomonocytic differentiation,
and promyelocytes in the setting of PML::RARA or variant RARA rearrangement. Cases with prior diagnosis of MPN are excluded and are classified as accelerated
(10%-19% blasts) or blast phase (=20% blasts) MPN. For patients who already have a history of MDS/MPN (eg, CMML), the diagnosis of MDS/MPN should be retained
until there are =20% blasts/blast equivalents; however, once an AML-defining recurrent genetic abnormality (eg, KMT2A rearrangement or NPM1 mutation) is detected
and the blast count is =10%, AML-type therapy is recommended. bAML—deﬁning recurrent genetic abnormalities are t(15;17)(q24.1;921.2)/PML::RARA; 1(8;21)(922;22.1)/
RUNXT:RUNXITT; inv(16)(p13.1622) or t(16;16)(p13.1;q22)/CBFB:MYH11; 1(9;11)(p21.3:923.3)/MLLT3:KMT2A; t(6:9)(p22.3:934.1)/DEK:NUP214; inv(3)(q21.3026.2) or
1(3;3)(021.3;926.2)/ GATA2, MECOM(EVIT); mutated NPMT; in-frame bZIP mutated CEBPA; 1(9;22)(q34.1;,q11.2)/BCR::ABLT; other recurrent rearrangements involving RARA,
KMT2A, MECOM, and other rare rearrangements as listed in Table 1. The entity is named with the specific genetic abnormality. Cases with BCR::ABL1 rearrangement and
10% to 19% blasts are classified as CML in accelerated phase, and cases with history of CML and =20% blasts are classified as CML in myeloid blast phase. “Examples how
to append diagnostic qualifiers: AML with myelodysplasia-related cytogenetic abnormality, therapy-related; AML with myelodysplasia-related gene mutation, prior myelodys-
plastic syndrome; AML with myelodysplasia-related gene mutation, germline RUNX1 mutation (ie, gene or syndrome should be specified).

The remaining AML cases are categorized as “"AML, not other-
wise specified” (irrespective of the presence or absence of muilti-
lineage dysplasia). The 4 categories described above are
designated as AML/MDS if the bone marrow or blood blast
count is 10% to 19% and as AML with =20% blasts (Table 1;
Figure 1). Cases that have both a specific AML-defining
recurrent genetic abnormality and TP53 mutation and/or
myelodysplasia-related gene mutations or cytogenetics
should be classified according to the defined recurrent
genetic abnormality. Although complex karyotypes and cer-
tain co-mutation profiles confer adverse prognosis to some
genetic AML subtypes, these are captured in the prognostic
stratification scheme and do not affect their primary diag-
nostic classification.

Therapy-related AML

Currently comprising 10% to 15% of all newly diagnosed AML,
the incidence of cases showing relatedness to previous therapy
for another disease continues to rise due in part to increasing
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numbers of cancer survivors at risk.”’ As mentioned above,
“therapy-related AML" is no longer considered a disease entity,
but the term "therapy-related” is now used as a diagnostic qual-
ifier to the disease entities that are primarily defined by their
genetic profile.

These neoplasms have been thought to be the direct conse-
quence of mutational events induced by cytotoxic therapy and/
or selection of chemotherapy-resistant clones.***° In general,
these AMLs are associated with adverse genetic lesions, and
more than 90% show an abnormal karyotype.’'*? The more
common subtype, seen in ~75% of cases, typically presents 5 to
7 years after first exposure to alkylating agents or radiation, is
often preceded by MDS, and is frequently accompanied by
chromosome 5 and/or 7 abnormalities, complex karyotype, and
TP53 mutations.*®49°2%3 Some individuals develop AML after
treatment with topoisomerase Il inhibitors, with breakage at
topoisomerase |l sites leading to abnormal recombination and
balanced translocations involving KMT2A at 11923.3, RUNXT at
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Table 1. AML and related neoplasms and acute leukemias of ambiguous lineage

AML and related neoplams

AML with recurrent genetic abnormalities (requiring 210% blasts in BM or PB)*

o APL with t(15;17)(q24.1;921.2)/PML::RARAT

AML with 1(8;21)(922;922.1)/RUNX1::RUNX1T1

AML with inv(16)(p13.1922) or (16;16)(p13.1;q22)/CBFB::MYH11

AML with (9;11)(p21.3;923.3)/MLLT3::KMT2A%

AML with t(6;9)(p22.3;934.1)/DEK::NUP214

AML with inv(3)(921.3926.2) or t(3;3)(q21.3;926.2)/GATA2, MECOM(EVI1)§
AML with other rare recurring translocationsl|

AML with mutated NPM1

AML with in-frame bZIP mutated CEBPAY

AML with 1(9;22)(g34.1;911.2)/BCR::ABLT*

Categories designated AML (if 220% blasts in BM or PB) or MDS/AML
(if 10-19% blasts in BM or PB)

o AML with mutated TP53#

o AML with myelodysplasia-related gene mutations
Defined by mutations in ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2,
U2AF1, and/or ZRSR2

o AML with myelodysplasia-related cytogenetic abnormalities**

o AML not otherwise specified

Myeloid sarcoma

Acute leukemia of ambiguous lineage

Acute undifferentiated leukemia

MPAL with t(9;22)(q34.1;911.2)/BCR::ABL1

MPAL with t(v;11923.3)/KMT2A-rearranged
MPAL, B/myeloid, not otherwise specified

MPAL, T/myeloid, not otherwise specified

® & & o o o o o o
e o o o o

Myeloid proliferations related to Down syndrome

e Transient abnormal myelopoiesis associated with
Down syndrome
o Myeloid leukemia associated with Down syndrome

Blastic plasmacytoid dendritic cell neoplasm

Diagnostic qualifierstt

Therapy-relatedtt

e Prior chemotherapy, radiotherapy, immune interventions

Progressed from MDS

e MDS should be confirmed by standard diagnostics and >3 mo prior to AML diagnosis
Progressed from MDS/MPN (specify type)

o MDS/MPN should be confirmed by standard diagnostics and >3 mo prior to AML diagnosis
Germline predisposition (specify type)

Classification adopted from reference 2. BM, bone marrow; MPAL, mixed phenotype acute leukemia.

*Bone marrow or peripheral blood blast count of = 10% required, except for AML with t(9;22)(q34.1;q11.2)/BCR::ABL1 which requires bone marrow or peripheral blood blast count
of = 20% due to its overlap with progression of chronic myeloid leukemia, BCR::ABL1-positive.

tOther recurring translocations involving RARA should be reported accordingly: eg, APL with t(1;17)(q42.3;921.2)/IRF2BP2::RARA; APL with t(5;17)(q35.1;q21.2)/NPM1::RARA; APL
with (11;17)(q23.2,q21.2)/ZBTB16::RARA; APL with cryptic inv(17) or del(17)(q21.2921.2)/STAT5B::RARA; STAT3::RARA; other genes rarely rearranged with RARA: TBLTXR1 (3¢26.3);
FIP1L1 (4912); BCOR (Xp11.4).

$Other recurring translocations involving KMT2A should be reported accordingly: eg, AML with t(4;11)(q21.3;923.3)/AFF1:KMT2A; AML with 1(6;11)(q27,023.3)/AFDN::KMT2A; AML with
1(10;11)(p12.3,23.3)/MLLT10:KMT2A; AML with £(10;11)(q21.3,23.3)/TET1:KMT2A; AML with t(11;19)(q23.3;013.1)/KMT2A::ELL; AML with t(11;19)(q23.3;p13.3)/KMT2A:MLLT1.

§Other recurring translocations involving MECOM should be reported accordingly: eg, AML with (2;3)(p11~23;q26.2)/ MECOM::?; AML with t(3;8)(q26.2;q24.2)/MYC, MECOM; AML
with 1(3;12)(q26.2;p13.2)/ETV6::MECOM; AML with t(3;21)(q26.2;22.1)/ MECOM::RUNX1.

||Other rare recurring translocations: AML with (1;3)(p36.3;,q21.3)/PRDM16::RPN1; AML (megakaryoblastic) with t(1;22)(p13.3;,q13.1)/RBM15::MRTFA; AML with (3;5)(q25.3;935.1)/
NPM1:MLF1; AML with (5;11)(935.2;p15.4)/NUP98:NSD1; AML with (7;12)(q36.3;p13.2/ETV6:MNXT; AML  with  (8;16)(p11.2;013.3)/KAT6A::CREBBP; AML  with
1(10;11)(p12.3;q14.2)/PICALM::MLLT10; AML with t(11;12)(p15.4;p13.3)/NUP98::KMD5A; AML with NUP98 and other partners; AML with t(16;21)(p11.2;q22.2)/FUS::ERG; AML with
1(16;21)(q24.3;922.1)/RUNX1::CBFA2T3; AML with inv(16)(p13.3q24.3)/CBFA2T3::GLIS2.

JAML with in-frame mutation in the bZIP domain of the CEBPA gene, either monoallelic or biallelic.
#The presence of a pathogenic somatic TP53 mutation (at a variant allele fraction of at least 10%, with or without loss of the wild-type TP53 allele) defines the entity AML with mutated TP53.

**Cytogenetic abnormalities sufficient for the diagnosis of AML with MDS-related cytogenetic abnormalities and the absence of other AML-defining disease categories. Complex
karyotype: =3 unrelated chromosome abnormalities in the absence of other class-defining recurring genetic abnormalities; excludes hyperdiploid karyotypes with three or more
trisomies (or polysomies) without structural abnormalities. Unbalanced clonal abnormalities: del(5q)/t(5q)/add(5q); —7/del(7q); +8; del(12p)/t(12p)/(add)(12p); i(17q), —17/add(17p) or
del(17p); del(20q); and/or idic(X)(q13).

ttExamples: AML with myelodysplasia-related cytogenetic abnormality, therapy-related; AML with myelodysplasia-related gene mutation, prior myelodysplastic syndrome; AML with
myelodysplasia-related gene mutation, germline RUNX1 mutation.

$1Prior therapy for nonmyeloid neoplasms.

21922.1, or RARA at 17g21.2. In these cases, the latency period is
shorter, often it is only 1 to 3 years, and antecedent MDS s rare.

Another pathogenetic pathway is represented by cases with a
preexisting myeloid clone that is resistant to chemotherapy.®
Clonal hematopoiesis of indeterminate potential may be the first
step in a multi-hit model.>*>* Cases were identified in which the
exact TP53 mutation found at diagnosis was already present at
low frequency in blood or bone marrow many years before
AML development.®® These data suggest a model in which
hematopoietic stem cells carrying mutations in TP53 or PPM1D
undergo positive selection by cytotoxic therapy, ultimately lead-
ing to AML.***” Mutations in the RAS/MAPK pathway, altera-
tions in RUNXT or TP53, and KMT2A rearrangements are also
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frequent somatic drivers in pediatric AML related to previous
therapy, but unlike in adults, most cases appear to represent
independent clones arising as a consequence of cytotoxic ther-
apy and not preexisting minor clones.*

Deleterious mutations typical of familial cancer predisposi-
tion syndromes in the homologous recombination DNA
repair pathway, particularly BRCA1, BRCA2, PALB2, TP53, or
CHEK2, are observed in ~20% of cases.*®>? The identifica-
tion of such preexisting conditions facilitates screening and
counseling of patients prior to treatment of their primary dis-
ease, family donor selection for allogeneic HCT, cancer/
organ surveillance strategies, and cascade testing within
families.®°
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Germline predisposition

Increasingly, individuals are being recognized as having an
inherited germline predisposition to hematopoietic malignancies
(Table 2).6%? Recognition of such hereditary predispositions
impacts patient management, especially if there is consideration
for an allogeneic HCT and health surveillance strategies for the
patient and relatives who share the causative variant. Clinical
testing for these syndromes is difficult for most clinicians given
their relative lack of experience regarding these conditions,
requirement for obtaining germline DNA for testing (Table 3),
and a lack of standardization in the field regarding which
patients and which genes should be tested.®®

Germline predisposition risk should be considered for all
patients diagnosed with a hematopoietic malignancy regardless
of age, because some germline predisposition alleles, like those
in DDX41, can drive hematopoietic malignancies in older
age.*®> When identified, germline predisposing disorders
should be applied as diagnostic qualifiers to the specific AML
disease category. Key features of the clinical presentation that
should prompt consideration of germline testing are given in
Table 3. Clinicians should familiarize themselves with academic
and commercial testing options, including the culture and
sequencing of skin fibroblasts, thereby excluding somatic muta-
tions in hematopoietic cells, and the panel of genes to be ana-
lyzed (Table 2).°* Germline variants are categorized as
pathogenic, likely pathogenic, variant of uncertain significance,
likely benign, or benign; only pathogenic and likely pathogenic
variants are considered causative of disease and are followed
clinically in families. However, gene variant classification can
change over time as additional information regarding gene/
allele function and/or segregation data from families becomes
available, and variants of uncertain significance in particular are
often reclassified as likely pathogenic or pathogenic.

Certain germline disorders are associated with specific charac-
teristics that are important for clinicians to recognize (Table 2),
those associated with quantitative and qualitative platelet
defects: ANKRD26, ETV6, and RUNX1, and those associated
with other organ dysfunction: GATA2 with immunodeficiency;
Shwachman Diamond syndrome with exocrine pancreas insuffi-
ciency and skeletal dysplasia; Fanconi anemia with facial dysmor-
phism, squamous cell carcinomas, and liver tumors; and
dyskeratosis congenita with pulmonary fibrosis, liver cirrhosis,
and vascular anomalies; among others. Some disorders are asso-
ciated only with myeloid malignancies (eg, CEBPA), whereas
others confer risk to a variety of hematopoietic malignancies
and solid tumors. The tumor spectrum associated with each dis-
order may expand over time as more individuals and families
are identified. Germline predisposition alleles that confer risk to
lymphoid malignancies are emerging and often overlap with the
myeloid malignancy risk genes.

Because the treatment plan for many patients with AML includes
allogeneic HCT and relatives are the preferred donors, testing
for germline risk alleles should be performed as early as possible
during clinical management. Use of hematopoietic donor stem
cells from carriers of deleterious RUNXT and CEBPA variants is
prohibitive, but we lack data for most predisposition genes and
whether any variants are permissive to transplantation.®® Future
studies that lead to a comprehensive list of all predisposition
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genes will advance our ability to provide the best treatments for
patients and their families and will facilitate strategies to main-
tain health for them throughout their lifetimes.

Diagnostic procedures

All tests necessary to establish the diagnosis, risk classification,
and the other procedures recommended to be performed at
diagnosis are listed in Table 4.

Immunophenotyping

Immunophenotyping by multiparameter flow cytometry (MFC) is
required to diagnose AML accurately by identifying cell surface
and intracellular markers (Table 5). Because of the heterogeneity
of AML, no marker is expressed in all cases. It is also important
to identify leukemia-associated immunophenotypes (LAIP) for
subsequent MRD monitoring by MFC. In cases where an
aspirate is unobtainable and circulating blasts are absent,
myeloid phenotype may be confirmed on a core biopsy
using immunohistochemistry.

Cytogenetic and molecular studies

Conventional cytogenetic analysis is mandatory in the evaluation
of AML. If conventional cytogenetics fails, fluorescence in situ
hybridization is an alternative to detect specific abnormalities
like RUNXT:RUNXI1T1, CBFB:MYH11, KMT2A (MLL), and
MECOM (EVI1) gene fusions, or myelodysplasia-related chromo-
some abnormalities, eg, loss of chromosome 5qg, 7q, or 17p
material (Table 1).

Molecular genetic testing should screen for all the genetic
abnormalities that define disease and risk categories or that are
needed for targeted treatment modalities (Table 4). These tests
can be performed by commercially available gene panel diag-
nostics or platforms simultaneously testing for mutations and
rearrangements. When AML with germline predisposition is sus-
pected, a dedicated gene panel including known predisposing
alleles should be used. However, caution should be used in
interpreting data from tumor-based panels, because hematopoi-
etic tissues undergo somatic reversion frequently leading to
false-negative results, and panel-based testing is often not able
to detect germline copy number variants, which are relatively
common predisposition alleles.

For patients with mutant NPM1 and core-binding factor (CBF)-
AML, it is recommended to perform baseline molecular assess-
ment by quantitative polymerase chain reaction (qPCR) or
droplet digital PCR (dPCR) to facilitate MRD monitoring after
treatment.

Biobanking

At least in clinical studies, but preferably also outside this con-
text, bone marrow and blood samples should be obtained at
time of diagnosis, at remission, and at relapse and stored under
appropriate conditions (DNA and RNA stored at —80°C and via-
ble cells stored at —196°C). Broad informed consent should be
obtained to allow for performance of correlative laboratory stud-
ies. In addition, a sample from healthy tissue should be stored
to enable delineation of germline from somatic mutations.

€ blood” 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 1349

Gz0g 1snbny o} uo uuew|ysH seBipny Aq ypd-298910220ZPIAPOOIA/SSELZEL/SYE L/ZL/0YL APd-8]oie/POoO|q/BI0"suoneolgndyse//:djy woly papeojumog



Downloaded from http://ashpublications.org/blood/article-pdf/140/12/1345/1921355/bloodbld2022016867.pdf by Rudiger Hehimann on 10 August 2025

‘oWl siy} je aunjessll| UOLm__QDQ Byl WOl sesed JO sisquinu paliwl| O enp paweu-os ale sisplosip mwr:mw\_m_&mm

“LIM PUB ‘Z4S¥S '94Hd ‘ZVLYD ‘€174 'LTXSY Ul suoneinw painboe yum Buoje

Ajuowwiod usss ate s|9|je [ XNNY 2dA-pim ayy Ui suonenw dnewos ‘dojansp selwayna| usyp) “sleuiwopaid suoneinw yOog aieym uswdojersp elwayna| o} Joud sissiodolewsy [euopd aaey siusned pareinw-|xNNY duljwisb jo jusosed Auiylt
“a1ep 0} saueubljew plojaAw Yum Ajuo palenosse usaq aaey suoleInw 9zayyNY duljwiab pue !sapueubijew plojpAw < Ty ||92-g 9Sned suoienw 9A 3 auljuusb 'san

-ueuBijew [|99-g < TV ||99-1 < sapueuBijew piojaAw asned suoneInw [ XNNY dUljulaD) siunod 1a|ele|d 1samo| ay) aaey Ajjesausb suoneinw 9zagyyNY auljuiab yum ajdoay Ajiwey swes sy uiyum uaas Aljigeuen sidliousyd moys |je ‘asayy Buowny L

'syuaned 9say) Joj UOISSIWAI 1Sl Ul | DH dlauabo||e 1o} anfie awos ‘Uoseal Syl Jo4 "sulewal uoieInw auljuueb Jiay) 9ouls Y 1uspuadapur Buidojersp Joy ysu 1e aie Adessyiowsyd
yum Ajuo pareany aie pue Ny dojersp oym suoneinw y4dg3gD aulwieb yum sienpiaipul ‘siojeiey| ‘sesdejal ueyy Jayies sTAY Aiewnd juspuadapur aie Aoyl 1eyy BuiseBBns ‘sialued uoneInw-y4g3D ouljuueb ul abiawe-ai 1ey) Y Ul 10Unsip aie
suonenw paiinboe pus- ¢ 959yl pue “JAY JO J3YIBW JBNdSjOW B Se SaAISS UoleINW ydg3D palinboe ayy jo edussaid ay]| "suoneinw paiinboe omy yum asoyl yum paiedwiod uoneinw suljuwisb e yum asoyy 4oy sebuo| aq o1 sieadde [eAinins elwadnaT
"1DH dl1eusbojje aandws-aid sjed0Ape BWOS ‘suoneinw suljuLsB pus S Yum asoyy ur yuswdojenap ejwsna| jo sduensuad ybiy sy jo esnedseg ‘eouesauad JOMO| SABY YDIYM ‘SUOREINW PUS- € dUIjWIaB O} ISeIIU0D Ul '9%00| O} 8S0Jo jo douenauad
e aABY SUOHBINW V/dgTD Pue- § BUI|WISD) "PaqUIsap usaq aney suoleinw auljuush pus- ¢ alel yBnolyje ‘uonenw pus- g ayy A|jeaidAy ‘ajs|je auljuab e se sa|a||e 850y} JO BUO BAeY Y IUBINW-YJgTD dl2|[e-1q Yum siuaned jo 90| Ajerewixoiddy,

1usboyred ‘g oiusBoyred Ajayi| ‘g7 ‘eiwana| ankdoouowoeAw sjiusAnl “JAN ‘9AISSa081 [ewosoINe Yy ‘elwana| onsejqoydwA| sxnoe Iy ‘lueuiwop [ewosoine ‘gy ‘elwsue onsejde vy

sapueubijew syuenen 47/d
eluadoifooquiosyy Buol-a4i plojpAw < v abBuels abe spipp av 9A1TF | 9ALT 01 enp uonisodsipaid suljwieg
sain1es) dlWoIpuAs oN
saljl|ewlouge uonouny 18|a1e|d syueLeA d7/d 9ZAYINY
snouen ‘eluadoifooquiolyy Buoj-ay paquasap 194 10N | pooyp|iyd < ynpy av 9ZAMINY 01 anp uonisodsipaid suljwien
sspueublew
s198j0p 19|e1e|d BANR|END I1e2-g < TIv-L tswueueA g7/d LXNNY
pue ejusdoifooquiolyy Buol-ay < saueubijew ploj@A abues abe apip av TIXNNY 01 anp uonisodsipaid auljuwieg

Jsaopaosip 39j93e|d Bunsixaaid pue uonisodsipaid suljwaab yum swsejdosu piojeA

sadA1 Jown) |esanss 0} uoilsodsipald SOA abuel abe spippy av £Gd1 awoIpuAs luswnel4-

uoneINw
JIjewos e se sapueubijew plojeAw
ul Ajuowwiod sin220 10ds10y HGZSY
uone|ndod |esausb ayy 0} Jejiwis
seipueubljew plojeAw Jo 19su0 Jo 8by
SJolJED UOIeINW S|eWd) UBY} USYO
ajow sapueubijew piojaAw dojansp syueneA d1/d L¥Xad
0} Jeadde siaLued uoneINW BjBN Ao | pooyp|iyd < Ynpy av LrXaa 01 anp uonisodsipaid suljwien

sapueubijew
|euonippe o} a|gndaosns

ale sjenpiAlpul ‘| DH 21eusbojje 1oy
pue ¢ oyl 1e Ajeaidhy +SIUeLeA (7/d V93D

‘uowwiod aJe suoneINw 8|8|e pug paquosep 194 10N abues spIAn av V493D 01 anp uonisodsipaid auljuwiag

uonounysAp uebuo 1o apJosip 39j93e|d Bunsixaaid e noyym uonisodsipaid sulwiab yum swisejdoau ploppApy

saJnjesy |ediuld sJadued Jsyjo }asuo jo wm< aouejIsyu] auweu wEO.‘_—..v—._hm

03 uonisodsipaid

uonisodsipaid suljuiab yim swsejdoau piojpA ‘z sjqel

€ blood” 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 DOHNER et al

1350



Downloaded from http://ashpublications.org/blood/article-pdf/140/12/1345/1921355/bloodbld2022016867.pdf by Rudiger Hehimann on 10 August 2025

‘awin siy} 18 ainjesall| paysiignd 8yl Wolj sased JO SIaqUINU PalWi| 0} anp paweu-os ale siepiosip Buibiow3g

“LLM PUB 'Z4SYS ‘94Hd ‘ZVLYD ‘€17 'LIXSY Ul suonenw paunboe yum Buoje

Aluowwod usss aie sa|je [ XNNY @dA-pim ayr Ul suoieInw dnewos ‘dojersp selwsina| Usyp) sreuiwopaid suoneinw YOO g aioym uswdojersp eiwsyns| 01 Joud sissiodolewsy [euojp aney syusned pareinw-| xNNY duljuusb jo jusdsed Auiyl
"a1ep 01 sapueuBijew plojaAw Yyum Ajuo paieidosse usaq aAey suoleINW 9ZAYMNY uljuieb pue !sapueubijew piojeAw < Ty [|99-g 8Sned suoneInw 9A |3 auljuieb ‘saio

-ueuBijew ||92-g < TV ||92-1 < saloueuBIjew piojaAw asned suoieInW | XNNY duljuiaD) s3unod 19jere|d 1samo| ayy aaey Ajjesausb suoneinw 9zayyNY auljuisb yum ajdoay Ajiwey awes ayy uiyim usae Aljigeuea oidAlousyd moys |je ‘aseyy Buowy)

‘sjuaned 8say) 10} UOISSIWaI ISily Ul | DH d1ouaBo|je Joj anbie awos ‘uoseal Siy) 104 “sulewal uoneInw auljuueb Jiayy asurs A uspuadapur Buidojersp oy ysu 1e aie Adesaylowayd
yum Ajuo pajea ase pue JNy dojersp oym suoneinw y4g3D aulwuiab yum sienpiaipul ‘aiojeuay) sesdejal ueyy Jayies sTAY Aewud juspuadspur aie eyl 1eyy BunseBbns ‘siauued uoneINw-y4gID duljuueb ul abiawe-ai 1Byl Y Ul 1DUnSIp aie
suonenw paiinboe pus- ¢ 8saYL PUB “JNY JO JSXJBW Je[NdBJOW B Se SSAISS UOReINW YdgID paiinboe ays jo eoussaid sy ‘suopeinw paiinboe omy yim asoyr yum paiedwod uopeinw auljwieb e yum asoyy Joy Jobuo| aq o3 sieadde [eainins ejwayne
"LDH 21euabojje aanduwe-aid sjeconpe swos ‘suoneinw auljwieb pue G yum esoyy ul uswdojenrap elwadna| jo souensuad YBly ay) jo esnedsg ‘eoueisuad JEMO| BABY YOIYm ‘SUOKBINW pus- ¢ auljulab 0} 1senuod Ul ‘9%00] O3 80 jo dduenausd
e aABY SUOREINW V/dgTD PUS- G BUI|WISD) ‘PaCUOsSap Usaq aAeY suoneinw auljuisb pue- ¢ alel yénoyie ‘uoneinw pus- G ayi AjjedidAy ‘sjajje auljuuab e se ssja|je 8soyy jo BUO aARY TNV IUEINW-/JFTD d1|[e-Iq yum siuaned jo 90| Ajerewixoiddy,

siusboyred ‘g diusboyred eyl ‘47 ‘eiwana| ankdouowo@Aw a|iusAnl ‘AL ‘@AISSea. [ewosoINe Yy ‘elwayna| onse|qoydwA| axnde 1y ‘ueuiwop [ewosoine ‘gy ‘elwaue snsejde ‘yy

JapIosIp 93l|-aW0IpuUAS UeUOON

Sewo.qljoInau ‘1e| ne ajed) saA | 3npe < pooyp|iyDd av L4N | 2dA} sisojewoiqioinaN
aJnjels Loys oy
ul Jaje| pue ‘ewolBAy ‘xesoyro|Ayo sJodued d160j0jeWaY
‘Ayredoipied ‘wsiydiowsAp [eroe4 -uou snoueA “JAY TV pooyp|iyo Apeg av SV 'SVUN ‘LINdLd aWoIpUAs ueuooN

Aynissaidxs awoipuAs

a|qeuen ‘Ayredojnasen ‘syoiep
SAI1UBOD ‘saljewoUE |B18|9¥sO|NIsNW
‘aseas|p oelpied ‘wsiydiowsAp

|e1oe} :o3jl|-ewoipuAs UBUOON/TININM paquasep 194 10N pooyp|iyo Ale3 av 19D swo.puAs 79D

SAW £ Awosouow
10 Y dlwolpuAsuou se jussaid Aejp
ewoudied (|92 snowenbs

'Saljewoue JB|NdSeA ‘SISOYLID ofjody ‘L vdy
Jan] 'sisoiqy Areuownd ‘aunjiey NG ‘ESAVIM NIV ‘LININ ‘0LdON
epedoxna| ‘ysed upis ‘seryjeuLioude paxul| ‘ZdHN ‘dDV ‘ZANIL ‘1831 ‘D¥3L sawolpufs aiauo|a)
1IeY/|IBU 4O PBLI SNO3UBIND0IN| sop | oBues oBe spim -X pue ¥y ‘av "L73LY ‘PWAW '1DXQ 'LD1D 'ddV Hoys/siepiosip ABojoiq asewol |

sjuabe oixojoush 03 AjAnISUSS
‘SI0WN] JOAI| pUB SeWOUIDIeD ||9D
snowenbs ‘ainjie) Ng ‘wsiydiowsAp
|BIok} ‘suoewso)ew [enusbuod) saA | npe < pooyp|iyd N4 M-V DNV eIWBUE 1UODUR

TNV/SAN 10 Y dlwolpuhsuou
se juasaud Aew ‘pooyp|iyo Ales

ul siulwesuedy pue AjebGawoledsy
‘eise|dsAp |e1o|a3s ‘seluadoifo

a|qeleA ‘uoidunysAp seasoued auLIDOX] paquosep 194 10N | }npe < pooyp|iyd AV | vSdYS ‘L7143 ‘LZOrvNd (%06 <) sads SWoIpUAs puoweld-uewydoemys
poddns Jooe} yimoib s1npe BunoA VSHESAA ‘LOYDL
INoyIm suondajul ansiunpoddo aisnss paquosep 194 10N pue sjusdss|opy ¥V ‘av 'NOVI ‘LXVH ‘LIHDEDL9D ‘INVIT ejuadoiinau [elusbuod a1aAsg
sadfiouayd
Jay1o Auew pue ‘ewsps ydwik| sjnpe BunoA siueLeA d7/d Zv.LVO
'S9IDUBIDIJOPOUNWIWI YHM Pa1RIDOSSY SOA pue sjusdss|opy av ZV.LVD 0} anp uoiisodsipaid auljuusn

uonounysAp ueblo [ennuajod pue uonisodsipaid auluwiab Yum swisejdoau plojaApy

saJnjes; jesiul|n sJadued Jayjo }asuo jo wm< aduejIvyul aweu wEO._v-._hm

03 uonisodsipaid

(penunuod) 'z s|qey

€ blood”® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 1351

2022 ELN AML RECOMMENDATIONS



-ueuBljew [|93-g < TV |[99-1 < saloueuBijew piojaAw asned suoneInw [ XNNY UljwIan) siunod 1o|e1e|d 1samo| ay) aaey Ajjesausb suoneinw 9zayyNY auljuwiab yum sjdoad Ajiwey swes sy uiyum uaae Aujiqenen sidiiousyd moys |je

Downloaded from http://ashpublications.org/blood/article-pdf/140/12/1345/1921355/bloodbld2022016867.pdf by Rudiger Hehimann on 10 August 2025

"awin syl 1e ainlessl| paysiignd Syl Wouj S9SED JO SI9GUINU PSYIWI| O} NP PauIeu-0s aie s1apiosip Buibiaw3s

“LLM PUB ‘Z4SYHS '94Hd ‘ZV.LVD ‘€174 'LIXSY Ul suoneinw paiinboe yum Buoje
Kjuowwod usss aie ajajle [XNNY 2dA-pjim ay1 ul suoneinw dnewos ‘dojaAsp selwayna| uayp “leuiwopald suoneinw Yoo g a1aym wuswdojansp elwana| o) Joud sisalodolewsy [euopd aaey syusied pareInw-|XNNY Suljwiab o jusdsad Auylt

"a1ep 03 sapueubijew plojeAw yum Ajuo paiedosse useq aAey suoheINW 9zgYYNY duljuisb pue !sepueubijew plojeAw < Ty ||82-g @sned suoneinw 9A 3 auljuusb sep

asay) Buowy |

‘suened 8sayy 1oy UOISSIWBI JSIly Ul | DH 219uabo)|e 1) anbie dWOS ‘Uoseal SIY) 104 ‘SUleWS UoReINW duljuIaB Jay) 8duls Y Juspuadepul Buidojeasp 1oy ysii je ale Adeseyiowayd
yum Ajuo pareasy aie pue Y dojersp oym suoneInw y4g3D aulwiab yum sienpiapul ‘siojeiay ) ‘sesdejal ueyy sayies sTAY Aewnd juspuadepur aie Aeyy 1eyy BuiseBbns ‘siaLued uoneInw-y4g3D auljuueb ul abiawe-a 1ey) Y Ul 1DUnsIp aie
suoneinw painboe pus- ¢ 8Say} PUE A JO JOMIEW JENDBJOW B SB SSAISS UONBINW YdgID padinboe ay) jo edussaid ay] “suoneinw paiinboe omr yum asoy) yum pasedwod uoneInw suljuusb e yum asoyy 1oy sabuo| g o1 sieadde [eainns elwssneT
*1DH d1eusbojje aandws-aid sjedonpe awos ‘suoneinw auluueb pus g yum asoy) ul Juswdojensp elwexna| jo souensusd Ybiy ey Jo ssneseg eduensuad JOMO| BABY UDIYM ‘SUOHEINW PUS- € uljuLdB O} 1SeqUOd Ul ‘%QQ| O 5O Jo dduesuad
e 9ABY SUONEINW YdgFD) PUS- G SUIJULISD) "PAGLISEp Usaq dAey suonelnw auljueb pus- ¢ aiel yBnoyje ‘uoneinw pus- g ays A|jed1dAl ‘aje||e suljuueb e se sa|a||e 850y} JO SUO BAeY TN IUBINW-/JgTD d1fa|[e-1q yum sjuaned Jo 90| Ajerewixoiddy,

oiusboyred ‘4 diusBoyred Aoyl ‘g7 ‘eiwana| ankoouowoeAw ajiusAnl ‘TN ‘@AISSadal [ewosoINe Yy ‘elwayna| onsejqoydwA| sxnoe 1y ‘lueuiwop [ewosoine ‘gy ‘elwaue onsejde vy

sainjeay [ediul|d

slasued 1ay3o
03 uonisodsipaid

39su0 jo aby

asuejayu|

Aujiqeisur suj|s1es01L MOYs siown| SOA [ POOYP|IYD < NPV dv ‘av ZSWd '9HSN 'THSW "LHTN swloipufs youky
sadA1 Jown) |esanss 0} uoisodsipald saA | pooypiyo < ynpy av Zvoyd | 4eoued ueueno pue iseaiq Aieypaiay
sadA1 Jown) |esanas 0} uoilsodsipald saA | pooypiyo < ynpy av Lyoyg | 4eoueo ueueno pue iseaiq Aieypaiay
syeseled ‘eluadoalso ‘enadoly syueleA d1/d ¥1023Y
sebueyo uawBid pue upys olydoay saA | pooyp|iyo < ynpy v $10D3Y 01 anp uonisodsipaid suljwien
Qy :sisoihooquiosyy
!(snoBAzossrey punodwod pue sapueubijew proydwA| syuenen 4i/d
snoBAzowoy) yy :eluadoifooquioiy | UM paledosse os)y | Pooyp|iyd < 3Py av ¥4y TdW Td 01 enp uoiisodsipaid auljuuen
sadAy Jowny |esanss pue syueleA d1/d ZYIHD
sisejodojewsy [euO|> O} uonIsodsipaid saA | pooyp|iyo < ynpy av 2IFHD 01 anp uonisodsipaid suljwien
swsejdoau piojaAw Buipnppul sadAy s9dued sjdinw Buisned ssuab uonisodsipaid suljwisn
wsipeuobodAy
‘snijjow sa1aqelp g adAy ‘suoisa| uis
oij-sndn| ey yum Alanisussojoyd
aAIssadx® ‘Aouadiepounwiul
pliw “Aouspyep tpmolb [ereusid SSA | HNpe < pooyp|iyd v ARk swoupuAs woolg
ain|iey |Ng 40 SN £ Awosouow
olwo.puAks-uou se ussaid Aep syueLieA d7/d T6ANVS
swo.puAs eluadoifoued-eixery paquoasap 184 10N | ynpe < pooyp|iyd av T6ANYS 01 anp uonisodsipaid auljuwiag
ain|ie g 10 SAIN £ Awosouow
J1wo.puAks-uou se ussaid Aep
Ayredossyug ‘saljewoue
Kieuunoyuac) ‘Aousdiynsu| [euaipy
‘sallijewlouge |eusy ‘suoidaLU| siuelleA d7/d 6ANVS
Yum SQIN :2WoupuAs IDVYIN paquasap 194 10N | ynpe < pooypjiyd av 6ANYS 01 enp uonisodsipaid suljuueD

aweu awoipulkg

(panunuod) -z sjqey

DOHNER et al

1352 @& blood® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12



Downloaded from http://ashpublications.org/blood/article-pdf/140/12/1345/1921355/bloodbld2022016867.pdf by Rudiger Hehimann on 10 August 2025

"awi siy} 18 ainjesdll] paysiignd sy} WoJ) SISED JO SIBCINU PaliWi| 0} SNP PaWeU-0s ale siapiosip Bulbiawgs

LM PUe ‘Z4SYHS ‘94Hd ‘ZV.LVD ‘€174 'LIXSY ul suoheinw thj_uum yum Buoje

Ajuowwod usas ale aja|le [XNNY 2dA-p|im sy ul suonenw dnewos ‘dojaasp selwaiNa| usyp) “dleulwopaid suoneinw YOI F aieym ‘Juswdojaasp elwadna| o) Joud siselodolewsy [euoj aaey syusned paleinw-|xNNY duljuueb jo jusoiad Auiylt
‘a1ep 01 sapueubijew piojaAw yum Ajuo psereidosse usaq aAey suolEINW 9ZAYYNY duljuisb pue !sapueubijew plojeAw < Ty [|92-g 9Sned suoneinw 9A |3 auljwisb ‘said

-ueuBljew [|93-g < TV ||99-1 < saoueuBijew piojaAw asned suoneInw [ XNNY dUljWIaD) s1unod 19|a1e|d 1samo| ay) aaey Ajesausb suoneinw 9zayyNY auljwiab yum ajdoay “Ajiwey swes sy uiyum uaas Aljigenen sidAiousyd moys |je ‘asayy Buowy L

'syuened @sayy Joj UOISSIWSI 1Sl Ul | DH dleusbojje 1o} enfie awos ‘Uoseal Sy} Jo4 'sulewal uoieINw auljuueb Jiayy #ouls Y uspuadapur Buidojersp Joj ysu 1e aie Adessyrowsyd
yum Ajuo peressy aie pue Ny dojersp oym suoneInw ydggD auljwieb yum sienpiaipul ‘siojeiey| “sesdejal ueyy Jayies sTAY Aiewnd juspuadepur aie Aeyy 1eyy BunsebBns ‘sisLued uoneINw-y4g3D ouljuueb ul abiawe-ai 1eyl Y Ul 10UnSIP aJe
suopeinw paiinboe pus- ¢ 8saY} PUB TV JO JOXIEW JB[NOBJOW B SB SaAISS UOREINW Y/dg3D paiinboe sy jo eousseid ay] "suoneinuw painboe omi yum asoy yum paiedwod uoneinw auljuwiab e yum ssoyy 1oy JeBuo| eq o} sieadde [eainins ejwaxne
' LDH d1euabojje aandwe-aid sjedonpe swos ‘suoieinw auljwieb pus G yum ssoyy ul uswidojersp elwedna| jo souensuad YBly ayi jo esnedsg ‘eoueiauad JemO| ABY YOIYM ‘SUOIBINW pUS- € dUIjuLSB 0} 3sBIRUOD Ul ‘9%00| O3 8S0Jd jo eduensuad
e 9ARY SUOREINW V/dgTD Pue- G auljuIsD) paquasep Usaq aAey suoleinw auljwieb pus- ¢ aies yBnoyie ‘uoneinw pue- G sy A||edidA) ‘aje|je auljw.eb e se se|a|je 80U} JO 8UO aney TAY JUBINW-YJgTD d19|[e-Iq yum siusired jo 90| Ajerewixoiddy,

.o_cmmo_.rma ‘d uu_cmmo;uma K@l ‘d7 ‘elwena| ankoouowoleAw ajiuaAnl ‘TN ‘SAISS®81 [BLIOSOINE ‘YY ‘BlLSXNS| u_uwm_go:QE\»_ 23nde Iy ‘JUBUIWOP |eWOSOINe ‘(Y ‘elwaue uﬁmm_Qm RvAv

uowwod
Sl VELING $0 uoheinul siiewog
a)el |euoneINW sjueLeA d1/d
yb1y e aney saueubljew piojpAN A2 | pooypiiye < HnpY av vQdN | v@gm o1 enp uonisodsipaid suljuuen
sjueLeA d7/d
eIWBYIAO0qUIOIY} YHM POIRIDOSSY paquosep 194 10N | pooyp|iyd < }npy av 2Ivr | 2vr o1 enp uonisodsipaid suljuLen
sased |euonippe jo uonedijgnd (snobAzowoy) syueleA 41/d 2190283
syleme uoiduosap awoupuAs ||n4 paquosep 194 10N | pooyp|iyd < 3npy N\ 2790243 01 anp uonisodsipaid auljuwiag
sased |euonippe jo uonedijgnd sjueleA d7/d ¥€4SD
syeme uondudssp awolpuAs ||n4 paquasap 194 10N | pooyp|iyd < }npy av ¥E4SD 01 anp uonisodsipaid suljwuan
§sJapJosip Buibiawg
Ayunwiwioine ‘suoioajul
jua.ndal ‘'ewszds ‘eluadosinau
pue ejuadoifooquiolyromniw
yum Adusipyspounwiwl SOA | POOYPIIYS < 3npY SVM SWOIPUAS YOUP|7-HOYSIM
wsipeuobodAy
oidonopeuoBiadAy yim sajewsy
‘suonoajul Areuow|nd-ouls JuaLNdal
yum Adusidlepounuwiwl |eJjouwny
pue Jejn|jea pauiquiod ‘Alljigesip
|en1oa)j|a1ul ‘uoneplelas ymodb pjiw
‘sainyeay |eioey dlydiowsAp ‘obe yum
anissaiboid pue yuiq 1e Ajeydesoudip
uoleINW Japunoy uonsjep Jed
aseq-G e Jo} snobAzowoy ale y40s< soA | 3npe < pooyp|iyd N\ NN swoipuAs sbexeaiq usbawliN

saJnjeay [ediul)

sJaoued Jsyjo

03 uonisodsipaid

39su0 jo aby

@sueIRyu|

aweu swo.puAg

(penunuod) -z ajqey

€ blood”® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 1353

2022 ELN AML RECOMMENDATIONS



Downloaded from http://ashpublications.org/blood/article-pdf/140/12/1345/1921355/bloodbld2022016867.pdf by Rudiger Hehimann on 10 August 2025

"awi siy) 1e aunjesdll] paysiignd sy} WoJ) SISED JO SIBCINU PaliWi| 0} SNP PaWeU-0S ale siopiosip Buibiawls

“LIM PUe 'Z4SYS ‘94Hd ‘ZVLYD ‘€174 'LIXSY Ul suonenw paunboe ym Buoje
Ajuowwod usss aie ajajle [ XNNY 2dA-pjim ayy ul suoneInw dnewos ‘dojarsp seiwayna| uaypp "ereuiwopaid suoneinw yOog 1eym quswdojersp eiwena| o3 Joud siseiodojeway [euopd aaey syuened pareinw-|xNNY duljwisb jo juedsed Auiy

"a1ep 01 sapueubljew piojaAw yum Ajuo psejeidosse Usaq aAey suoneINW 9ZaYYNY auljwieb pue !sapueubijew plojeAw < Ty ||92-g 9sned suolelnw 9A |3 auljuusb ‘sspueubijew
J192-g < TIV ||99-1 < sepueuBijew piojaAw asned suoneinw [XNNY duljuian) 'syunod 1aa1ed 1samo| ayy aaey Ajjesaush suoneinw 9zgydNYy auljuieb yum ajdoay “Ajiwe) swes ayr uiyum uaas Ayjigeuea sidAkiousyd moys |je ‘esayy Buowy)

'syuened @say) Joj UOISSIWAL ISl Ul | DH dleusbojje 1o} anfie awos ‘Uuoseal sy Jo4 "sulewal uoieInw auljuueb Jiayy eouls Y uspuadapur Buidojersp Joy ysu 1e aie Adessyrowsyd
um Ajuo peresny aie pue Ny dojersp oym suoneInw ydggD aulwiab yum sienpiaipul ‘eiojeiey| sesdejal ueyy Jayiel sAY Aiewnd juspuadepul sie Aeyy eyr BunseBBns ‘sisled uoneinw-ygg3D auljwieb u abiswe-al 1oyl AV Ul 1ounsIp aie
suoneinw paiinboe pus- ¢ 8saYl PuUe “JAY JO JSXIEW IBNDSJOW € SB SIAISS UONeINW YdgTD paiinboe ayy jo @oussaid sy "suoneinuw paiinboe omy yum asoyr yum paseduwiod uoneinw auljulab e yum asoyy Joj ebuo| aq o3 sieadde [eAinins elwadnaT
"1 DH dl1eusbojje aandws-aid sjed0npe awos ‘suonenw suljuueB pus § yum esoly ul Juswdojensp ejwaina| jo souenauad ybBly syl jo ssnedsg ‘edueiaUSd JSMO| BARY UDIYM ‘SUOKRINW pUS- ¢ BUIWISB 0} ISBUOD Ul ‘%00 O} 850p Jo souenauad
B DABY SUONEINW Y/dg3D PUS- G dUljWwISD) ‘PaquIsep useq aAey suoneinw aulueh pue- ¢ aies yBnoyye ‘uonenw pus- g ayi AjjeaidAy ‘aje|je auljwieb e se sejs||e SOy} Jo BUO BARY TNV JeINW-YggID d13|[e-1q Yum spusied jo 90| Ajsrewixoiddy,

.o_cmmo_.rma ‘d uu_cwmo;«ma K@l ‘d7 ‘eiweyna| ankoouowoleAw sjiusAnl “JNINF ‘@AISS®81 [BLIOSOINE ‘YY ‘BlLSMNS| o_pwm_QOLQ:;_ 23nde Y ‘JUBUIWIOP |BWOSOINE ‘(Y ‘ellduUe uﬁmm_Qm RvAv2

sased [euonippe jo uonediignd
syeme uondudssp awoipuAs ||n4

sjyueleA 47/d
paquosep 184 10N | 3npe < pooyp|iyD ¥V ‘av Z131 | zL3L o3 enp uomsodsipaid suljuue

sased |euonippe jo uonedijgnd sjueLeA d1/d

syeme uonduosep swoipuAs ||n4

sased |euonippe jo uonedignd

paquosap 194 10N

aBuel abe spippy av 2/ddS

Z/d¥S 01 enp uonisodsipaid auljuLegn
slueleA d471/d 9499

syleme uoiduosap awoupuAs ||n4 paquosep 194 10N | pooyp|iyd < }npy av 9499y 01 anp uonisodsipaid auljuwiag
sased |euonippe jo uonedijgnd sjueLeA d7/d
syeme uondudssp awolpuAs ||n4 paquosep 194 10N | 3npe < pooyp|iyd av LWAN | LIWdN 03 enp uomisodsipaid auljwisny
Aousyep |jeo-g ‘ainjiey NG
sso| Buueay a|iuasaid
‘suoljew.o}jew |eual pue oeipied syuelen d1/d LIAF/WODIN
‘KjK1oepoul)d ‘sisoisouds seujnoipey paquasep 194 10N | 1npe < pooyp|iyd av LIAJ/WODIN 01 anp uonisodsipaid suljwian

sainjeay [esiul|d

slasued 13Yy3o
03 uonisodsipaid

39suU0 jJo aby

aduejayu|

aweu swolpulkg

(penunuod) -z ajqey

€ blood” 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12 DOHNER et al

1354



Table 3. Clinical features prompting consideration of clinical testing for a germline predisposition allele(s)

Clinical features

Personal history of =2 cancers, 1 of which is a hematopoietic malignancy (order does not matter)

Personal history of a hematopoietic malignancy plus:

e Another relative within two generations with another hematopoietic malignancy, or
e Another relative within two generations with a solid tumor diagnosed at age 50 or younger, or
e Another relative within two generations with other hematopoietic abnormalities

Presence of a deleterious gene variant in tumor profiling that could be a germline allele, especially if that variant is present during remission*

Age of diagnosis of hematopoietic malignancy at an earlier age than average (eg, MDS diagnosed = 40 y)

Germline status of a variant is confirmed by:

Its presence in DNA derived from a tissue source not likely to undergo somatic mutation frequently (eg, cultured skin fibroblasts or hair
follicles) AND at a variant allele frequency consistent with the germline (generally considered between 30-60%), or

Its presence in at least two relatives at a variant allele frequency consistent with the germline

*Certain gene alleles (eg, CHEK2 1200T and truncating DDX41 variants) are overwhelmingly likely to be germline and should prompt consideration of germline testing when

identified even once.

2022 European LeukemiaNet genetic

risk classification at diagnosis

Since 2017, new data have emerged that prompted the need to
adjust the risk classification. In addition to baseline genetic char-
acterization, the importance of response to initial therapy and
assessment of early MRD in individual risk assignment are
highlighted.®” In clinical practice, a patient with favorable-risk
AML may be reclassified as intermediate-risk or vice versa,
based on the presence or absence of MRD, respectively. For
instance, this is particularly relevant for patients with NPM1-
mutant AML.%870

The most important changes made to the previous risk classifica-
tion are outlined in Table 6. (1) The FLT3-ITD allelic ratio is no
longer considered in the risk classification; consequently, AML
with FLT3-ITD (without adverse-risk genetic lesions) are now cat-
egorized in the intermediate-risk group, irrespective of the allelic
ratio or concurrent presence of NPMT mutation. The reason for
this change relates to methodological issues with standardizing
the assay to measure the FLT3-ITD allelic ratio, the modifying
impact of midostaurin-based therapy on FLT3-ITD without
NPM1 mutation,”" and the increasing role of MRD in treatment
decisions. (2) AML with myelodysplasia-related gene mutations
is now categorized in the adverse-risk group. These mutations,
typically associated with AML following an antecedent hemato-
logic disease, are also prevalent in de novo AML and indicate
adverse risk even in the absence of myelodysplasia-related
cytogenetic abnormalities.®?¢42444> Beyond the previously
considered ASXLT and/or RUNXT genes, this category of
myelodysplasia-related gene mutations now includes pathologic
variants in at least one of the ASXL1, BCOR, EZH2, RUNXI,
SF3B1, SRSF2, STAG2, U2AF1, or ZRSR2 genes. (3) The pres-
ence of adverse-risk cytogenetic abnormalities in NPM1-mutated
AML now defines adverse risk. A meta-analysis has shown that
NPM1-mutated AML with adverse cytogenetic abnormalities is
associated with a poor outcome.”? Whether other genetic
abnormalities (eg, myelodysplasia-related gene mutations) also
confer unfavorable outcome to NPM7T-mutated AML is under
investigation. (4) As mentioned previously, recent studies have

2022 ELN AML RECOMMENDATIONS

shown that in-frame mutations affecting the basic leucine zipper
region of CEBPA confer the favorable outcome, irrespective of
their occurrence as biallelic or monoallelic mutations and there-
fore are now categorized in the favorable-risk group.*?2*3 (5)
Additional disease-defining recurring cytogenetic abnormalities
are included in the adverse-risk group, including t(3926.2;v)
involving the MECOM gene,31'73 or 1(8;16)(p11.2;p13.3) associ-
ated with KAT6A:CREBBP gene fusion." (6) Finally, hyperdi-
ploid karyotypes with multiple trisomies (or polysomies) are no
longer considered complex karyotypes and as adverse risk.”*

Although numerous reports have studied mutations in other
genes, for example, IDH1/IDH2 or DNMT3A, current evi-
dence does not yet warrant their assignment to a distinct
ELN prognostic group. Also, the emerging therapeutic use
of targeted inhibitors might impact prognostic outcome in
IDH1/IDH2-mutated AML. Finally, it should be emphasized
that the ELN AML risk classification has been developed
based on data from intensively treated patients and may
warrant modifications for patients receiving less intensive
therapies.

Monitoring of measurable
residual disease

MRD assessment in AML is used to (1) provide a quantitative
methodology to establish a deeper remission status; (2) refine
postremission relapse risk assessment; (3) identify impending
relapse to enable early intervention; and (4) as a surrogate end
point to accelerate drug testing and approval.”®

Currently, the 2 most extensively evaluated methodologies are
multiparameter flow cytometry-based MRD (MFC-MRD) and
molecular MRD (Mol-MRD) assessed by gPCR.® Emerging
exploratory technologies are next-generation sequencing (NGS)
and dPCR (Table 7).”” The current update of the ELN recom-
mendation on MRD includes new technical recommendations
for standardized MFC-MRD and Mol-MRD analysis, MRD
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Table 4. Tests and procedures at diagnosis for a patient with AML

Tests and procedures

Tests to establish the diagnosis Additional tests and procedures
Complete physical examination®

Performance status (ECOG/WHO score)

Complete blood count and differential count*
Bone marrow aspiratet

Bone marrow trephine biopsyt Geriatric assessment® (optional)
Immunophenotyping by flow cytometry (see Table 5) Biochemistry, coagulation tests®

Hepatitis A, B, C; HIV-1 testing; CMV, EBV, HSV, VZV

Genetic analyses Results preferably available within

Cytogenetics§ e 57d Serum pregnancy test’

Screening for gene mutations Eligibility assessment for allogeneic HCT (incl. HLA-typing)®

required for establishing the Chest x-ray, 12-lead electrocardiogram, echocardiography

diagnosis and to identify
actionable therapeutic targets#

or MUGA (on indication)

e FLT3,9 IDH1, IDH2 e 35d Computed tomography of the chest (on indication)”

e NPM1 e 3-5d Lumbar puncture (on indication)’

e CEBPA# DDX41, TP53; ASXL1, e st cycle _
BCOR, EZH2, RUNX1, SF3B1, Information on oocyte and sperm cryopreservation’
SRSF2, STAG2, U2AF1, ZRSR2 . K

Biobanking
Screening for gene
rearrangements**
e PML::RARA, CBFB::MYH11, e 35d

RUNXT::RUNX1T1, KMT2A
rearrangements, BCR::ABL1,
other fusion genes (if available)

Additional genes recommended to test at diagnosistT

o ANKRD26, BCORL1, BRAF, CBL, CSF3R, DNMT3A, ETV6, GATAZ2, JAKZ,
KIT, KRAS, NRAS, NF1, PHF6, PPM1D, PTPN11, RAD21, SETBP1, TET2,
WT1

Medical history
Demographics and medical historytt
Detailed family history®
Patient bleeding history®

Analysis of comorbidities

CMV, cytomegalovirus; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; HSV, herpes simplex virus; MUGA, multigated acquisition; VZV, varicella-zoster
virus.

*Two hundred nucleated cells on blood smears should be counted.

tFive hundred nucleated cells on bone marrow smears should be counted. Myeloblasts, monoblasts, and megakaryoblasts are included in the blast count. Monoblasts and
promonocytes, but not abnormal monocytes, are counted as blast equivalents in AML with monocytic or myelomonocytic differentiation.

fIn patients with a dry tap (punctio sicca); touch preparations from the core biopsy should be performed if a dry tap is suspected.

§ALt least 20 bone marrow metaphases are needed to define a normal karyotype and recommended to describe an abnormal karyotype. Normal and abnormal karyotypes may be
diagnosed from blood specimens with circulating blasts. In case of no analyzable metaphases, fluorescence in-situ hybridization is an alternative method to detect genetic
abnormalities like RUNX1::RUNX1T1, CBFB:MYH11, KMT2A, and MECOM gene fusions, or myelodysplasia-related chromosome abnormalities, eg, loss of chromosome 5q, 7q, or
17p material.

#Screening for gene mutations is an evolving field of research; screening for single genes is increasingly replaced by gene panel diagnostics.

QFLT3: mutational screening should include the analysis of internal tandem duplications (ITD) and of tyrosine kinase domain (TKD) mutations. Longer FLT3-ITDs may be missed by
next-generation sequencing, therefore, we recommend continuing to use capillary electrophoresis.

#The report should specify type of mutation: only in-frame mutations affecting the basic leucine zipper (bZIP) region of CEBPA, irrespective whether they occur as monoallelic or
biallelic mutations, have been associated with favorable outcome.

**Screening for gene rearrangements should be performed if rapid information is needed for recommendation of suitable therapy, if chromosome morphology is of poor quality, or
if there is typical morphology but the suspected cytogenetic abnormality is not present.

ttResults from these genes are not required for establishing the diagnosis or for the identification of actionable therapeutic targets, rather they may be used for subsequent
monitoring of the disease by next-generation sequencing-based techniques (with the exception of mutations consistent with pre-malignant clonal hematopoiesis, eg, DNMT3A,
TET2, ASXL1); although these techniques are still investigational, this is a rapidly evolving field.

F#Including race or ethnicity, prior exposure to toxic agents, prior malignancy, therapy for prior malignancy, information on smoking.
*Thorough family history needed to identify potential myeloid neoplasms with germline predisposition.
PHistory of bleeding episodes may inform cases of myeloid neoplasms with germline predisposition and preexisting platelet disorders.

“Special attention for skin (bleeding symptoms, leukemia cutis, Sweet syndrome), gingival hyperplasia, lymphadenopathy, testis enlargement, signs of infection (eg, pulmonary,
perianal, mouth/teeth); symptoms of central nervous system involvement; signs of abnormalities associated with germline predisposition syndromes (Table 2).

YTests for objectively measured physical and cognitive function are particularly useful in the context of trials.

°Biochemistry: glucose, sodium, potassium, calcium, creatinine, aspartate amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase, lactate dehydrogenase
(LDH), bilirubin, urea, total protein, uric acid, total cholesterol, total triglycerides, creatinine phosphokinase (CPK). Special attention should be given to tumor lysis syndrome.
Coagulation tests: prothrombin time (PTT), international normalized ratio (INR) where indicated, activated partial thromboplastin time (aPTT).

fin women with childbearing potential.
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9HLA typing and CMV testing should be performed in those patients eligible for allogeneic HCT. In patients in whom allogeneic HCT is likely to be indicated, it is also important to

commence a search for sibling or volunteer unrelated donor at diagnosis.

"If suspicion of pulmonary infection.

'Required in patients with clinical symptoms suspicious of central nervous system involvement; patient should be evaluated by imaging study for intracranial bleeding,
leptomeningeal disease, and mass lesion; lumbar puncture considered optional in other settings (eg, high white blood cell count).

ICryopreservation to be done in accordance with the wish of the patient.

“Pretreatment leukemic bone marrow and blood sample; preferably also normal tissue (eg, skin biopsy, nail clippings).

thresholds, definitions of MRD response, and suggestions for
clinical implications.®”

Multiparameter flow cytometry

Integration of diagnostic LAIP that distinguish AML cells from
normal hematopoietic cells in an individual patient and the
more generally defined “different from normal” aberrant immu-
nophenotype (DfN) allow both for tracking of diagnostic and
emerging clones and should include core MRD markers (Table
5).4” MFC-MRD assessment should be performed with a quali-
fied assay based on guidelines for rare event detection.”® Evalu-
ation of residual leukemic stem cells (LSC) by MFC-MRD is still
investigational but is recommended for evaluation in clinical
studies. The prognostic value of LSC-MRD has been associated
with a higher sensitivity and lower false negativity.””# LSC can
be immunophenotypically defined as CD34"/CD38°" cells
combined with an aberrant marker not present on normal HSCs
(eg, CD45RA [PTPRC], CLL-1 [CLEC12A], or CD123 [IL3RA]).8"

Molecular MRD

The technique used, including gPCR and dPCR, should reach a
limit of detection of at least 1073, Either peripheral blood or
bone marrow may be used, although sensitivity in blood is gener-
ally lower by an order of magnitude compared with bone mar-
row. Leukemia-related abnormalities suitable for gPCR monitoring
include mutated NPM1; CBFB:MYH11, RUNX1::RUNX1T1,
KMT2A::MLLT3, DEK::NUP214, and BCR::ABL1 gene fusions;
and WT1 expression.®” Validation is most robust for NPM1-
mutated, as well as CBFB::MYH11 and RUNXT1::RUNX1T1-
positive AML.%?

If using NGS, error-corrected targeted panel-based approaches
are preferred.®® Care must be taken to recognize and exclude
germline mutations. Mutations consistent with premalignant
clonal hematopoiesis (eg, DNMT3A, TET2, ASXL1) should not
be considered as MRD.®* Further study is required to identify
and distinguish mutations truly indicative of residual AML from
clonal hematopoiesis related abnormalities.?>2 It is important
to note that NGS-based strategies currently lack standardization
as a stand-alone technique for MRD assessment.

Implementation of MRD testing/decision making
in AML

The prognostic value of MRD detection in complete remission
(CR) or CR with incomplete hematologic recovery (CRi) has been
demonstrated both in patients treated with intensive and more
recently less-intensive treatment modalities.®”®? Various studies
and a systematic meta-analysis of 81 publications have shown
the prognostic value of MRD for relapse and overall survival
(05).6887:99-93 Although MRD estimates furnish critical prognos-
tic insights, they are imperfect, because relapse still occurs in a
minority of MRD-negative patients. Thus, a negative MRD test
result may not indicate complete disease eradication but refers

2022 ELN AML RECOMMENDATIONS

to disease below the MRD test threshold in the tested sample.
Conversely, not all patients who are MRD positive will relapse.
Of note, Mol-MRD may remain detectable at low levels
(CRmrp-LL) Without prognostic significance, and therefore, are
called negative operationally if the MRD values are below the
threshold linked to prognosis.®’ For instance, in CBF-AML and
NPM1-mutant AML, the transcripts may show persistent low-
level expression after treatment, but this is not prognostic of
relapse 587974 The presence of detectable MRD before trans-
plant is an independent unfavorable predictor of posttransplant
outcome.””""% However, there is currently no evidence showing
benefit of additional courses of intensive chemotherapy prior to
transplant in CR1 patients who are MRD positive. If fit enough,
such patients should be considered candidates for a myeloabla-
tive conditioning (MAC) regimen or an early taper of posttrans-
plant immunosuppression.”

Definitions of MRD response categories and molecular
relapse are listed in Table 8. In Figure 2, the recommended
time points for MRD evaluation and clinical decision making
are depicted for NPM7-mutated, CBF-AML, and AML
assessed by MFC.

Response criteria and
outcome measures

AML response criteria and outcome measures are summarized
in Tables 8 and 9.

Response criteria
CR, CRi, partial remission (PR), and morphologic leukemia-
free state (MLFS) The criterion “absence of blasts with Auer
rods” was eliminated.

CR with partial hematologic recovery The term CR with
partial hematologic recovery (CRh) has been introduced for
patients with morphologic bone marrow blast clearance and par-
tial recovery of both neutrophils (=0.5 X 10%/L [500/uL]) and
platelets (=50 X 10%/L [50000/uL]) because those represent
clinical benefit to the patient; other CR criteria need to be met.
Thus far, CRh has only been used in the context of trials evaluat-
ing less-intensive therapies. It is recommended that future stud-
ies validate the role of CRh as a surrogate measure of survival
after intensive and less-intensive therapies.

Response criteria with MRD assessment The 2017 ELN rec-
ommendations included the term CR without MRD (CRyrp-) to
recognize the increasing role of MRD technologies in stratifying
prognosis of patients in CR." The current response criteria
expand MRD classification to include patients achieving CRh or
CRi without MRD (CRhpmgrp- or CRivrp-)-
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Table 5. Expression of cell-surface and cytoplasmic
markers for the diagnosis of AML and MPAL

Diagnosis of AML

Diagnosis of AML
CD34, CD117, HLA-DR
Cytoplasmic MPO, CD33, CD13
Myeloid maturation markers | CD11b, CD15, CD64, CDé65

CD14, CD36, CDé4, CD4, CD38,
CD11c

CD41 (glycoprotein llb/llla), CDé1
(glycoprotein llla), CD36

CD235a (glycophorin A), CD71,
CD36

Precursor marker

Myeloid markers

Monocytic markers
Megakaryocytic markers

Erythroid markers

Diagnosis of MPAL

Myeloid lineage MPO (flow cytometry,
immunohistochemistry or
cytochemistry), or

monocytic differentiation (at least
2 of the following: non-specific
esterase cytochemistry, CD11c,
CD14, CD64, lysozyme), or

at least two myeloid markers, ie,
CD177, CD33, CD13

T-lineage Strong cytoplasmic CD3 (with
antibodies to CD3 & chain) or
surface CD3

B-lineage® Strong CD19 with at least one of

the following strongly
expressed: cytoplasmic CD79%a,
cCD22 or CD10, or

weak CD19 with at least two of
the following strongly
expressed: CD79%a, cCD22 or
CD10

Core MRD markers

CD34, CD117, CD45, CD33,
CD13, CD56, CD7, HLA-DR

If monocytic: CD64, CD11b, CD4
(in addition)

Time window for response assessment To recognize the
potential for continuing improvements in blood counts after
myelosuppressive therapy, response definitions for patients with
marrow blast clearance (<5%) may be adjusted to reflect the
best hematologic response achieved prior to commencement of
the next treatment cycle. Aspirate reports that include MLFS,
CRh, or CRi should note the potential for post-marrow blood
counts to alter the final response designation.

No response Patients evaluable for response but not meeting
the criteria for CR, CRh, CRi, MLFS, or PR will be categorized as
having “no response.”

Nonevaluable for response For accurate reporting of
response, it is necessary to include all registered/randomized
patients on an intention to treat principle. Therefore, patients
nonevaluable for response should be included in the denomina-
tor of response assessment analyses. This category may include

1358 & blood® 22 SEPTEMBER 2022 | VOLUME 140, NUMBER 12

patients yet to have a response assessment, suffering early
death, exiting the study early, or those with a technically sub-
optimal bone marrow sample precluding assessment. Patients
previously categorized as having death in aplasia or from
indeterminate causes are now designated as nonevaluable
for response.

Treatment failure

Relapsed disease is defined as =5% leukemic blasts in the bone
marrow, reappearance of leukemic blasts in peripheral blood
(PB) in at least 2 PB samples at least 1 week apart, or develop-
ment of new extramedullary disease.

Refractory disease If a specified response has not been
achieved by a defined landmark (ie, failure to achieve response
after 2 cycles of intensive chemotherapy or a predetermined
landmark, eg, 180 days after commencing less-intensive ther-
apy), the patient will be designated as having refractory disease.

CR, CRh, or CRi with MRD relapse For patients initially
achieving CR, CRh, or CRi without MRD, the term CR, CRh, or
CRi with MRD relapse may be applied if there is evidence of
MRD relapse as defined by ELN criteria (Table 8).%”

Outcome measures

Systematic reporting of early death (eg, 30 and 60 days) is recom-
mended to enable assessment of treatment-related mortality with
new therapies being relevant for the therapy under consideration.

Although the primary end point for registrational studies in
AML has historically been OS, the increased availability of post-
study treatment options with potential to confound OS interpre-
tation may encourage adoption of alternative end points, such
as event-free survival (EFS; or relapse-free survival [RFS] for
postremission studies) as comparative outcome measures in
registrational studies (see also “Clinical trials”). In a retrospective
patient-level analysis of 8 randomized trials evaluating intensive
chemotherapy conducted by the US Food and Drug Administra-
tion (FDA), EFS had the best correlation with OS when response
was limited to a strict CR (R?> = 0.87; 95% confidence interval
[Cl], 0.47-0.98); EFS with the definition of response broadened
to include CRi and CR with incomplete platelet recovery was
also shown to correlate, albeit less strongly, with OS (R? = 0.59;
95% Cl, 0.13-0.93).19" Limitations of the analysis included rela-
tively small sample sizes, heterogeneity among trials, and lack of
multivariate analyses.

For drugs that add myelosuppression (eg, venetoclax, CPX-351,
gemtuzumab ozogamycin), the sole use of a strict CR in the defi-
nition of EFS is increasingly challenged. We recommend broad-
ening the definition of EFS to include CRh or CRi in response.
Patients not achieving response by the predetermined landmark
(refractory disease) should have the event recorded on day 1 of
registration in nonrandomized trials (or day 1 of random assign-
ment in randomized trials). Patients who die before reaching the
response landmark and prior to/without response assessments
are considered treatment failures and should have the event
recorded at day 1 of registration/randomization. Patients alive
but nonevaluable for response are censored at day 1 of registra-
tion/randomization. To enable consistency in trial reporting, a
response landmark for failure to achieve response should be
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Table 6. 2022 ELN risk classification by genetics at
initial diagnosis*

Risk categoryt Genetic abnormality

Favorable o 1(8;21)(922;922.1)/RUNXT::RUNXTT1+,%

o inv(16)(p13.1922) or t(16;16)(p13.1;q22)/
CBFB:MYH11t,%

e Mutated NPM1t,§ without FLT3-ITD

o bZIP in-frame mutated CEBPA||

Intermediate e Mutated NPM1t,8 with FLT3-ITD

o Wild-type NPM1 with FLT3-ITD (without
adverse-risk genetic lesions)

o t(9;11)(p21.3;923.3)/MLLT3::KMT2AT 1

e Cytogenetic and/or molecular
abnormalities not classified as
favorable or adverse

Adverse 1(6;9)(p23.3;934.1)/DEK::NUP214

t(v;11923.3)/KMT2A-rearranged#

1(9;22)(g34.1;911.2)/BCR::ABL1

(8;16)(p11.2;p013.3)/KAT6A:: CREBBP

inv(3)(q21.3926.2) or t(3;3)(q21.3;926.2)/

GATA2, MECOM(EVIT)

1(3926.2;v)/ MECOM(EVI1)-rearranged

=5 or del(5q); —=7; —17/abn(17p)

o Complex karyotype,** monosomal
karyotypett

e Mutated ASXL1, BCOR, EZH2, RUNX1,
SF3B1, SRSF2, STAG2, U2AF1, and/or
ZRSR2t%

e Mutated TP53%

e o o o o

*Frequencies, response rates and outcome measures should be reported by risk
category, and, if sufficient numbers are available, by specific genetic lesions indicated.

TMainly based on results observed in intensively treated patients. Initial risk assignment
may change during the treatment course based on the results from analyses of
measurable residual disease.

FConcurrent KIT and/or FLT3 gene mutation does not alter risk categorization.

SAML with NPM1 mutation and adverse-risk cytogenetic abnormalities are categorized
as adverse-risk.

||Only in-frame mutations affecting the basic leucine zipper (bZIP) region of CEBPA,
irrespective whether they occur as monoallelic or biallelic mutations, have been
associated with favorable outcome.

9The presence of (9;11)(p21.3;923.3) takes precedence over rare, concurrent adverse-
risk gene mutations.

#Excluding KMT2A partial tandem duplication (PTD).

**Complex karyotype: =3 unrelated chromosome abnormalities in the absence of
other class-defining recurring genetic abnormalities; excludes hyperdiploid karyotypes
with three or more trisomies (or polysomies) without structural abnormalities.

TtMonosomal karyotype: presence of two or more distinct monosomies (excluding loss
of X or Y), or one single autosomal monosomy in combination with at least one
structural chromosome abnormality (excluding core-binding factor AML).

F$For the time being, these markers should not be used as an adverse prognostic
marker if they co-occur with favorable-risk AML subtypes.

2TP53 mutation at a variant allele fraction of at least 10%, irrespective of the TP53
allelic status (mono- or biallelic mutation); TP53 mutations are significantly associated
with AML with complex and monosomal karyotype.

prespecified. Furthermore, the response landmark should be rel-
evant for the treatment received; for example, after completion
of 2 cycles of intensive therapy or 180 days after commencing
less-intensive approaches.

The incorporation of MRD outcomes as a measure of treatment
failure necessitates the inclusion of new terms incorporating
molecular MRD relapse into time to event definitions for EFSyrp,
RFSmrp, and cumulative incidence of relapse (CIRurp; Table 9).
For each study, clear definitions regarding how MRD relapse is
determined should be specified in the statistical analysis plan.

2022 ELN AML RECOMMENDATIONS

Therapy for AML

The goal of treatment is control and, whenever possible, eradica-
tion of disease. This outcome is accomplished ideally by inducing
a CR with initial therapy, followed by consolidation and/or mainte-
nance efforts to deepen the remission and maximize response
duration. The role of HCT and post-HCT therapies is discussed in
the section on allogeneic HCT. Results of genetic analyses should
be available as rapidly as possible, preferably within 3 to 5 days,
to identify therapeutically actionable targets (Table 4). A short
delay in starting treatment to stabilize patients and identify the
best treatment option is recommended to optimize clinical out-
come.'®? If hyperleukocytosis is present, immediate cytoreduction
is advised (see Management of special situations). If a patient can-
not tolerate an active intensive or nonintensive treatment option,
the purpose of therapy is to optimize quality of life and decrease
the incidence of cytopenia-related complications with transfusion
and other supportive care measures and early involvement of pal-
liative care services as appropriate.

The survival of patients with AML that are related to previous
therapy overall remains poor, which is mainly due to the high
frequency of adverse (cyto)genetic features,'®'%* but also to
the sequelae of prior therapy and sometimes persistent primary
disease. In general, patients should be managed according to
the same general therapeutic principles depending on whether
they are candidates for intensive or nonintensive therapy and
allogeneic HCT."9*1%5 CPX-351 offers a new option for the treat-
ment of these patients (see below).

Patients considered fit for intensive therapy

Induction therapy Anthracyclines and cytarabine remain the
backbone of intensive chemotherapy. Alternative options are flu-
darabine, cytarabine, granulocyte colony-stimulating factor, and
idarubicin (FLAG-IDA) and mitoxantrone-based cytarabine regi-
mens (Table 10). It has become standard to incorporate the
kinase inhibitor midostaurin into first-line therapy for patients
with FLT3-mutant AML. Midostaurin improved 4-year OS by
7.1%, from 443 to 51.4% when used as an adjunct to
daunorubicin-cytarabine induction and high-dose cytarabine
consolidation in patients 18 to 59 years of age.'® Although
study treatment incorporated single-agent maintenance for
12 monthly cycles, the value of adding maintenance therapy
remains uncertain.'”’ In a prospective nonrandomized study,
midostaurin also showed a beneficial effect in patients up to
70 years of age in comparison with a historical control group.'®

Newer and potentially more potent FLT3 inhibitors are currently
under randomized evaluation as therapeutic alternatives to mid-
ostaurin."”""% A placebo-controlled phase 3 trial enrolled 539
patients to either quizartinib or placebo in combination with
intensive induction and consolidation chemotherapy followed by
single agent quizartinib maintenance for up to 36 cycles in
patients 18 to 75 years of age with FLT3-ITD-positive AML.
Post-HCT maintenance was permitted. Although peer-reviewed
results are not yet available, a preliminary meeting abstract
reported prolonged OS for quizartinib compared with placebo.
Grade =3 treatment-emergent neutropenia was more frequent
in the quizartinib arm; early death (=30 days) was 5.7% and
3.1% in the quizartinib compared with placebo arms,
respectively.'!
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Table 7. Methods for detection of MRD in AML

Sensitivity

Applicable

in % of AML

Turn-around
time (days)

Limitations/
problems

Established Multi-parameter [ Leukemia-associated 1073 to 107* 85-90 2 Less sensitive, more
flow cytometry immunophenotype subjective analysis
(MFC) (LAIP) or different
from normal (DfN)
Established Real-time Robust data: NPM1, 10"%t0 1073 40-50* 3-5 Limited applicability
quantitative CBFB::MYH11,
PCR (RT-gPCR) RUNXT::RUNX1T1
Less validated:
KMT2A::MLLTS3,
DEK::NUP214,
BCR::ABL1, WT1
Exploratory Next-generation | Potentially any 107210 107* ~100 5-10 Less sensitive, costly,
sequencing somatic mutationt technically
(NGS)t,% challenging
Exploratory Digital PCR Specific targeted 1073 t0 107 ~70 3-5 Specific assay
(dPCR) mutations necessary for every
mutation, limited
sensitivity

*Less frequent in elderly patients with AML.

1The NGS-MRD threshold has not been defined for individual mutations; NGS-MRD positivity is provisionally defined as = 0.1% variant allele frequency, excluding mutations related

to clonal hematopoiesis and germline mutations.

FCommon gene mutations consistent with pre-malignant clonal hematopoiesis such as DNMT3A, TET2, and AXSL1 excluded; further study is required to determine which mutations

are truly indicative of residual AML and not clonal hematopoiesis.

Gemtuzumab-ozogamicin (GO) is a humanized anti-CD33 1gG4
antibody chemically linked to a calicheamicin-based cytotoxic
warhead. Following a history of initial FDA approval followed by
retraction based on questionable clinical benefit, a subsequent
randomized study demonstrated an EFS advantage among
patients 50 to 70 years with de novo AML, with benefit limited
to favorable or intermediate cytogenetic risk disease.'’?'"3
Although 4 other open-label randomized studies individually
failed to demonstrate improved survival for GO added to front
line therapy in AML, a meta-analysis of all 5 studies indicated a
benefit, particularly in patients with CBF-AML.""* In another ran-
domized study, a reduction of the relapse probability and
greater mutant NPM1 molecular clearance was shown in
patients with  NPM7-mutated AML, but with no EFS differ-
ence.”%™5 GO dosed at 3 mg/m2 (capped at 5 mg) D1, 4, and
7 of induction and day 1 of consolidation has been approved
for patients with previously untreated CD33 antigen positive
AML in combination with daunorubicin and cytarabine, but a sin-
gle dose of GO delivered on day 1 of induction may also be
efficacious.”*11¢117

CPX-351 is a dual-drug liposomal formulation that encapsu-
lates cytarabine/daunorubicin in a 5:1 fixed molar ratio.""®
In an open label phase 3 randomized study in newly diag-
nosed patients aged 60 to 75 years with disease subtypes
including therapy-related AML, a history of MDS or CMML,
or de novo AML with myelodysplasia-related cytogenetic
abnormalities CPX-351 improved the clinical response rate
and OS compared with induction with cytarabine-
daunorubicin, followed by “5+ 2" consolidation.”” Five-
year OS in the CPX-351 arm was improved from 10% to
18% compared with patients receiving “7 + 3.”"2° CPX-351
delayed the median time to neutrophil and platelet recovery
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by approximately 7 days and increased the risk of bleeding.
Early 30-day mortality, however, was not increased by
CPX-351 (5.9%) compared with “7 +3” (10.6%), and less
mucositis was noted. Randomized data are lacking for
patients under 60 years and for AML following prior MPN.

Consolidation therapy After attainment of CR (or CRh/CRi),
patients are consolidated ideally with regimens that include
intermediate-dose cytarabine.'?' Consecutive administration on
days 1 to 3, rather than on alternate days (days 1, 3, and 5) may
hasten blood count recovery.'?2'% Although high-dose cytara-
bine (3000 mg/m?) is still used in some centers, its greater toxic-
ity and failure to improve survival argues against its
continued use.'?+12¢

In addition to baseline risk factors, assessment of MRD in CR (or
CRh/CRi) is recommended for patients with nonadverse risk in
first remission to inform consolidation treatment choice. For
patients with an estimated relapse risk exceeding 35% to 40%,
consolidation with allogeneic HCT remains the preferred postre-
mission option.'?” These include patients with adverse-risk AML
or nonadverse-risk disease with MRD persistence. Autologous
HCT, although not widely used, offers an alternative postremis-
sion option for patients with favorable- or intermediate-risk dis-
ease with an adequate MRD response or for whom allogeneic
HCT is not available.”?® In the subset of patients receiving induc-
tion with a FLT3 inhibitor, GO or CPX-351, these agents may be
incorporated into consolidation (Table 10).

Maintenance therapy There is no generally accepted defini-
tion of “maintenance therapy.” In most previous trials, mainte-
nance therapy has been administered for a defined period of
time in patients who achieved remission after intensive
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Table 8. Response criteria in AML

Category

Response
CR* 1%

CRh*, 1,1

CRi*, 1.t

MLFS

PR

No response

Nonevaluable
for response

Definition

Bone marrow blasts < 5%; absence of circulating
blasts; absence of extramedullary disease; ANC =
1.0 X 10%/L (1,000/uL); platelet count = 100 X
10%/L (100 000/pL)

ANC = 0.5 X 107/L (500/uL) and platelet count = 50 X
10%/L (50000/pL), otherwise all other CR criteria met

All CR criteria except for residual neutropenia < 1.0 X
10%/L (1,000/pL) or thrombocytopenia < 100 X
10%/L (100 000/pL)

Bone marrow blasts < 5%; absence of circulating
blasts; absence of extramedullary disease; no
hematologic recovery required

All hematologic criteria of CR; decrease of bone
marrow blast percentage to 5% to 25%; and
decrease of pre-treatment bone marrow blast
percentage by at least 50%

Patients evaluable for response but not meeting the
criteria for CR, CRh, CRi, MLFS or PR are
categorized as having no response prior to the
response landmark. Patients failing to achieve
response by the designated landmark are
designated as having refractory disease

Non-evaluable for response will include patients
lacking an adequate bone marrow response
evaluation. This category will include patients with
early death, withdrawal prior to response
assessment, or a technically suboptimal bone
marrow sample precluding assessment

Comment

If CRh used, CRi should only include patients not
meeting the definition of CRh

Marrow should not merely be “aplastic”; bone marrow
spicules should be present; at least 200 cells should
be enumerated in the aspirate or cellularity should
be at least 10% in the biopsy. Mainly used in the
context of phase 1-2 clinical trials

Mainly used in the context of phase 1-2 clinical trials

Response (if including
assessment of MRD)§

CR, CRh, or CRi
without MRD%+
(CRmrp-, CRhrD.-
or CRiMRD_)

CR, CRh or CRi with MRD below a defined threshold for
a genetic marker by qPCR, or by MFC. Response
without MRD should be confirmed with a subsequent
assessment at least 4 wk apart. The date of response
without MRD is the first date in which the MRD was
below the defined threshold

Response with MRD detection at low-level (CRyrp.-11) is
included in this category of CR, CRh or CRi without
MRD. CRurp.LL is currently only defined for NPM1-
mutant and CBF-AML

Sensitivities vary by marker tested, and by method
used; therefore, test used, tissue source and
minimum assay sensitivity for evaluability should be
reported; analyses should be done in experienced
laboratories (centralized diagnostics)

Treatment failure

Refractory disease

Relapsed disease
(after CR, CRh or CRi)

No CR, CRh or CRi at the response landmark, ie, after
2 courses of intensive induction treatment or a
defined landmark, eg, 180 d after commencing less-
intensive therapy

Bone marrow blasts = 5%; or reappearance of blasts in
the blood in at least 2 peripheral blood samples at
least one week apart; or development of
extramedullary disease

Patients not responding to a first cycle of 7 + 3 should
be considered for a regimen containing higher doses
of cytarabine

ANC, absolute neutrophil count; CBF, core-binding factor; VAF, variant allele frequency.

*To recognize the potential for continuing improvements in blood counts after myelosuppressive therapy, response definitions for patients with marrow blast clearance (< 5%) may
be adjusted to reflect the best hematologic response achieved prior to commencement of the next treatment cycle. Aspirate reports that include MLFS, CRh, or CRi should note the
potential for post-marrow blood counts to alter the final response designation. Patients should not have received G-CSF, nor platelet transfusions within 7 d prior to hematologic
response determination.

tFor patients with CR, CRh, or CRi, the presence of a low percentage of circulating blasts in the blood may represent a regenerating marrow and should not be interpreted as per-
sistent disease. In such cases the blasts generally disappear within a week.

$A response landmark for CR, CRh, or CRi should be stated, eg, after 2 cycles of intensive therapy; this landmark may be longer for nonintensive based treatment options, eg, 180 days.
§MFC-MRD positivity is defined as = 0.1% of CD45 expressing cells with the target immunophenotype. MRD test positivity by qPCR is defined as cycling threshold (Ct) < 40 and is

negative if Ct = 40 in = 2 of 3 replicates. In NPMT-mutated and CBF-AML, CR with molecular MRD detectable at low-level (CRyvrp.1) defined as < 2% is designated as negative
for MRD, because when measured at the end of consolidation treatment, is associated with a very low relapse rate.
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Table 8. (continued)

Category Definition Comment
Treatment failure
(if including
assessment

of MRD)§

Test methodology, sensitivity of the assay, and cutoff
values used must be reported; analyses should be
done in experienced laboratories (centralized

MRD relapse 1. Conversion from MRD negativity to MRD
(after CR, CRh or positivity, independent of method, or

CRi without MRD) 2. Increase of MRD copy numbers = 1 logqo

source

between any two positive samples in patients
with CRurp-1, CRhmro-LL or CRimro-L by qPCR

The result of 1. or 2. should be rapidly confirmed in a
second consecutive sample from the same tissue

diagnostics)

ANC, absolute neutrophil count; CBF, core-binding factor; VAF, variant allele frequency.

*To recognize the potential for continuing improvements in blood counts after myelosuppressive therapy, response definitions for patients with marrow blast clearance (< 5%) may
be adjusted to reflect the best hematologic response achieved prior to commencement of the next treatment cycle. Aspirate reports that include MLFS, CRh, or CRi should note the
potential for post-marrow blood counts to alter the final response designation. Patients should not have received G-CSF, nor platelet transfusions within 7 d prior to hematologic

response determination.

tFor patients with CR, CRh, or CRi, the presence of a low percentage of circulating blasts in the blood may represent a regenerating marrow and should not be interpreted as

persistent disease. In such cases the blasts generally disappear within a week.

A response landmark for CR, CRh, or CRi should be stated, eg, after 2 cycles of intensive therapy; this landmark may be longer for nonintensive based treatment options, eg, 180 days.

§MFC-MRD positivity is defined as = 0.1% of CD45 expressing cells with the target immunophenotype. MRD test positivity by qPCR is defined as cycling threshold (Ct) < 40 and is
negative if Ct = 40 in = 2 of 3 replicates. In NPM1-mutated and CBF-AML, CR with molecular MRD detectable at low-level (CRyrp.1) defined as < 2% is designated as negative for
MRD, because when measured at the end of consolidation treatment, is associated with a very low relapse rate.

chemotherapy. The FDA defines maintenance therapy for AML
as an extended but time-limited course of treatment, that is usu-
ally less toxic, given after achievement of CR with the objective
of reducing the risk of relapse. Thus, a trial designed to dem-
onstrate the efficacy of maintenance therapy would need to
include a specified induction and consolidation treatment fol-
lowed by randomization to a predefined duration of
treatment."?’

The main objective of maintenance therapy is to deliver a mini-
mally toxic therapy capable of reducing the risk of leukemic
relapse. In a randomized study in newly diagnosed older
patients in first remission after 2 cycles of intensive induction,
azacitidine maintenance therapy, administered subcutaneously
for up to 12 cycles, improved disease-free survival compared
with no maintenance.” An orally administered version of azaci-
tidine, CC-486, given over 14 days in 28-day cycles as continu-
ous postremission therapy, was shown subsequently in a
randomized placebo-controlled trial to reduce relapse risk and
improve median OS (from 14.8 to 24.7 months) among patients
= 55 years not considered candidates for allogeneic HCT."™'
Oral azacitidine prolonged OS independently of the MRD status
as assessed by MFC (47% of patients were MRD positive and
53% were MRD negative at study entry)."*? Oral azacitidine is
approved for continued treatment of patients with AML in first
CR/CRi following intensive induction chemotherapy who are not
able to complete intensive curative therapy, including allogeneic
HCT. However, there are limitations to the trial design that pro-
hibit generalizability of the data.’®® First, data regarding the role
of oral azacitidine in younger populations or patients with CBF-
AML are lacking; furthermore, only few patients had AML with
adverse-risk cytogenetics (14%). Second, because the trial did
not specify prior induction and consolidation therapy, there was
considerable variability in therapy prior to selection for
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maintenance (ie, 45% of patients had received 1 consolidation
cycle, 31% had 2 cycles, and 20% had no consolidation).

Patients who received midostaurin during induction and consoli-
dation may continue these agents in maintenance in line with
the reported phase 3 experience.'®

Patients not considered candidates for intensive therapy
There are no generally accepted or validated criteria to consider
a patient ineligible for intensive chemotherapy. In the context of
clinical trials, criteria have been used that consider a patient not
eligible for intensive chemotherapy (for instance as defined in
Table 11) that may also offer guidance in routine practice.

Substantial progress has been made in the management of
patients considered unfit for intensive chemotherapy (Table 11).
Compared with azacitidine alone, addition of the BCL2 inhibitor
venetoclax improved clinical response (CR/CRi, 66.4% vs 28.3%)
and median OS (14.7 vs 9.6 months), establishing a new stan-
dard of care for older or unfit patients with AML."** To limit pro-
longed myelosuppression and the risk of tumor lysis syndrome
associated with this regimen, management recommendations
are outlined in Table 12.% Although not evaluated in random-
ized clinical trials, phase 1b/2 studies suggest that clinical out-
comes with decitabine plus venetoclax are similar to the
azacitidine plus venetoclax combination.”® For patients failing
frontline venetoclax-based therapy, prognosis appears very
poor."¥ For patients unable to receive a hypomethylating agent
(HMA), low-dose cytarabine (LDC) in combination with veneto-
clax represents an alternative treatment option."*® Although an
open-label randomized study showed improved survival for the
hedgehog inhibitor glasdegib in combination with LDC, com-
pared with LDC alone, the relatively low response rate (CR/CRi
24%) with this regimen does not favor its use as an alternative
nonintensive op’cion.139
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Method Diagnosis After 2 cycles End of treatment Follow-up (24 mo)
Analysis qPCR BM every 3
—_— - - ry 3 mo, or
ﬁlPGCSR Bl e FE o e —> PB every 4-6 weeks
NPM1 —
MRD relapse:
0,
gPCR IMRD ilz A’éo‘; —> Conversion MRD"®9 to
Clinical og-red. <o- MRDP®* or 21 log, , increase
biomarker
Analysis , qPCR BM or PB PB BM PB 4-6 week
b —— or —t —_— e every 4-6 weeks
CBF-AML —
MRD relapse:
0,
qPCR IMRD iZ 6,30‘; Conversion MRD"®9 to
Clinical og-red. <o- MRDP®® or >1 log,, increase
biomarker
Analysis Exploratory:
——» MFC? —— BM _— BM - BM - BM every 3 mo
All AML —
MFC2 MRD positive — MRD positive —— MRD positive (exploratory)
Clinical
biomarker

Figure 2. Algorithm of MRD assessment and time points at which MRD is considered a clinically relevant biomarker. Blue squares indicate timepoints of
assessment and source of material; pink squares indicate timepoints for treatment modification based on a clinical relevant biomarker: for example, if the level of
molecular MRD as assessed by qPCR is =2% or if there is failure to reduce mutant transcript levels by 3 to 4 log after completion of consolidation chemotherapy,
treatment modifications (eg, allogeneic hematopoietic cell transplantation) may be considered; similarly, if patients are still MRD positive by MFC after 2 cycles of
intensive chemotherapy or at end of treatment. For patients receiving less intensive therapy, timepoints for assessment and clinical decision making are not yet
established. Modified from 2021 ELN MRD recommendations®” BM, bone marrow; CBF, core-binding factor. ®MFC as assessed by LAIP or the DIN method.

For newly diagnosed patients with IDHT mutation, results from a
randomized study indicate that the IDH1 inhibitor ivosidenib
plus azacitidine improves EFS (hazard ratio, 0.33; 95% Cl, 0.16-
0.69), clinical response (CR/CRh, 52.8 vs 17.6%), and median OS
(24.0 vs 7.9 months) compared with azacitidine plus placebo.*
To identify patients suitable for ivosidenib at initial diagnosis,
rapid IDHT mutation screening in older patients with AML is rec-
ommended. Patients with IDH1/2-mutated AML who are consid-
ered too frail to tolerate HMA-based treatment may be offered
best supportive care or monotherapy with targeted IDH1/IDH2
inhibitors.™’

In patients receiving HMA-based combination therapy (with
venetoclax, ivosidenib, other investigational agents), response
should be assessed early during the first cycle (eg, on day 14-21)
due to high rates of early responses seen with HMA combina-
tions and the need to delay or modify dosing in the setting of
persistent cytopenias in a leukemia-free marrow (Table 12).
A second assessment is commonly performed after 3 cycles
and then repeated every 3 cycles for patients in remission or
at the discretion of the physician outside of a clinical trial. In
the absence of treatment intolerance, nonintensive treatment
approaches have commonly been continued until disease pro-
gression, but for the time being, there are no data supporting
the advantage of an open-ended duration approach over
therapy for a confined period.

Relapsed and refractory disease Common salvage regimens
for patients with refractory or relapsed disease are given in

2022 ELN AML RECOMMENDATIONS

Table 10. At clinical progression, it is important to highlight the
potential for clonal evolution and emergence of actionable tar-
gets not detected at diagnosis. Currently, these include emer-
gence of IDH1/IDH2 mutations or new or expanded FLT3-ITD
or FLT3 tyrosine kinase domain clones.'*?' Therefore, molecu-
lar re-evaluation at relapse is important to identify patients who
may be suitable for targeted salvage options. In the interest of
therapeutic progress, it is recommended to enter these patients
into clinical trials whenever possible. Patients failing to achieve
remission after 2 cycles of induction (including at least 1 cycle of
intermediate-dose cytarabine) are defined as having primary
refractory AML. Patients are unlikely to benefit from further
cycles of conventional chemotherapy and instead should be
referred for consideration of allogeneic HCT or participation in

clinical trials.™’

Factors associated with reduced survival at AML relapse include
shorter RFS (<6-12 months), nonfavorable risk karyotype at diag-
nosis, older age (>45-55 years), or prior history of HCT.148149 |
general, after cytoreduction has been achieved, allogeneic HCT
is recommended. If HCT is not a realistic option (eg, in the older
patient), disease control using a nonintensive option, such as
HMA with or without venetoclax, may be appropriate. For
patients with relapsed/refractory FLT3-mutated disease, the
kinase inhibitor gilteritinib has been approved based on a ran-
domized trial showing improved response rates (CR, 21.1% vs
10.5%) and median OS (9.3 vs 5.6 months) in the gilteritinib arm
compared with physician’s choice of salvage therapy.'">°
Although more patients receiving gilteritinio were bridged to
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Table 9. Outcome measures for clinical trials in acute myeloid leukemia

Category Definition

Early death

Death from any cause within a timeframe relevant for the therapy being investigated (eg, 30 and 60 d
from commencing therapy)

Overall survival

Defined for all patients in a trial; measured from day 1 of randomization or day 1 of registration in non-
randomized trials (or from the date of diagnosis, eg, for correlative science studies) to the date of death
from any cause; patients not known to have died at last follow-up are censored on the date they were
last known to be alive

Event-free survival (EFS)

Defined for all patients in a trial; measured from day 1 of randomization or day 1 of registration in non-
randomized trials to the date of treatment failure, hematologic relapse from CR/CRh/CRi or death from
any cause, whichever occurs first; treatment failure is defined as not achieving either CR, CRh or CRi by
a pre-defined landmark (eg, after two cycles of intensive chemotherapy or 180 d for non-intensive
therapy); patients evaluable for response but not achieving either CR, CRh or CRi by the defined
landmark and patients who die before the defined landmark without response assessments are
considered an event at day 1 of randomization; patients alive who are non-evaluable for response
should be censored at day 1 of the randomization; patients achieving either CR, CRh or CRi by the
defined landmark but do not relapse or die should be censored on the date they were last assessed for
response

Relapse-free survival (RFS)*

Defined only for patients achieving CR, CRh, or CRi; measured from the date of achievement of remission
until the date of hematologic relapse or death from any cause; patients not known to have relapsed or
died at last follow-up are censored on the date they were last known to be alive

Cumulative incidence of relapse
(CIR)

Defined for all patients achieving CR, CRh, CRi; measured from the date of achievement of a remission
until the date of hematologic relapse; patients not known to have relapsed are censored on the date
they were last assessed for response; patients who died without relapse are counted as a competing
cause of failure

Cumulative incidence of death
(CID)

Defined for all patients achieving CR, CRh, CRi; measured from the date of achievement of a remission to
death without prior relapse; relapse is considered as competing risk

If including assessment
of MRD relapse

EFSMRDT

RFSmrot

CIRmrDt

ClDmro

Measured from day 1 of randomization or day 1 of registration in non-randomized trials to the date of
failure to achieve CR, CRh or CRi by a defined landmark (eg, after two cycles of intensive chemotherapy
or 180 d for non-intensive therapy), hematologic relapse, MRD relapse (for patients achieving CR, CRh
or CRi without MRD) or death from any cause

Measured from the date of achievement of a remission (CR, CRh, or CRi) until the date of hematologic
relapse, MRD relapse, or death from any cause

Measured from the date of achievement of a remission (CR, CRh or CRi) until the date of hematologic
relapse, or molecular MRD relapse; patients who died without relapse are counted as a competing
cause of failure

Measured from the date of achievement of a remission (CR, CRh, or CRi) to death without prior relapse;
morphologic or molecular MRD relapse is considered as competing risk

*Relapse-free and disease-free survival have been used with the same definition.
tMolecular MRD relapse should only consider data for mutated NPM1, RUNX1::RUNX1T1 or CBFB::MYH11 fusion transcripts as assessed by real-time quantitative PCR.

HCT (25.5% vs 15.3%) and these patients were permitted to
restart gilteritinib 30 to 90 days after HCT, the clinical benefit of
post-HCT gilteritinib remains uncertain. In addition, only 5.7% of
patients received prior midostaurin as first-line therapy in this
study, making generalization of treatment outcomes after this
and other FLT3 inhibitors difficult. In a randomized trial evaluat-
ing the FLT3 inhibitor quizartinib in patients with relapsed/refrac-
tory FLT3-ITD—positive AML, quizartinib also showed improved
OS compared with conventional care regimens.''® However,
after evaluation of the trial data, neither FDA nor the European
Medlicines Agency granted approval.

For patients with relapsed/refractory IDH1/IDH2-mutant AML,
salvage with ivosidenib or enasidenib is a possibility because
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these IDH inhibitors induce CR rates in the range of 20% and
overall response, including hematologic improvement in approx-
imately 40%.">"1>3 Median time required to attain CR is ~3 to
4 months, with 80% of cumulative responses attained after com-
pletion of 6 cycles of therapy.""'*2 Among responders, molec-
ular clearance with ivosidenib was observed in 21% and was
associated with longer remission duration and prolonged
survival.”>' Although responders to enasidenib may also achieve
molecular clearance, targeting IDH2 in a nonblinded random-
ized trial did not show improvement in OS compared with con-
ventional care options among patients =60 years failing 2 or 3
prior lines of therapy.'* For management of adverse events
associated with novel agents, see the section on supportive care
below and Table 12.
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Allogeneic hematopoietic cell

transplantation

AML is the most frequent indication for allogeneic HC
Advances allowing for the use of partially matched unrelated
donors, cord blood, and haplo-identical family members mean
that an allogeneic donor can be found for most patients in
need. Nonmyeloablative and reduced intensity conditioning
(RIC) regimens make allogeneic HCT possible in patients up to
age 80 at experienced centers.”>”"*® With newly approved
methods to prevent and treat both infections and graft-versus-
host disease (GVHD), outcomes following transplant continue to
improve, leaving disease recurrence as the major cause of treat-
ment failure.’ Despite its central role in the management of
adult AML, only a minority of patients for whom transplantation
is indicated undergo the procedure.'®® Reasons for underutiliza-

tion include biologic factors, personal and physician choice, and
160

T 155,156

lack of access.

Indications for allogeneic HCT

The decision to perform allogeneic HCT during first remission
depends on the risk-benefit ratio (ie, nonrelapse mortality [NRM]
and disability/reduction in relapse risk) based on cytogenetic
and molecular genetic features of disease at presentation and
response to initial therapy, as well as patient, donor, and trans-
plant factors. Allogeneic HCT should be considered when the
relapse probability without the procedure is predicted to be
>35% to 40%."?’ For patients with favorable-risk disease, allo-
geneic HCT in CR1 is generally not recommended except for
those with inadequate clearance of MRD.®”'¢"'é3 |n contrast,
allogeneic HCT is recommended for patients with adverse-risk
AML and for the majority of those with intermediate-risk disease,
although quite a few centers rely on the presence of MRD to
guide their decision based on the predicted risk of relapse. For
patients who are age 60 or older, mostly based on retrospective
comparisons, allogeneic HCT in first remission is recommended
for those with intermediate-risk or adverse-risk disease willing
and able to undergo remission-inducing therapy.'®*'> Judi-
cious patient selection is important in patients over 60 especially
regarding the presence of comorbidities and support at home.
Allogeneic HCT is the only curative therapy for patients with pri-
mary refractory disease and offers the best chance for cure in
those who relapse after initial chemotherapy.’®® Other factors
including comorbidities, donor source, and individual patient
goals must be considered.

Comorbidities and risk scores

Several transplant-related models address the impact of comor-
bidities and disease risk."” The HCT comorbidity index (which
has been modified to include age) sums a patient’s comorbid-
ities into a single score that predicts the likelihood of NRM fol-
lowing transplantation independent of the disease being
treated.'®®1¢? A disease-risk index based on disease-stage and
cytogenetics predicts the likelihood of disease recurrence follow-
ing transplantation independent of patient comorbidities.’’® The
modified European Society of Blood and Marrow Transplanta-
tion risk score combines both patient and disease risk factors
thus predicting OS rather than NRM or relapse risk."”"

2022 ELN AML RECOMMENDATIONS

Preparative regimen intensity

Transplant preparative regimens run the gamut from nonmye-
loablative, which would result in only mild, temporary depres-
sion of blood counts without transplant, to RIC regimens of
varying intensity, to high-dose true MAC. Prospective random-
ized trials yield inconsistent results, but in general, NRM is
increased, and relapse rates are diminished with higher-dose
regimens. The best evidence supporting the use of MAC regi-
mens in patients aged 18 to 65 years comes from the random-
ized phase 3 BMT CTN 0901 study, which showed improved
survival with MAC compared with RIC because of a marked
reduction in disease recurrence.'’?'72 In a retrospective analysis,
the benefit of MAC was greatest in patients with genomic evi-
dence of residual disease before transplant, as determined by
NGS at the time of transplant.”®1%°

Donor selection/GVHD prophylaxis

Registry analyses show approximate equivalence in outcomes
for patients transplanted using a well-matched unrelated donor
compared with those using a matched sibling donor.'”*17>
However, many patients lack a suitable sibling or volunteer unre-
lated donor. The recent demonstration that posttransplant cyclo-
phosphamide GVHD prophylaxis is tolerable and results in
encouraging outcomes using mismatched unrelated and haplo-
identical donors substantially widens the donor pool.'¢"7? The
use of single or double cord blood units with a high nucleated
cell dose also results in excellent outcomes, particularly in
patients with evidence of pretransplant MRD."”%"®° Current data
support the utilization of a matched sibling donor or well-
matched unrelated donor as the preferred donor option in
adults with AML."”” Recognition of germline predisposition in
the patient with AML and family members influences donor
selection, and the use of relatives with deleterious germline var-
iants should be avoided (see Germline predisposition). Random-
ized trials comparing outcome after transplantation using a
matched unrelated donor vs a haplo-identical donor are
underway.

Pre- and posttransplant strategies to prevent
posttransplant relapse

Disease relapse is the major cause of treatment failure in adults
allografted for AML."®" For patients who are in CR1 following 2
cycles of intensive therapy, there is no evidence that additional
chemotherapy prior to transplantation reduces the risk of relapse
regardless of pretransplant MRD status. There is increasing inter-
est in the use of pharmacological or cellular therapy posttrans-
plant to prevent disease recurrence. In patients allografted for
FLT3-mutated AML, randomized studies show that maintenance
with the FLT3 inhibitor sorafenib, although sometimes challeng-
ing to deliver, reduces the risk of relapse, suggesting that the
use of a FLT3 inhibitor is a reasonable option.'®"83 A random-
ized trial examining the benefit of posttransplant maintenance
with the second-generation FLT3 inhibitor gilteritinib in this
patient population is in progress. There is less evidence support-
ing the use of other agents as posttransplant maintenance in
AML. A randomized study of maintenance using subcutaneous
azacitidine showed no benefit and is not recommended based
on available evidence'®*: oral azacitidine (CC-486) is currently
under study.
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Table 10. Selected treatment options for patients fit for intensive chemotherapy

Fit for intensive

chemotherapy

AML with FLT3 mutation

Induction

Daunorubicin 60 mg/m2 IV d1-3;
or idarubicin 12 mg/m? IV
d1-3; and cytarabine 100-200
mg/m?/d CIV d1-7; plus
midostaurin 50 mg q12h PO
d8-21

Re-induction: either 2nd cycle
"7 + 3" or regimen containing
higher dose of cytarabine,
each plus midostaurin,
preferable the latter in
patients with no response to
1st cycle

Consolidation*

3-4 cycles of IDAC 1000-1500
mg/m? IV (500-1000 mg/m? if
=60y old) over 3h q12h d1-3;
plus midostaurin 50 mg q12h
PO d8-21 (in all cycles)t

Maintenance

Midostaurin 50 mg q12h PO
d1-28, g4 wk, over 12 cyclest

Non-FLT3 mutant§

Daunorubicin 60 mg/m2 IV d1-3,
idarubicin 12 mg/m? IV d1-3,
or mitoxantrone 12 mg/m? IV
d1-3; and cytarabine 100-200
mg/m?/d CIV d1-7

Re-induction: either 2nd cycle
"7 + 3" or regimen containing
higher dose of cytarabine,
preferable the latter in
patients with no response

3-4 cycles of IDAC 1000-1500
mg/m? IV (500-1000 mg/m? if
=60 y old) over 3h q12h d1-3

Oral azacitidine 300 mg PO daily
d1-14, g4 wk, until disease
progression||

Other options||

Gemtuzumab ozogamicin (GO)
for CD33-positive AML,
favorable (or intermediate)
cytogenetic risk

CPX-351 for AML with
myelodysplasia-related
changes or therapy-related
AMLY

Daunorubicin 60 mg/m? IV d1-3
and cytarabine 100-200
mg/m?/d CIV d1-7; plus GO
3 mg/m? (maximum dose 5
mg) IV, d1, 4, 7. GO is also
widely administered on day
1 of induction only.

Re-induction (if not in CR/CRh/
CRi) may be with daunorubicin
60 mg/m? IV d1-2 and
cytarabine 1000 mg/m? IV
(500-1000 mg/m? if =60 y old)
over 3h g12h d1-3 without GO

CPX-351 100 U/m? (daunorubicin
44 mg/cytarabine 100 mg) IV
d1, 3,5

Re-induction (if not in CR/CRh/
CRi): CPX-351 100 U/m? IV d1,
3 only

2-4 cycles of IDAC 1000-1500
mg/m? IV (500-1000 mg/m? if
=60y old) over 3h q12h d1-3.
GO 3 mg/m? may be added
on d1 (in up to 2 cycles).

Consider omitting GO if
allogeneic HCT is planned to
reduce the risk of veno-
occlusive disease.

1-2 cycles of CPX-351 65 U/m?
(daunorubicin 29 mg/
cytarabine 65 mg) IV d1, 3

CIV, continuous IV; IDAC; intermediate-dose cytarabine; PO, per os; QD, once daily; SC, subcutaneously.

*Results from assessment of MRD should be taken into account for selecting the appropriate consolidation therapy.

tIn the trial that led to the regulatory approval of midostaurin for FLT3-mutated AML, consolidation cycles included high-dose cytarabine at 3000 mg/m?, whereas intermediate

dose levels of cytarabine (1000-1500 mg/m?) are nowadays more commonly applied in AML therapeutics.

3The value of maintenance treatment with midostaurin remains uncertain.

§Alternative active frontline induction regimens that are sometimes used include FLAG-IDA (defined below under common salvage regimens).

||Data regarding the role of oral azacitidine maintenance therapy in younger patients (< 55 y) or patients with core-binding factor AML are lacking; in addition, data are lacking for

oral azacitidine after GO-based or CPX-351 induction/consolidation therapy.

fData in younger adult patients (< 60 y) and for AML post myeloproliferative neoplasm are lacking. No benefit compared with “7 + 3" induction was shown in patients with anteced-

ent MDS with prior hypomethylating agent exposure.

#Regimens containing higher doses of cytarabine are generally considered as the best option for patients not responding to a first cycle of “7 + 3.” Single-agent IDAC should not

be used in patients relapsing within 6 mo following consolidation with higher doses of cytarabine.
**|darubicin may be replaced by mitoxantrone 10 mg/m? IV d2-4 (FLAG-MITO); or by amsacrine 100 mg/m? IV d2-4 (FLAG-AMSA).

ttGilteritinib as a salvage option has only been validated in a randomized trial after prior intensive chemotherapy.

f1Based on single-arm data.

?Although enasidenib did not show improved overall survival in a randomized study in comparison with conventional therapy in late-stage IDH2-mutant AML, clinically useful single-

agent anti-leukemic activity has been demonstrated.
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Table 10. (continued)

therapy

Common salvage regimens in patients not responding to initial induction or with relapsed disease who are candidates for intensive

Gilteritinib (AML with FLT3
mutation)

Intermediate-dose cytarabine#
(with or without
anthracycline)

FLAG-IDA**

idarubicin 8 mg/m?

CLAG-M

Allogeneic HCT

Gilteritinib 120 mg PO QD d1-28, g4 wk, until disease progression

Cytarabine 1000-1500 mg/m? IV over 3h q12h d1-3 (500-1000 mg/m? in patients = 60y); with or without
daunorubicin 60 mg/m? IV d1-3; idarubicin 8-10 mg/m? IV d3-5; or mitoxantrone 8-10 mg/m? IV d1-3

Fludarabine 30 mg/m? IV d2-6; cytarabine 1500-2000 mg/m? IV over 3h, starting 4h after fludarabine
infusion, d2-6; idarubicin 10 mg/m2 IV d2-4; G-CSF 5 pg/kg SC d1-5; additional G-CSF may be
administered starting 7 d after end of chemotherapy until WBC count > 0.5 X 107/L

Consider dose reduction in patients =60 y: fludarabine 20 mg/m?; cytarabine 500-1000 mg/m?;

MEC Mitoxantrone 8 mg/m? IV d1-5; etoposide 100 mg/m? IV d1-5; cytarabine 1000 mg/m? IV d1-5

Cladribine 5 mg/m? IV d1-5; cytarabine 2000 mg/m? IV d1-5 (starting 2h after cladribine infusion);
mitoxantrone 10 mg/m? IV d1-3; G-CSF 300 pg SC d0-5

Consider transplantation for patients with primary refractory disease, for patients in second CR (or CRh,
CRi) or with major cytoreduction but still active disease following salvage therapy. Consider second
transplantation under certain conditions. Perform early HLA typing.

Salvage options if not a candidate for intensive chemotherapy

Gilteritinib (AML with FLT3
mutation)Tt

Ivosidenib (AML with IDH1
mutation)ff

Enasidenib (AML with IDH2
mutation)®

120 mg PO QD d1-28, g4 wk, until disease progression
500 mg PO QD d1-28, g4 wk, until disease progression

100 mg PO QD d1-28, g4 wk, until disease progression

CIV, continuous IV; IDAC; intermediate-dose cytarabine; PO, per os; QD, once daily; SC, subcutaneously.

*Results from assessment of MRD should be taken into account for selecting the appropriate consolidation therapy.

tin the trial that led to the regulatory approval of midostaurin for FLT3-mutated AML, consolidation cycles included high-dose cytarabine at 3000 mg/m?, whereas intermediate
dose levels of cytarabine (1000-1500 mg/m?) are nowadays more commonly applied in AML therapeutics.

1The value of maintenance treatment with midostaurin remains uncertain.

§Alternative active frontline induction regimens that are sometimes used include FLAG-IDA (defined below under common salvage regimens).

||[Data regarding the role of oral azacitidine maintenance therapy in younger patients (< 55 y) or patients with core-binding factor AML are lacking; in addition, data are lacking for

oral azacitidine after GO-based or CPX-351 induction/consolidation therapy.

fData in younger adult patients (< 60 y) and for AML post myeloproliferative neoplasm are lacking. No benefit compared with “7 + 3" induction was shown in patients with

antecedent MDS with prior hypomethylating agent exposure.

#Regimens containing higher doses of cytarabine are generally considered as the best option for patients not responding to a first cycle of “7 + 3.” Single-agent IDAC should not
be used in patients relapsing within 6 mo following consolidation with higher doses of cytarabine.

**|darubicin may be replaced by mitoxantrone 10 mg/m? IV d2-4 (FLAG-MITO); or by amsacrine 100 mg/m? IV d2-4 (FLAG-AMSA).

TtGilteritinib as a salvage option has only been validated in a randomized trial after prior intensive chemotherapy.

}#Based on single-arm data.

?Although enasidenib did not show improved overall survival in a randomized study in comparison with conventional therapy in late-stage IDH2-mutant AML, clinically useful single-

agent anti-leukemic activity has been demonstrated.

Relapse after transplant

Ninety percent of those who relapse after an allogeneic HCT for
AML do so by 2 years. The outcome of patients with morpho-
logic relapse within the first 12 months is very poor, although a
rapid taper of immunosuppression or donor lymphocyte infusion
may salvage a proportion of patients with early molecular or
cytogenetic relapse.®>'8 For patients relapsing after an alloge-
neic HCT for FLT3-mutated AML, giltertinib is the preferred
treatment option with evidence of an emergent FLT3 mutant
clone. In the pivotal study, giltertinib improved survival in
patients with early relapses and was at least equivalent com-
pared with intensive chemotherapy in relapses occurring beyond
6 months.'%1*% Azacitidine, with or without donor lymphocyte
infusion, and venetoclax-based salvage regimens may produce
remissions in a small proportion of patients with less toxicity
than intensive chemotherapy.'®” Those who achieve a second
CR can sometimes still be cured with either donor lymphocyte
infusion or a second allograft.'®®

2022 ELN AML RECOMMENDATIONS

Clinical trials

It is recommended to enroll patients with AML onto clinical trials
whenever a suitable trial opportunity is available. Real-time avail-
ability of rapid biomarker screening has become a basic require-
ment to enable timely enrollment of patients to clinical trials
targeting defined AML subpopulations. Routine biobanking of
patient samples should be standard practice to maximize clinical
research.

Trial design

The execution of clinical trials for drug development in AML has
become progressively challenging. There is an increasing num-
ber of novel AML therapeutics that warrant evaluation of safety
and efficacy, in single agent and combination format, with many
requiring prospective allocation to biologically defined geno-
types. As AML is already a relatively rare disease, timely comple-
tion of adequately powered phase 3 clinical trials within smaller
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Table 11. Selected treatment options for patients not suitable for intensive chemotherapy*

Regimen Recommended dosing

Azacitidine or decitabine +
venetoclaxt,t

Azacitidine 75 mg/m? SC/IV d1-7 (alternatively d1-5 + d8-9) or decitabine 20 mg/m? IV d1-5; venetoclax
dose ramp up: 100 mg d1, 200 mg d2, 400 mg PO QD d3-28

e Adjust venetoclax dose if concurrent strong CYP3A4 inhibitors: 10 mg on d1, 20 mg on d2, 50 mg
on d3, 100 mg (or lesst) PO QD from d4
e For venetoclax dose modifications and management of myelosuppression see Table 12

Low-dose cytarabine +

venetoclaxt, 600 mg d4-28 PO

Cytarabine 20 mg/m? SC daily, d1-10; venetoclax dose ramp up: 100 mg d1, 200 mg d2, 400 mg d3,

e Adjust venetoclax dose if concurrent strong CYP3A4 inhibitors: 10 mg d1, 20 mg d2, 50 mg d3,
100 mg (or lesst) PO QD d4-28
e For venetoclax dose modifications and management of myelosuppression see Table 12

Azacitidine + ivosidenib

(AML with IDH1 mutation) both g4 wk, until progression

Azacitidine 75 mg/m2 SC/IV d1-7 (alternatively d1-5 + d8-9); ivosidenib 500 mg PO QD d1-28;

Ivosidenib (AML with IDH1

mutation) considered

For very frail patients, ivosidenib 500 mg PO QD d1-28 as monotherapy, until progression may be

Best supportive care
any therapy

Including hydroxyurea; for patients who cannot tolerate any anti-leukemic therapy, or who do not wish

*For instance, criteria that have been used in clinical trials to select patients not suitable for intensive chemotherapy have been as follows: (1) age =75 y (however, this cannot be an
absolute criterion; for instance, patients with more favorable disease and without relevant comorbidities may derive benefit from intensive chemotherapy) or (2) ECOG performance
status > 2 and/or age-related comorbidities, such as severe cardiac disorder (eg, congestive heart failure requiring treatment, ejection fraction = 50%, or chronic stable angina),
severe pulmonary disorder (eg, DLCO = 65% or FEV1 = 65%), creatinine clearance < 45 mL/min, hepatic disorder with total bilirubin > 1.5 times the upper limit of normal, or any
other comorbidity that the physician assesses to be incompatible with intensive chemotherapy.

+To reduce the risk of tumor lysis syndrome, the prophylactic use of uric acid lowering drugs, close electrolyte monitoring and cytoreduction of the WBC to < 25x 107/L or even

lower, for patients with high bone marrow blast burden, elevated LDH is recommended.

$In the VIALE-A and VIALE-C trials, an adjusted venetoclax dose of 50 mg was used in the presence of a strong CYP3A4 inhibitor. This venetoclax dose is supported by a

pharmacokinetic study examining venetoclax in the presence of posaconazole.?%’

disease subsets has become more challenging, highlighting the
growing need for intercontinental trials.

Early-phase clinical development

Innovation in clinical trial design is needed. Phase 1 exploration
of new AML drugs in the relapsed/refractory setting remains a
formidable task, with high levels of drug resistance, rapid dis-
ease progression, and complications related to severe cytope-
nias representing key hurdles to success. In such settings, a
pharmacodynamic primary end point verifying the drug's pro-
posed mechanism of action may represent an appropriate
objective during the single agent dose-finding stage, followed
by rapid transition to combination testing to demonstrate clinical
efficacy. In phase 2, multiarm biomarker-stratified studies permit-
ting parallel investigation of several drugs simultaneously will
facilitate more efficient screening of new drugs and combina-
tions for clinical activity.'®

Phase 3 trials

Randomized trials are the comerstone of drug approval, espe-
cially in newly diagnosed patients. Accelerated recruitment to
such trials is of central importance to improvements in outcome
for patients with AML and yet paradoxically this remains a noto-
riously slow process. For example, the regulatory approval of
midostaurin in 2017 for FLT3-mutant AML using OS as the pri-
mary study end point took almost a decade. The increasing
number of new therapies in AML coupled with genomic stratifi-
cation is creating significant challenges to the timely recruitment
of patients to practice informing trials. As more effective sal-
vage therapies are now available, the OS end point is compli-
cated further by subsequent lines of AML-directed therapy;
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crossover of patients from the control arm to novel agents has
confounded the interpretation of OS increasingly in compara-
tive studies (see "Outcome measures”). EFS as a primary study
end point will not only eliminate the confounding effect of
poststudy therapies, but as an additional advantage, it will
shorten study completion timelines. In this regard, the use of
the restricted “traditional” CR as one of the key events in EFS
has become subject of debate. Because of frequent myelosup-
pression with novel drug combinations, and in addition, the
need to proceed with therapy before full hematologic recov-
ery, from a therapeutic point, it has become increasingly unre-
alistic to consider failure to attain CRh/CRi as events in EFS
estimates even though the level of survival after CRh/CRi may
be below that following CR."®" Another way of expediting ear-
lier assessment of drug efficacy is to base outcomes on stan-
dardized MRD measurements.®’ To facilitate incorporation of
MRD as an efficacy end point, CR (or CRh/CRi) with MRD
response and EFS with molecular MRD relapse as an event rep-
resent promising new study end points. This will allow for direct
comparisons between the quantitative depth of response of
investigational and reference therapies as indicators of relative
therapeutic value.

Acceleration of drug development could also benefit from using
a validated control population, thus omitting the concurrent stan-
dard control arm so that all patients recruited to the trial receive
investigational therapy. To realize such an approach, a well anno-
tated and contemporary external reference cohort is required
and efforts to establish real-world databases for this purpose are
being explored. Finally, it remains of utmost importance to over-
ride geographic and interstudy group barriers and continue
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Table 12. Novel agents: management of selected adverse events

AE requiring special attention

(incidence all grades) Management
Midostaurin QT prolongation (10%) Dose interruption/reduction, substitution of QT prolonging
co-medication if possible, otherwise additional ECG controls
Gilteritinib Transaminase elevation (81%) Dose interruption/reduction (if grade = 3)
QT prolongation (9%) Dose interruption/reduction, substitution of QT prolonging
co-medication if possible
PRES (1%) Discontinuation
Ivosidenib Differentiation syndrome (25% single Dexamethasone, hydroxyurea for co-occurring leukocytosis,
agent, 17% in combination with Dose interruption/reduction
azacitidine)
QT prolongation (21% single agent, Dose interruption/reduction, substitution of QT prolonging
26% combination with azacitidine) co-medication if possible
Enasidenib Differentiation syndrome (14% single Dexamethasone, hydroxyurea for co-occurring leukocytosis,
agent, 10% in combination with Dose interruption/reduction
azacitidine)
Bilirubin elevation (81%) Dose interruption/reduction
Gemtuzumab Transaminase elevation (24.5%)* Dose interruption/reduction
ozogamicin Bilirubin elevation (13%)*
VOD/SOS (2.9-4.6%) Dose interruption, supportive care, fluid management, possibly
defibrotide
Venetoclax Neutropenia Early response assessment, eg, on day 14-21 of cycle 1, if bone
Thrombocytopenia marrow blasts < 5%, cease venetoclax for up to 14 d to allow count

recovery to = CRh. If neutropenia does not recover with 7 d of
ceasing venetoclax, addition of G-CSF may augment recovery.

Subsequent cycles: azacitidine 75 mg/m? SC/IV d1-7 (or d1-5 + d8-9)
or decitabine 20 mg/m? IV d1-5 plus venetoclax 400 mg QD, or
LDC 20 mg/m? SC d1-10 plus venetoclax 600 mg QD g4 wk until
progression.

Delayed count recovery or recurrent treatment-emergent grade 4
neutropenia/thrombocytopenia lasting = 7 d require reductions in
the duration of administered venetoclax (from 28 to 21 or 14 d, or
even less) and/or reductions in the dose of azacitidine, decitabine,
or LDC if severe bone marrow hypoplasia.

Tumor lysis syndrome Dose ramp up in cycle 1; hydration, the prophylactic use of uric acid
lowering drugs, close electrolyte monitoring and reduction of WBC
to < 25 X 107/L (< 25000/pL) is recommended.

e Moderate CYP3A inhibitors (eg, ciprofloxacin): reduce the
venetoclax dose by at least 50%; ramp-up phase: 50 mg on d1,
100 mg on d2, 200 mg PO QD from d3

e Strong CYP3A inhibitors (eg, posaconazole): ramp-up phase:

10 mg on d1, 20 mg on d2, 50 mg on d3, 100 mg (or lesst)2%”
QD PO from d4.

Interaction with CYP3A inhibitors

Glasdegib Muscle spams (15%) Dose interruption/reduction
QT prolongation (8.3%) Dose interruption/reduction, substitution of QT prolonging
co-medication if possible

CPX-351 Prolonged myelosuppressiont Consequent anti-infectious prophylaxis

CC-486/oral azacitidine Neutropenia (44%) Dose interruption/reduction, myeloid growth factors
Thrombocytopenia (33%)
Nausea (65%), vomiting (60%), Prophylactic anti-emetics

diarrhea (50%)

AE, adverse event; LDC, low-dose cytarabine; PRES, posterior reversible encephalopathy syndrome; SmPC, Summary of Product Characteristics; SOS, sinusoidal obstructive
syndrome, VOD, veno-occlusive disease.

*Single agent.

TMedian times to absolute neutrophil count = 0.5 X 10%/L (=500/pL) were 35 and 29 days; and median times to platelet count = 50 X 10%/L (=50000/uL) were 36.5 and 29 days
after CPX-351 vs "7 + 3,” respectively, in patients who achieved CR/CRi after initial induction chemotherapy.

FIn the VIALE-A and VIALE-C trials, an adjusted venetoclax dose of 50 mg was used in the presence of a strong CYP3A4 inhibitor. This venetoclax dose is supported by a
pharmacokinetic study examining venetoclax in the presence of posaconazole.””’
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efforts to stimulate the formation of “global” alliances and net-
works to expedite completion of registration-enabling clinical
studies within a markedly condensed time window.

New therapies

Clinical investigation of new therapies and new combinations is
of critical importance in continuing to improve AML patient out-
comes.'™ Drug development strategies have focused until now
primarily on single-agent dose finding studies in the relapsed
setting, which have led to successful approvals of targeted ther-
apies, such as FLT3, IDH1, and IDH2 inhibitors, and is the pat-
tern for the current evaluation of menin inhibitors for patients
with KMT2A rearrangements or NPM1 mutations,'%%:151:152.191

Other agents (ie, epigenetically targeted therapies) and immu-
notherapy approaches including bi-specific T-cell engaging anti-
bodies, checkpoint inhibitors, and chimeric antigen receptor
T cells or natural killer cells are likely to be most effective in the
setting of MRD, in frontline, or early salvage combination
approaches.'?192193 Although of limited single agent activity,
the CDA47 inhibitor magrolimab has demonstrated preliminary
activity in combination with azacitidine in patients with newly
diagnosed MDS and AML, even in the setting of TP53-mutated
disease. Trials of various inhibitors of the CD47-SIRP-a macro-
phage checkpoint are currently under various stages of early
clinical evaluation.'™*

Due to the changing therapeutic environment, which now
includes HMAs in combination with small molecule inhibitors like
venetoclax or targeted therapies, future development of frontline
combinations is now more complex. The evaluation of so-called
“triplet” therapies is an increasingly common clinical trial design
for “chemotherapy-ineligible” patients, which involves the evalu-
ation of a third agent (either approved or investigational) to the
HMA and venetoclax “backbone.” New combination trials in
intensive chemotherapy eligible patients typically involve the
incorporation of a new target or agent in combination with
standard chemotherapy, such as the ongoing clinical trials of
the FLT3 inhibitor gilteritinib with standard “7 + 3" vs “7 + 3"
and midostaurin or the spleen tyrosine kinase (SYK) inhibitor
with “7 + 3" vs "7 + 3" alone for NPM1-mutant AML.

In addition, oral formulations of the HMAs are now approved for
AML maintenance (oral azacitidine)'®" and high-risk MDS (oral
decitabine/cedazuridine),’”  respectively, and given the
increased patient convenience of oral formulations, it is likely
that these agents will be increasingly used in future HMA-based
combination trials.

Management of special situations

and supportive care

A white blood cell count (WBC) > 100 X 10%/L is generally
defined as hyperleukocytosis and associated with increased
induction mortality mainly due to hemorrhagic events, tumor lysis
syndrome, and the risk for clinical leukostasis syndrome.'?
Hydroxyurea (up to 50-60 mg/kg per day) is most commonly
used to lower the WBC below 25 X 10%/L, particularly before
the commencement of HMA- or venetoclax-based treatments.
Clinical leukostasis syndrome is a medical emergency requiring
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the WBC to be promptly lowered without delay by either
hydroxyurea or planned induction therapy and a restrictive trans-
fusion policy for red blood cells. Retrospective studies suggest a
beneficial effect of dexamethasone, which may counteract effects
of leukostasis."”” Although leukapheresis may be performed in
parallel with chemotherapy in patients with leukostasis syn-
drome,"® current evidence does not support the use of leuka-
pheresis in asymptomatic patients with hyperleukocytosis.??2%

Other special situations requiring therapeutic intervention are the
presence of disseminated intravascular coagulation (DIC), tumor
lysis syndrome, and differentiation syndrome. DIC can be
screened for using a scoring system and is present in 8.5% to
25% of patients with non-APL, with another ~15% also
developing DIC soon after the initiation of chemotherapy.?'
Special attention to tumor lysis syndrome is required in patients
with hyperleukocytosis or with venetoclax-based treatments
(Table 12). Close monitoring for signs of differentiation syndrome
such as unexplained fever, lung edema, weight gain, pulmonary
infiltrates, hypoxia, and dyspnea is necessary, particularly in
patients on treatment with IDH inhibitors.?*?

Supportive care

Anti-infectious prophylaxis

For prophylaxis and treatment of infections, prevailing institu-
tional infectious organisms and their drug resistance pattern
should be considered primarily. There is good evidence to rec-
ommend antifungal prophylaxis with posaconazole during remis-
sion induction therapy,?® whereas there is not enough evidence
from randomized trials on antiviral prophylaxis for herpes sim-
plex virus in patients with acute leukemia,®* and no evidence
for a beneficial effect of Pneumocystis jirovecii pneumonia pro-
phylaxis. For prophylaxis of infectious disease in the setting of
allogeneic HCT, we refer to respective guidelines.?®®

Vaccination for influenza®® and COVID-19 viral infections is
recommended for all patients to reduce the risk of severe infections.

The use of growth factors is not routinely recommended unless
in individual patients (eg, in case of severe infections) or particu-
lar treatment settings (eg, to reduce the hematologic recovery
times in consolidation cycles).12212

Transfusions

The availability of several effective novel agents may lead to a
higher proportion of patients treated on an outpatient basis. If
blood count checks are not possible at regular intervals in the
outpatient setting, platelet and hemoglobin transfusion triggers
should be elevated to ensure adequate support until the next
outpatient visit. Besides the platelet count, mucosal bleeding,
infection, severe mucositis, and fever should be considered in
the assessment of bleeding risk and should increase the platelet
level transfusion threshold. Otherwise, it is generally accepted to
keep the hemoglobin level above 8 g/dL, and a platelet count of
<10 x 10%/L remains the trigger for prophylactic platelet
transfusions.
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