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Summary Recent years have provided progress for
the treatment of acute myeloid leukemia (AML) pa-
tients by translating insights from basic research on
AML biology into new drugs and concepts. The latest
developments presented at the 2022 annual meeting
of the American Society of Hematology (ASH) are cov-
ered in this review, including discussion of new classi-
fications, treatment of elderly unfit patients, and new
approaches towards allogeneic transplantation.
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Introduction

The 2022 annual meeting of the American Society of
Hematology (ASH) in New Orleans provided a stage
to present and discuss (gratefully face-to-face, but
also on virtual platforms) numerous new scientific
achievements including the field of acute myeloid
leukemia (AML). As there was no single presentation
on data forming the basis for immediate transfer into
new therapeutic approaches, choice of abstracts for
this report was difficult and subjective. Three top-
ics were selected, and an apology needs to be made
for those that cannot be mentioned. This review will
cover the ongoing discussion on new systems for clas-
sification and risk assessment, shed some light on the
present standard and future prospects for elderly un-
fit patients, and finally discuss a potential paradigm
shift in stem cell transplantation for AML.
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New classifications and risk assessment
proposals—a way out of the confusion?

The year 2022 saw the publication of two different
proposals for improved AML classifications by the
WHO (World Health Organization) and ICC (Interna-
tional consensus classification) groups [1, 2] as well
as an updated ELN (European Leukemia Net) risk
classification [3]. Names and definitions for proposed
modified and also new entities differ from previous
systems—which might provide progress—but also
between the proposals, which confers a consider-
able amount of confusion and impedes comparison
of studies and reports. At ASH, several groups at-
tempted to evaluate these proposals. An example
is the evaluation of 1451 AML and myelodysplastic
syndrome (MDS) patients from the Munich Leukemia
Laboratory (MLL) [4]: Besides the new ICC category
of MDS/AML, comprising patients with 10–19% bone
marrow blasts (n= 137), the proportion of AML (WHO
n= 746) and MDS (WHO n= 705) remains relatively
unchanged. Only a small number of patients (~1%)
will be differently classified as AML or MDS based
on the phrasing of the definitions. For WHO 2022
vs WHO 2016, the percentage of genetically defined
patients remains relatively unchanged at about 65%,
albeit with a new composition due to new (KMT2A,
MECOM, NUP98, “other”) and abandoned (RUNX1)
genetic definitions. The proportion of patients with
MDS-associated genetic changes now termed “AML-
myelodysplasia related” by WHO 2022 increases from
22% to 28%, and of only morphologically defined
subtypes decreases from 13% to 5%. The authors
concluded that basic concepts of classification are
similar between WHO 2022 and ICC, both emphasiz-
ing the genetic basis for definitions. Unfortunately,
differences in the exact diagnostic criteria lead to non-
comparable diagnoses in a subset of patients. As it is,
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use of two different classifications in parallel carries
an inherent risk for patients, physicians, and clinical
researchers. Formulation of a unified commonly ac-
cepted classification is an important goal for the near
future. This should re-establish data comparability
for use in routine and research clinical settings.

Risk assessment has also seenmodification in 2022.
Major changes in the new ELN risk classification are
the exclusion of the FLT3-ITD allelic ratio, modifica-
tion of the consideration of the context of NPM1 mu-
tations, categorization of in-frame mutations affecting
bZIP of CEBPα regardless of monoallelic or biallelic
as favorable risk and finally inclusion of myelodys-
plasia-related gene mutations within the adverse risk
group; mutations in IDH1/2 or DNMT3A are still not
classified [3]. A comparison of old and new ELN risk
criteria was performed in 624 AML patients under-
going standard chemotherapy induction and consol-
idation, yielding a CR rate of 83.3% and a rate of al-
logeneic transplant of 44.9% [5]. In all, 134 patients
were reclassified; each of the risk groups had a sig-
nificant prognostic difference for overall survival (OS;
P< 0.001) and event-free survival (EFS; P<0.001). The
authors concluded that the ELN 2022 guideline was
superior to the ELN 2017 for risk stratification and
better predicted the prognosis of patients with AML
in the real world.

It is important to apply classification and risk as-
sessment systems to patients that are comparable
to those from which the systems were derived from,
especially in terms of treatment. This crucial point
was emphasized by an exploratory post hoc analysis
on predictive markers including the ELN risk crite-
ria for outcomes of patients treated with venetoclax
and azacitidine in the pivotal phase 1b and III tri-
als. ELN risk groups, based on younger patients who
received IC, are not prognostic in patients receiv-
ing venetoclax plus azacitidine; there was little OS
distinction between favorable and intermediate risk
groups, whereas the adverse risk ELN groups could
be further refined. Mutational status of four genes
(FLT3-ITD, KRAS, NRAS, and TP53) yielded higher
prognostic power. Three prognostic risk signatures
indicate higher benefit, intermediate benefit, and
lower benefit [6].

As many patients with NPM1 mutations carry at
least three gene mutations, further refinement by in-
cluding the prognostic values of these co-mutations
could be helpful, machine learning was used to pro-
vide further insight. Researchers from the European
Harmony Alliance analyzed co-mutational pattern in
1093 intensively treated adult patients with NPM1-
mutated AML [7].

FLT3-ITD+DNMT3A as co-mutation was associ-
ated with adverse prognosis (2-year OS 33%, similar
to TP53 mutated), whereas FLT3-ITD+ IDH co-mu-
tations in the absence of DNMT3A mutation had an
excellent prognosis (2-year OS 80%), IDH+DNMT3A
co-mutations decreased OS toward intermediate risk

(2-year OS 59%). A decision tree including additional
parameters as a practical tool was proposed.

Common baseline of the discussion on classifica-
tion and risk assessment was the hope and expecta-
tion that the future will see further refinement and
improvement in hopefully unified generally applica-
ble tools.

Update of venetoclax+ azacitidine and future
prospects

For the phase 3 VIALE-A trial (azacitidine plus veneto-
clax or placebo) that established the present standard
first-line treatment for elderly unfit AML patients,
long-term follow-up data with two additional years
of follow-up including a 100% OS analysis were pre-
sented [8]: toxicity and efficacy data were confirmed.
Due to toxicity, venetoclax duration was reduced in
responders to ≤21 days in 76%, and cycle delays were
needed in 91.1%. OS data for the whole population
were confirmed with median 14.7 months for the
combination versus 9.6 months for azacitidine alone.
Duration of CR, CR+CRi, and OS in some subgroups
were longer at this 100% OS analysis than at the 75%
OS analysis: with azacitidine plus venetoclax, median
OS for patients with MRD <10–3 was 34.2 months, and
median OS for patients with IDH 1/2 mutations was
19.9 months. In conclusion, these data confirmed the
long-term survival benefit for patients treated with
azacitidine plus venetoclax.

As this combination is associated with considerable
toxicity—especially hematotoxicity—a retrospective
study by French hematologists evaluating reduced
intensity for this protocol limiting venetoclax expo-
sure to 7 days per cycle is of interest [9]: the authors
reported 82 treatment-naïve patients of which 29.3%
had comorbidities defined as exclusion criteria in
the VIALE-A study. Reporting lower toxicity, over-
all OS was shorter compared to the VIALE-A results,
although for those patients that might have been in-
cluded in VIALE-A a comparable OS of 13.8 months
was found. Obvious limitations are lower patient
numbers and the study design, but this concept mer-
its further exploration in randomized trials.

Ongoing further trials focus on triplet therapies in-
cluding venetoclax and azacitidine or the combina-
tion of chemotherapy with venetoclax:

In younger first-line patients, venetoclax combined
with cladribine, idarubicin, cytarabine (CLIA) as in-
duction therapy is being tested yielding high response
rates albeit associated with considerable toxicity [10].
The phase 1b CAVEAT study for elderly patients (me-
dian age 71) was updated at ASH [11]: Here, shorter
venetoclax administration is combined with a modi-
fied 2+5 protocol. CR rate was 73% (for de novo AML
90%) and median OS 15.4months (31.3 months for
de novo patients) — a randomized trial is planned.

For relapsed/refractory patients, an update on the
phase IIb study of venetoclax with FLAG-IDA (median
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2 cycles) was presented [12]. Compared to histori-
cal controls of FLAG-IDA alone ORR (60%) and CRc
rate (53%) were improved at the cost of substantial
toxicity. Among responding patients, 68% could sub-
sequently undergo allogeneic transplantation. Unfor-
tunately, no effect was seen in TP53-mutated patients
who still hvae a poor outcome with all available ther-
apies.

Triplets complementing azacitidine plus venetoclax
with biologicals could potentially provide additional
efficacy without or only low additional toxicity. Com-
binations discussed at ASH included the anti-CD47
antibody magrolimab or the anti-CD123 conjugate
pivekimab sunirine for all-comers and gilteritinib for
FLT3-mutated patients [13–15]. These phase 1 tri-
als are hypothesis generating but need follow-up for
definitive judgements.

Generally, response rates in early trials may not
translate into OS benefit within randomized compar-
ison. Examples from the FLT3-mutated setting in-
clude the Lacewing study testing the combination of
azacitidine with gilteritinib [16]. Whereas the combi-
nation yielded significantly higher CRc rates, similar
OS was observed. Therefore, it remains to be tested
whether the doublet venetoclax+ gilteritinib that re-
cently reported high mCRc and FLT3 molecular re-
sponse rates regardless of prior FLT3 inhibitor expo-
sure translates into an OS benefit [17]. Of general
interest is the observation that also FLT3 wild-type
patients may benefit from FLT3-targeting drugs such
as gilteritinib as venetoclax synergizes with gilteritinib
and by suppressing MCL-1 decreases venetoclax resis-
tance also in FLT3 wild-type AML [18].

Paradigm shift for relapsed/refractory AML
planned for allogeneic transplantation?

One of the general hot discussion topics at ASH
2022 was related to AML: In the Plenary Session’s
fourth presentation, results of the ASAP phase III trial
were discussed [19]. This study challenges the com-
mon concept that complete remission—ideally MRD
negative—is prerequisite for a favorable outcome of
salvage allogeneic transplantation and that relapsed/
refractory AML patients benefit from an attempt
to induce CR by intensive chemotherapy. Techni-
cally, previous studies had shown that a transplant in
aplasia after induction is feasible. In a randomized
phase 3 trial, sequential conditioning and immediate
allogeneic stem cell transplantation was compared
to intensive remission induction chemotherapy fol-
lowed by allogenic transplant. Relapsed or refractory
patients aged 18–75 years, fit for intensive treatment
with an HLA compatible donor, could be included. In
the remission induction strategy arm (RIST), patients
were treated with HAM and subsequent transplant.
In the so-called disease control arm (DISC), watch-
ful waiting was recommended, LDAC or single doses
mitoxantrone were allowed prior to sequential con-

ditioning and transplant. Primary endpoint was CR
at day 56 after transplant; statistical goal was non-
inferiority. A total of 281 patients (183 refractory,
98 after relapse) with a median 30% bone marrow
blasts were included. In all, 272 were treated per
protocol (138 DISC/134 RIST): 24% of DISC patients
needed disease-control measures, while 46% of RIST
patients achieved CR after HAM. At 24 weeks, 98%
and 96% of patients were transplanted (DISC/RIST,
respectively), in the RIST arm irrespective of remis-
sion status. Median time to transplant was longer
with RIST versus DISC—median 8 versus 4 weeks,
adverse events and hospitalization rates before trans-
plant were significantly higher with RIST. CR at day
56 after transplant was 84.1% in the DISC and 81.3%
in the RIST group (p= 0.047), 1-year LFS from CR at
day 56, and 1- and 3-year OS were not significantly
different. There were no differences by biology; only
younger age favored RIST. The authors concluded
that salvage with HAM before allogeneic transplant
did not result in a higher overall success rate and
did not confer a survival advantage. Watchful waiting
followed by sequential conditioning and allo-HCT
resulted in comparable overall CR rates and survival
with fewer days spent in hospital. Morphological CR
at time of transplant seemed to be less important than
previously perceived and MRD not a prerequisite for
outcome. Several limitations and caveats need to be
taken into account. Refractory patients were included
after a single induction, whereas a second cycle might
have led to remission. There is a possible selection
bias by including less proliferative disease due to the
design of the DISC arm. A variety of conditioning
regimens (including RIC) was used limiting compa-
rability. The choice of HAM as salvage regimen can
be debated because alternative schemes such as Ida-
FLAG which are widely used and novel agents such as
venetoclax were not included, thus, limiting general-
izability of claims. Finally, the trial was not formally
powered for overall survival and longer-term follow-
up is needed. Nevertheless, this study has the poten-
tial to change practice at least for some patients and
is certainly a driver for further studies and analyses.
From a logistic point of view, the data stress the need
for rapid evaluation of patients and identification of
potential donors as time to transplant seems crucial
in many settings.

Concluding remarks

Due to limited space many acute myeloid leukemia
(AML) topics with potential interest presented at ASH
could not be covered. These include papers on classic
chemotherapy, immunotherapy, new targeted-treat-
ment approaches, personalized medicine, and also
patient-related topics. Commitment for improving
AML care for all patients, young and old, fit and unfit
is the common thread of all efforts and holds promise
for AML future.
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