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abstract

PURPOSE Acute myeloid leukemia (AML) is the most prevalent acute leukemia in adults and is responsible for
the majority of cancer-related mortality. In Saudi Arabia, leukemia is ranked the fifth most prevalent type of
malignancy in adults. Our aim is to review existing epidemiologic data in Saudi Arabia and develop consensus
guidelines for management of AML.

METHODSWe review literature related to AML epidemiology, treatment patterns, and outcomes in Saudi Arabia,
as well as literature related to the current advances in AML treatment. A panel of 10 experts from eight in-
stitutions in Saudi Arabia reviewed the literature and developed a consensus statement.

RESULT We provide an update of the available AML epidemiologic data in Saudi Arabia and describe recent
developments in the diagnostic workup, risk stratification, and treatment algorithm. The consensus recom-
mendations for the management of AML in Saudi Arabia were developed.

CONCLUSION The recommendations are in parallel with the recent international guidelines for the diagnosis and
management of AML.
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INTRODUCTION

Acute myeloid leukemia (AML) is a malignant disorder
of the hematopoietic stem cells and progenitor cells,
characterized by the progressive clonal expansion of
abnormally immature myeloid cells within the bone
marrow and peripheral blood. This results in the im-
pairment of normal hematopoiesis and progressive
marrow failure, which is usually fatal if left untreated.1

The advances in AML treatment and our under-
standing of AML have significantly improved the sur-
vival of younger patients diagnosed with AML.
However, the prognosis for elderly patients with AML is
still poor, with a 1-year survival of , 30%.2,3 The
current treatment landscape of AML includes induc-
tion chemotherapy, followed by a consolidation
strategy using either chemotherapy or allogeneic he-
matopoietic cell transplantation (allo-HCT). Navigating
the current landscape of new therapeutic develop-
ments for AML is a major challenge, because of the
rapidly expanding volume of data generated over the
past few years. In this paper, we review the current
state of the art in the practices related to AML

diagnosis, risk stratification, and treatment updates.
We describe some of the challenges related to the
management of AML in Saudi Arabia and present
summary recommendations in the context of available
resources and the institutional variation to optimize the
management.

CONSENSUS DEVELOPMENT

The panel consists of 10 members with clinical ex-
pertise in AML from eight institutions in Saudi Arabia.
The first meeting of the panel was held during the
Saudi Society of Blood and Marrow Transplantation
meeting held in 2020. The members searched the
literature and produced a consensus statement.

EPIDEMIOLOGY AND BURDEN OF AML IN SAUDI ARABIA

The global incidence rate of AML ranges from 0.9 to
2.8 per 100,000 population in males and 0.4-2.2 per
100,000 population in females.4 In 2020, 19,940 new
cases were estimated in the United States alone, giving
an age-adjusted annual incidence rate of 4.3 per 100,
000 population and an estimated lifetime risk of de-
veloping AML of 0.5%.5 The incidence of AML is
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believed to be broadly similar across European countries, at
3.5 cases per 100,000 population per year.6 According to
the Saudi Cancer Registry (SCR) in 2016, the age-
standardized rate of leukemia was 3.6 per 100,000 in
males and three per 100,000 in females. AML was diag-
nosed in almost 17% and 25% of male and female leu-
kemia cases, respectively, with actual reported numbers of
59 males and 70 females.7 The incidence of AML varied
slightly per region in Saudi Arabia, with the highest rate in
the Eastern Region.8 AML is considered a disease of the
elderly population. In the United States, the median age at
diagnosis of AML ranged from 62 to 68 years.9 A similar
range was observed in Europe and Canada.10,11 However,
AML is more prevalent in patients younger than 60 years old
in countries such as Brazil and Algeria.12,13 In Saudi Arabia,
the median age at diagnosis of AML appears to be lower
than that reported for the United States and Europe, al-
though the evidence base to support the assumption is
limited to single institution experiences.14,15 Although there
is no published accurate estimate of AML ranking in
comparison with other cancers, leukemia, in general, is a
public health burden in Saudi Arabia and ranked as the fifth
most prevalent type of cancer.7 Over the past 15 years, the
incidence of leukemia increased steadily in the different
age groups.8 There is a lack of studies investigating the
economic cost and burden of AML in Saudi Arabia.
However, AML is globally known to be associated with high
cost and a major economic burden, primarily because of
the need for prolonged hospitalization, treatment of com-
plications, and the associated medical procedures, such as
allo-HCT.16 The current local literature may not be repre-
sentative of the AML epidemiology in Saudi Arabia. The only
reliable source is the SCR. It should be noted that the data
provided by the SCR are probably underestimated, possibly
because of some peripheral hospitals not having the di-
agnostic capabilities to evaluate patients with suspected
AML, or the patient being unfit for invasive diagnostic

procedures, or only fit patients are referred and accepted in
tertiary hospitals for the evaluation and management of
AML and subsequently recorded in the SCR. In addition,
many of the referring physicians at peripheral hospitals may
not be aware of the latest advances in the treatment of AML
for the unfit group, resulting in a lower referral rate to tertiary
hospitals.

Panel consensus: The panel agreed that local literature
may not be representative of the AML epidemiology in
Saudi Arabia. The panel recommends a national and
unified registry for AML to improve our understanding of the
epidemiology. Also, the panel recommends outreach
campaigns to peripheral hospitals to increase the aware-
ness and the level of knowledge regarding recent advances
in AML, to overcome the challenges related to the diagnosis
and management of the older unfit AML population.

CHALLENGES OF AML MANAGEMENT IN SAUDI ARABIA

The panel acknowledges some unmet needs in the man-
agement of AML. Currently, the data related to the burden
of the disease and local epidemiology are scarce. Although
the establishment of an electronic referral system resulted
in rapid access for patients with AML to a tertiary hospital for
advance care, many elderly unfit patients, not eligible for
allo-HCT, are persistently treated at local hospitals, which
might not be equipped to treat such patients. Next-
generation sequencing (NGS)–based molecular testing is
not available at many hospitals treating patients with AML,
compelling the hospitals to send samples to a reference
laboratory outside the country, which delays the results.
Another important matter is the high cost of the newer AML
therapeutic agents, in addition to the lack of AML clinical
trials in Saudi Arabia, which limits patients’ access to novel
agents. The cost of health care is another challenge in the
management of AML cases. Adult patients with AML
usually require prolonged hospitalization during the

CONTEXT

Key Objective
Recent progress in acute myeloid leukemia (AML) understanding resulted in the approval of multiple novel agents. Navigating

treatment options for patients with newly diagnosed AML has become a challenging task, primarily because of limited
availability of novel agents and incomplete diagnostic workup to identify targeted mutations. Lack of disease local epi-
demiologic and economic data adds more complexity to inform local health care policies to prioritize options on the basis of
needs. In this review, available local epidemiologic data were reviewed and compared with international figures. Also, the
latest AML diagnostic and therapeutic updates were discussed.

Knowledge Generated
Multiple local challenges of AML management were identified, and potential solutions were recommended. Recommen-

dations for workup and management of AML were generated for local guidance on the basis of available published data,
local practice experience, and available resources.

Relevance
The development of local guidelines would unify the management approach of AML and optimize early patient referral.
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treatment cycles and frequent intensive care unit admis-
sion, increasing the economic burden.17

Panel consensus: The panel recommends broadening the
relationship between governmental health sectors and
pharmaceutical industries to increase clinical trials. In-
creasing the number of clinical trials, particularly industry-
sponsored clinical trials, would positively affect the practice
of medicine and increase the opportunity for patients to
access the latest pharmaceuticals and novel compounds at
an early stage. It should also indicate the suitability of some
of the novel agents in our patient population, as they are
under-represented in international clinical trials.

The panel recognizes the deficit of local economic studies
investigating the burden of AML. The recommendation is to
implement strategies to measure the economic impact of
AML and implement programs, for example, an outpatient
intensive chemotherapy clinic, to reduce the prolonged
hospital stay and cost burden.18

DIAGNOSIS AND RISK STRATIFICATION OF AML

Diagnostic Workup of AML

Although AML may be discovered accidentally during
routine blood tests, the majority of cases present with the
signs and symptoms of one or more forms of cytopenia,
including symptomatic anemia, bleeding, or infection. The
physical examination may reveal bruises or bleeding be-
cause of thrombocytopenia. Extramedullary disease can be
observed in some patients, including CNS involvement.19

Whenever indicated, imaging such as positron emission
tomography can be used to evaluate potential extra-
medullary disease. However, a biopsy from the suspected
site is essential to confirm the disease, as multiple factors
could result in a false-positive positron emission tomog-
raphy scan reading, such as infections and the use of
growth factor agents. Any neurologic signs or symptoms
should be evaluated through a diagnostic lumbar punc-
ture, once the blasts are reduced in the peripheral blood,
and magnetic resonance imaging of the brain. Lumbar
puncture can also be considered for patients presented
with monocytic differentiation or high white blood cell
count.20

The criteria for the diagnosis of AML depend on the number
of myeloblasts within the bone marrow or peripheral blood.
The 2016 revision of the WHO classification of myeloid
neoplasms and acute leukemia stated that the diagnosis of
AML is established when the myeloblasts represent at least
20% of the nucleated cells in the bone marrow (biopsy or
aspirate) or peripheral blood smear and at least 500 bone
marrow nucleated cells or 200 peripheral blood leukocytes
should be counted.21 Patients with AML-related recurrent
cytogenetic abnormalities, for example, t(8:21), are diag-
nosed as AML cases, irrespective of the blast count. The
identification of the myeloid lineage of blasts is done
through the visualization of Auer rods, positive myeloper-
oxidase staining, or, more frequently, the overexpression of

myeloid markers such as CD13, CD33, or CD117 by flow
cytometry.22 The presence of monocytic markers (such as
CD14, CD11c, or CD64) provides evidence of monocytic
differentiation of leukemic cells. Past medical history of
previous exposure to radiation or chemotherapy is impor-
tant to establish the diagnosis of therapy-related AML. A
history of myelodysplastic syndrome or myelodysplastic
and myeloproliferative neoplasm, in addition to other cri-
teria, is also important for establishing the diagnosis of AML
with myelodysplastic-related changes. The 2016 revision of
the WHO classification of myeloid neoplasms and acute
leukemia provides the full classification of AML.21 The
diagnostic workup that informs the risk stratification and
treatment approaches includes cytogenetics andmolecular
investigations.20,23 Various genetic testing techniques are
available to characterize the genetic alterations in patients
with AML. Conventional karyotyping can mainly identify
numerical abnormalities, and fluorescence in situ hybrid-
ization allows for high-resolution analysis of recurrent
structural chromosomal rearrangements, specific to AML.
Fluorescence in situ hybridization is mandatory if con-
ventional karyotyping failed to detect cryptic aberrations (ie,
inv16), specifically in AML with normal karyotypes.24 Mo-
lecular testing for certain genetic mutations such as FLT3
(internal tandem duplication [ITD] and tyrosine kinase
domain), using real-time quantitative polymerase chain
reaction, must be expedited to initiate the FLT3 inhibitor.
Other molecular studies to detect mutational genetic ab-
normalities are important for the risk stratification (TP53,
NPM1, RUNX1, ASXL1, KIT and biallelic CEBPA).25 Mo-
lecular studies using a reverse transcriptase polymerase
chain reaction are required for the quantification of a fusion
transcript for RUNX1-RUNX1T1, CBFB-MYH11, and
PMLRARA, as well as quantitative polymerase chain re-
action for NPM1 mutation, at the time of diagnosis and
during the treatment for measurable residual disease
(MRD) monitoring. The recommendation is to perform
these tests on bone marrow samples, preferably on the first
bone marrow aspirate obtained to avoid sample hemodi-
lution. The use of NGS with the common myeloid gene
panel gained importance to inform the risk stratification and
therapeutic options.26

Risk Stratification

Risk stratification of AML is critical to predict the response
rate and survival of each risk group, especially after the
introduction of more therapeutic options. The identification
of the risk groups can assist the clinician to determine the
intensity of the induction therapy and the kind of post-
remission therapy (either chemotherapy or allo-HCT). The
current body of evidence indicates that genetic abnor-
malities are the strongest predictors of the outcome in AML.
According to the 2017 European LeukemiaNet (ELN)
recommendations, AML can be stratified in favorable, in-
termediate, or adverse prognostic risk groups, on the basis
of their genetic profile alone (Table 1).27
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In addition to cytogenetics and the molecular status, MRD
is another important prognostic indicator. Literature indi-
cates that a negative MRD is highly correlated with treat-
ment outcomes.28,29 Methods that are currently widely
applied, including multiparameter flow cytometry and re-
verse transcriptase polymerase chain reaction, in addition
to newer technologies, including digital PCR and NGS, are

emerging. The clinical use and technical aspects of MRD
were recently endorsed by the ELN MRD Working Party.30

Panel consensus: Although some centers in Saudi Arabia
are equipped with advanced laboratories to perform the
diagnostic and molecular genetic testing, for the majority of
centers this is not the case. This deficit can jeopardize the
delivery of effective immediate treatment as discussed in
the Management of AML section.

The panel recommends establishing a local central refer-
ence laboratory, equipped with state-of-the-art advanced
molecular technology. This will expedite testing, stan-
dardize results, and decrease the cost of external tests.

The panel recommends an algorithmic diagnostic ap-
proach for the diagnosis and classification of AML, on the
basis of the 2017 WHO classification (Fig 1), as well as a
workup algorithm to guide physicians, which will support
risk stratification and therapeutic decisions (Fig 2).

From the panel, only a few centers have the in-house
capability to measure the MRD status (using molecular
and/or multiparameter flow cytometry techniques).

MANAGEMENT OF AML

Patient’s eligibility for intensive chemotherapy is determined
on the basis of age, comorbidities, performance status, and
the genetic risk profile. The German AML Cooperative Group
developed a predictive model for complete remission (CR)
and early death, taking into account the hematologic pa-
rameters, type of leukemia, the age, and the cytogenetics of
the patient.31 Similar predictivemodels are available.32,33 The
goal of treatment for AML is to achieve CR through the re-
duction of the blast count to , 5% in the bone marrow and
restoration of normal hematopoiesis. The induction therapy
is followed by consolidation regimens to prevent relapse and
provide a durable response.

General Initial Management of AML

Around 20% of patients with AML present with hyper-
leukocytosis, which is associated with a high risk of mor-
tality and morbidity.34 Patients presenting with
hyperleukocytosis (WBC ≥ 100 × 109/L) can be managed
with hydroxyurea and supportive measures. Leukapheresis
can be used as an option for cytoreduction, in conjunction
with other measures, in patients with symptoms related to
hyperleukocytosis. However, the effect on the reduction of
early mortality is less clear.34,35 Prompt initiation of in-
duction chemotherapy, in fit patients, is recommended for
symptomatic patients in addition to other management and
supportive measures for tumor lysis syndrome, coagulop-
athy, infections, and bleeding.27 The use of antimicrobial
prophylaxis during induction is recommended including
quinolone, posaconazole, and acyclovir.36,37 It is possible,
in the case of low-proliferative AML, to withhold AML-
directed treatment until the results from cytogenetics
and molecular testing are available, especially if this is
expected to influence the choice of therapy.38 In patients

TABLE 1. 2017 European LeukemiaNet Risk Stratification by Genetics
Risk
Categorya Genetic Abnormality

Favorable t(8;21)(q22;q22.1); RUNX1-RUNX1T1

inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11

Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow b

Biallelic-mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITDhigh b

Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow b (without
adverse-risk genetic lesions)

t(9;11)(p21.3;q23.3); MLLT3-KMT2Ac

Cytogenetic abnormalities not classified as favorable or adverse

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

t(v;11q23.3); KMT2A rearranged

t(9;22)(q34.1;q11.2); BCR-ABL1

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2,
MECOM(EVI1)

–5 or del(5q); –7; –17/abn(17p)

Complex karyotyped and monosomal karyotypee

Wild-type NPM1 and FLT3-ITDhigh b

Mutated RUNX1f

Mutated ASXL1f

Mutated TP53g

Abbreviation: ITD, internal tandem duplication.
aPrognostic impact of a marker is treatment-dependent and may change with

new therapies.
bLow, low allelic ratio (, 0.5); high, high allelic ratio (≥ 0.5); semiquantitative

assessment of FLT3-ITD allelic ratio (using DNA fragment analysis) is determined
as ratio of the area under the curve FLT3-ITD divided by area under the curve FLT3
wild type; recent studies indicate that acute myeloid leukemia with NPM1mutation
and FLT3-ITD low allelic ratio may also have a more favorable prognosis and
patients should not routinely be assigned to allogeneic hematopoietic cell
transplantation.

cThe presence of t(9;11)(p21.3;q23.3) takes precedence over rare, concurrent
adverse-risk gene mutations.

dThree or more unrelated chromosome abnormalities in the absence of one of the
WHO-designated recurring translocations or inversions, that is, t(8;21), inv(16) or
t(16;16), t(9;11), t(v;11)(v;q23.3), t(6;9), inv(3), or t(3;3); acute myeloid leukemia
with BCR-ABL1.

eDefined by the presence of one single monosomy (excluding loss of X or Y) in
association with at least one additional monosomy or structural chromosome
abnormality (excluding core-binding factor acute myeloid leukemia).

fThese markers should not be used as an adverse prognostic marker if they co-
occur with favorable-risk acute myeloid leukemia subtypes.

gTP53 mutations are significantly associated with acute myeloid leukemia with
complex and monosomal karyotype.
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with CNS involvement, intrathecal cytarabine with or
without methotrexate twice weekly should be used until
blast clearance from the cerebrospinal fluid.39

Panel consensus: Hydroxyurea or induction chemotherapy
can be sufficient to treat AML presenting with hyper-
leukocytosis in the absence of apheresis service or if

Morphologic assessment and
immunophenotyping confirmed 

the presence of myeloid blast

20% blasts

Consider MDS
or other myeloid

 disorders

Therapy-related
myeloid neoplasms
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FIG 1. Diagnostic algorithm for AML according to the 2017 WHO classification. aRecurrent cytogenetic abnormalities: t(8;21), inv(16),
t(16;16), t(15;17), t(9;11), t(6;9), inv(3), t(3;3), and t(1;22). bMDS-related cytogenetic abnormalities: Complex karyotype. Unbalanced
abnormalities: –7/del(7q), –5/del(5q), i(17q)/t(17p), –13/del(13q), del(11q), del(12p)/t(12p), and idic(X)(q13). Balanced abnormalities:
t(11;16), t(3;21), t(1;3), t(2;11), t(5;12), t(5;7), t(5;17), t(5;10), and t(3;5). AML, acute myeloid leukemia; AML-MRC, AML with
myelodysplasia-related changes; MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm; NOS, not otherwise specified.
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apheresis is expected to be delayed. Apheresis should be
avoided in acute promyelocytic leukemia.

Management of Patients With Newly Diagnosed AML Fit

for Intensive Chemotherapy

Induction therapy. Seven days of standard-dose cytarabine
(100-200 mg/m2/d) plus 3 days of anthracycline (7 + 3) is
the standard induction regimen in patients fit for intensive
chemotherapy. Daunorubicin at a dose of 60-90 mg/m2

once daily or idarubicin at a dose of 12mg/m2 once daily for
3 days is the current anthracycline of choice, which can
result in a 60%-85% remission rate in patients age , 60
years and in 40%-60% in the older patient group.40 Pa-
tients with CD33-positive AML may benefit from gemtu-
zumab ozogamicin (GO), which improved the survival
benefit when added to the standard induction therapy in
patients with favorable- or intermediate-risk cytogenetics.41

There was an improvement in the 6-year overall survival
(OS) of 20.7% in the favorable risk group; however, for the
intermediate risk group, the improvement was significant,

but only 5.7%. The adverse risk group did not benefit from
the addition of GO, and it is not recommended for this group
of patients. The approved GO dose is 3 mg/m2 on days 1, 4,
and 7 of induction. Alternatively, a single dose of 3 mg/m2

during the standard induction chemotherapy can also be
considered.41 In FLT3-mutated AML cases, midostaurin
had a significant OS improvement in comparison with the
placebo, when added to the standard induction and
consolidation regimens, with the median OS of 74.7 versus
25.6 months.42 Midostaurin is now recommended for
FLT3-mutated (ITD and tyrosine kinase domain) AML,
added to the standard induction 7 + 3 and consolidation.
Sorafenib, a multikinase inhibitor, appears to improve
survival in a retrospective study using a propensity score for
patients with newly diagnosed FLT3-ITD AML.43 In patients
with ELN adverse risk, the addition of a purine analog,
cladribine, to the standard induction resulted in an im-
provement in OS.44 A large randomized study reported that
fludarabine, cytarabine, GCSF, and idarubicin (FLAG-IDA)
was associated with an improved relapse-free survival

To determine initial choice of therapy, subtype AML,  and risk stratification

FISH analysis (should be an in-house urgent test if GO is available)
    t(8;21)(q22;q22.1), RUNX1-RUNX1T1
    inv(16)(p13.1q22) or t(16;16) (p13.1;q22), CBFB-MYH11

FLT3 mutation analysis (should be an in-house urgent test if FLT3 inhibitor is 
  available)

Conventional cytogenetic analysis

Mutational analysis using next-generation sequencing at least for the following
genes: NPM1, CEBPA, TP53, RUNX1, ASXL1, KIT, and DNMT3A

Suspected new acute leukemia

To confirm diagnosis, assign lineage, subtype AML, and initiate urgent therapy

Bone marrow aspirate and biopsy
    Morphologic assessment and cytochemistry (MPO, PAS, and nonspecific
    esterase)
    Immunophenotyping: flow cytometry and/or Immunohistochemistry

Urgent FISH analysis for t(15;17) PML/RARA 

Urgent referral to
tertiary hospital 

Send out to
external laboratory

Not available 

Not available
 

MRD monitoring

   MFC with 8-10 colors
        Using the different-from-normal approach or the LAIP 

    qPCR
        Fusion gene transcripts, eg, PML-RARA , RUNX1-RUNX1T1, CBFB-MYH11, and
        BCR-ABL1
        Somatic mutation, eg, NPM1 mutation 

Consider send out
to external laboratory

Not available

 

FIG 2. Approach to workup of AML. AML, acute myeloid leukemia; FISH, fluorescence in situ hybridization; GO, gemtuzumab ozogamicin; LAIP,
leukemia-associated immunophenotype; MFC, multiparameter flow cytometry; MPO, myeloperoxidase; MRD, measurable residual disease; PAS,
periodic acid Schiff; qPCR, quantitative polymerase chain reaction.
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(RFS), traded with an increased treatment-related
mortality.45 Although most cases of AML are de novo,
secondary AML and therapy related-AML, representing
25% of all AML cases, are associated with poor outcomes.
Emerging data demonstrated improved survival in older
patients with secondary AML when a dual-drug liposomal
formulation of cytarabine and daunorubicin in a 5:1 molar
ratio (CPX-351) is used as frontline therapy.46

After induction, a bone marrow assessment at day 14 or
nadir bone marrow is not recommended, because of no
proven benefit.47 The response to the induction therapy
should be assessed by a bone marrow aspirate and biopsy
after count recovery or at day 28. Patients with a bone
marrow blast ≥ 5% should receive a second induction
identical to the first one or alternatively, a cytarabine-
containing regimen such as FLAG-IDA. Patients in CR or
CR with incomplete count recovery (CRi), after one or two
inductions, should proceed with postremission therapy.
However, if not in CR/CRi after two inductions, the patient
should be managed as primary refractory AML.27

Postremission therapy. After the achievement of remission
after induction, patients with an ELN favorable risk should
proceed with chemotherapy consolidation only. However,
patients with an intermediate or adverse risk should be
consolidated with allo-HCT because of the poor outcome
associated with chemotherapy-based consolidation in this
group.27

Consolidation chemotherapy Patients with favorable risk
should be consolidated with chemotherapy using high-
dose cytarabine (HiDAC) 1.5-3 g/m2 (every 12 hours in
days 1, 3, and 5) for three cycles in patients age, 60 years
or 1-1.5 g/m2 for patients age 60 years and above.20 The
addition of GO to consolidation cycles 1 and 2 can be
considered, although no clear benefit is observed.48 In
core-binding factor AML-associated KIT mutation, che-
motherapy consolidation alone may be associated with a
poor outcome, particularly in t(8;21).49,50 However,
emerging data indicate that the absence of molecular MRD
may mitigate the poor outcome associated with a KIT
mutation and the need for allo-HCT.28 Patients with an
FLT3mutation who could not proceed to allo-HCT can also
receive HiDAC consolidation with the addition of
midostaurin.42 Other risk category patients should also
receive HiDAC if there is no suitable donor or the patient is
not fit for allo-HCT. CPX-351 with a reduced dose can be
used for consolidation after a successful induction with
CPX-351.46 Autologous transplant resulted in improved
RFS in selected patient groups, without an OS advantage.
The role of autologous transplant in AML is not yet clear.51,52

Allogeneic hematopoietic cell transplantation Allo-HCT is a
potentially curative modality for patients with AML. Patients
with AML comprise themajority of patients who receive allo-
HCT, particularly after the major advances in conditioning
regimen and the use of alternative donors.53-55 A growing

body of evidence supports the efficacy of allo-HCT in pa-
tients with ELN intermediate-risk and adverse-risk cyto-
genetics, with no survival benefit observed in patients with
favorable-risk cytogenetics.56 In the SWOG and Eastern
Cooperative Oncology Group trial, the 5-year survival of the
group who received allo-HCT was 44%, compared with
13% for the group who received autologous in the subgroup
of patients with unfavorable cytogenetics. However, no
difference was detected between the autologous HCT
group and the chemotherapy consolidation group. Similar
findings were reported for patients with intermediate-risk
cytogenetics.57 Insufficient data are available to evaluate
the use of allo-HCT in the first remission for patients with
AML and favorable-risk cytogenetics, outside a clinical
trial.58 Allo-HCT is recommended for patients in first CR
with ELN intermediate or adverse risk, who are fit with
age ≤ 75 years.27 Selecting a fit patient is an important step
to ensure a successful outcome after the transplant. The
use of hematopoietic cell transplantation comorbidity index
can predict nonrelapse mortality and OS post–allo-HCT.33

The donor pool is expanding because of the improved
outcome after the use of alternative donor (cord blood and
haploidentical transplant).54,55 The first donor choice is an
HLA-matched sibling donor followed by an unrelated
matched donor. In Saudi Arabia, the chance of finding a
matched sibling donor is almost 60% in comparison with,
30% in western countries, because of the large family size
in the former.59,60 An alternative donor can be considered
for patients without an HLA-matched donor. The use of
myeloablative conditioning regimen resulted in lower re-
lapse and an improved outcome in comparison with
reduced-intensity conditioning (RIC), but with increased
toxicity.61 The optimal conditioning regimen is not yet de-
fined; however, younger (age ≤ 55 years) and fit patients
should receive myeloablative conditioning.

Panel consensus: 7 + 3 remains the treatment of choice. If
available, GO and midostaurin should be added for
favorable-risk and FLT3-mutated AML, respectively (Fig 3).
Day 14 marrow can be considered at physician discretion.
Postremission therapy should be based on risk stratification
according to the algorithm in Figure 4.

Management of Patients With Newly Diagnosed AML Not

Fit for Intensive Chemotherapy

Elderly patients are characterized by a poor performance
status, high frequency of medical comorbidities, higher
probability for high-risk cytogenetics, and a poor response
to standard induction chemotherapy. In large registries,
patients who are older than 65 years did not experience a
notable improvement in their outcomes and they had a high
rate of treatment-related mortality.62 A recent retrospective
study indicated a survival advantage with hypomethylating
agents (HMAs) over intensive chemotherapy for elderly
patients.63 For patients with newly diagnosed AML, not fit
for intensive chemotherapy, the use of azacitidine (75mg/m2

once daily for 7 days) may offer a survival advantage
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over conventional care.64,65 More recently, the oral agent
venetoclax (BCL2 inhibitor) emerged as a novel agent to
treat AML. The addition of venetoclax to HMA or low-dose
cytarabine (LDAC) in patients with AML ineligible for in-
tensive chemotherapy had promising results in phase II
studies supporting its approval.66 In the phase III trials,

venetoclax plus azacitidine had a higher remission rate
compared with azacitidine monotherapy (66% v 28%,
P , .001) and a longer OS.67 In combination with LDAC,
venetoclax also had a higher remission rate of 48%
compared with 13% for LDAC as a single agent.68 For
patients started on HMA monotherapy, the response

AML induction

Fit for intensive chemotherapy Unfit for intensive chemotherapy

Favorable Intermediate Adverse
Secondary

AML

7 + 3

Consider 
adding

GO
(for CD33+)

7 + 3

Consider
adding

GO
(for CD33+)

7 + 3 with or
without 

cladribine

OR
7 + 3 + FLT3

inhibitor
(for FLT3
mutation)

CPX-351

OR

7 + 3

5 + 2 can be an alternative to 7 + 3
for less fit patients

IDH1
mutations

FLT3 mutation All others

IDH1 inhibitor

OR

Venetoclax plus
HMA or LDAC

Azacitidine plus
FLT3 inhibitor

OR

Venetoclax plus
HMA or LDAC

Venetoclax plus
HMA or LDAC

OR
Single-agent

GO
(for CD33+)

OR
Glasdegib plus 

LDAC 

FIG 3. Treatment algorithm for first-line therapy for patients with newly diagnosed acute myeloid leukemia. 7 + 3, 7 days of standard-dose cytarabine plus
3 days of idarubicin or daunorubicin; AML, acute myeloid leukemia; CPX-351, liposomal daunorubicin and cytarabine; GO, gemtuzumab ozogamicin;
HMA, hypomethylation agent; LDAC, low-dose cytarabine.

AML consolidation for patients fit for intensive
chemotherapy

Favorable Intermediate Adverse Secondary AML

HiDAC x 3

With or without GO 
in consolidation

1 and 2

Allo-HCT

OR

HiDAC x 3 if
allo-HCT is not
feasible With

 or without GO in
consolidation

1 and 2

Allo-HCT

OR

HiDAC x 3 if
allo-HCT is not

feasible

Add FLT3
inhibitor (for

FLT3
mutation)

Allo-HCT

OR

CPX-351 at
reduced dose

up to two cycles
if allo-HCT is not

feasible

FIG 4. Treatment algorithm for acute
myeloid leukemia consolidation therapy
for patients fit for intensive therapy. Allo-
HCT, allogeneic hematopoietic cell
transplantation; AML, acute myeloid
leukemia; CPX-351, liposomal dauno-
rubicin and cytarabine; GO, gemtuzu-
mab ozogamicin; HiDAC, high-dose
cytarabine (1.5-3 g/m2).
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assessment should be at least after 2-3 cycles and therapy
should continue until disease progression, usually four to
six cycles are required before the patient could be deemed
not benefiting from therapy. Other nonintensive treatment
strategies include low-dose cytarabine plus glasdegib,
single-agent GO, and IDH-targeted inhibitors, enasidenib or
ivosidenib.20 FLT3-ITD–positive older AML patients may
benefit from the addition of sorafenib to azacitidine on the
basis of a phase II study with a response rate of 46%.69

Patients who are in remission after a nonintensive approach
should be evaluated for RIC allo-HCT. Previous retrospective
studies indicated that RIC allo-HCT resulted in a 2-year sur-
vival of 40%-60% and a nonrelapse mortality of 20%.53,70 In
addition, RIC allo-HCT was associated with a lower rate of
relapse than patients who received autologous hematopoietic
cell transplantation or standard chemotherapy.70,71

Panel consensus: The panel recommends nonintensive
therapy for unfit patients on the basis of mutational status
and drug availability according to the algorithm in Figure 3.

Maintenance Therapy

Multiple agents have been tested recently to define the role
of maintenance therapy after intensive chemotherapy or
allo-HCT.72 Few agents that showed promising outcome are
summarized in Table 2.73-76 The benefit of HMA mainte-
nance after allo-HCT is still unclear.72

Management of Relapsed and Refractory AML

Depending on the underlying ELN risk category, 50% to
70% of patients with AML will eventually relapse after
achieving remission.77 The management of relapsed or
refractory (R/R) AML is challenging, with a reported cure
rate in some patient groups of , 10%.78 A prognostic
scoring index can be used to predict the long-term outcome
after relapse and to select candidates for salvage therapy.78

Many salvage chemotherapies have been studied in R/R
AML, including FLAG-IDA, MEC (mitoxantrone, etoposide,

and cytarabine), or cladribine-based (cladribine, cytarabine,
and GCSF) with an overall CR/CRi rate up to 50%.79,80 In
medically fit patients, intensive chemotherapy can be ad-
ministrated to achieve a second CR, followed by allo-HCT,
which can result in 30% long-term survival.81 Patients with
primary refractory AML or who relapsed within 6 months
after the first CR represent a major challenge. The use of
sequential transplant-conditioning regimens may provide a
chance of cure for this AML patient group.82 Patients with
AML who relapsed after allo-HCT have a long-term OS as low

TABLE 2. Selected Maintenance Options for Patient With AML
Reference Agent Indication Recommended Dose and Duration Outcome or conclusion

73 Oral azacitidine
(CC-486)

Age above 55 years, achieved first CR/CRi after
intensive induction chemotherapy with or without
consolidation treatment, and not candidate for
allo-HCT

300 mg orally once daily for 14 days of a
28-day cycle indefinitely until
unacceptable toxicity or relapse

Improvements in both OS
and RFS

74 Azacitidine Age ≥ 60 years in CR/CRi after at least two cycles of
intensive chemotherapy and not candidate for
allo-HCT

50 mg/m2 subcutaneously, days 1-5,
every 4 weeks until relapse, for a
maximum of 12 cycles

Improvement in DFS only

75 Midostaurin FLT3-ITD or FLT3-TKD AML in first CR after
intensive chemotherapy and unable to proceed to
allo-HCT

50 mg orally twice daily for 12 months Impact on survival is
unclear once used
during induction

76 Sorafenib FLT3-ITD–positive AML in CR after allo-HCT 200-400 mg orally twice daily from days
60 to 100 post–allo-HCT for 24months

Reduced relapse and
death rate with
improvement in RFS

Abbreviations: allo-HCT, allogeneic hematopoietic cell transplantation; AML, acute myeloid leukemia; CR, complete remission; CRi, CR with incomplete
count recovery; DFS, disease-free survival; ITD, internal tandem duplication; OS, overall survival; RFS, relapse-free survival; TKD, tyrosine kinase domain.

R/R AML

Fit for intensive
therapy 

Unfit for intensive
therapy

Salvage chemotherapy

FLAG-IDA

MEC

CLAGM

Allo-HCT if in CR

HMA or LDAC with or 
   without

venetoclax
Single-agent GO
FLT3-mutated: FLT3
inhibitor
IDH1-/IDH2-mutated:
IDH1/IDH2 inhibitor

Consider RIC Allo-HCT
if in CR

FIG 5. Treatment algorithm for R/R acute myeloid leukemia.
Allo-HCT, allogeneic hematopoietic cell transplantation; AML,
acute myeloid leukemia; CLAGM, cladribine, cytarabine, GCSF,
and mitoxantrone; CR, complete remission; FLAG-IDA, flu-
darabine, cytarabine, GCSF, and idarubicin; GO, gemtuzumab
ozogamicin; HMA, hypomethylation agent; LDAC, low-dose
cytarabine; MEC, mitoxantrone, etoposide, and cytarabine;
RIC, reduced-intensity conditioning; R/R, relapsed or refractory.
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as 4%, depending on the time of relapse after transplant.79

The therapeutic options at this stage include azacitidine
followed by donor lymphocyte infusion, or a second allo-
HCT, if remission has been achieved. A growing number of
clinical trials investigated novel agents in patients with R/R
AML, demonstrating promising results. Gilteritinib, an oral
selective FLT3 inhibitor, was recently approved for FLT3-
mutated R/R AML, after a phase III study showed significant
improvement in survival compared with salvage chemo-
therapy (median OS 9.3months v 5.6months).83 In addition,
relapsed patients not fit for intensive therapy can be treated
with venetoclax in combination with HMA or LDAC, on the
basis of retrospective data that produced an overall response
rate of 40%.84 Other novel agents include ivosidenib and
enasidenib for patients with an IDH1 and IDH2 mutation,
respectively.85,86 GO has been approved for R/R AML on the

basis of a phase II study showing a median RFS of
11.6 months87

Panel consensus: For patients with R/R AML, the treatment
should be based on the patient’s fitness for intensive
chemotherapy according to the algorithm in Figure 5.

In conclusion, the recent approval of multiple novel AML
therapies increased the complexity of management deci-
sions. Limited availability of in-house molecular diagnostics
often delay the identification of patients who could benefit
from approved targeted therapies. Understanding the
disease epidemiology and economic burden is crucial to
inform health care policy to prioritize area of unmet needs.
Globally, cost-effectiveness issues and limited access to
clinical trials prevent many centers from implementing
currently approved therapies for their patients.
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77. Röllig C, Bornhäuser M, Thiede C, et al: Long-term prognosis of acute myeloid leukemia according to the new genetic risk classification of the European
LeukemiaNet recommendations: Evaluation of the proposed reporting system. J Clin Oncol 29:2758-2765, 2011

78. Breems DA, Van Putten WL, Huijgens PC, et al: Prognostic index for adult patients with acute myeloid leukemia in first relapse. J Clin Oncol 23:1969-1978,
2005

Management of AML in Adults: Consensus of the SSBMT

JCO Global Oncology 1231



79. Thol F, Schlenk RF, Heuser M, et al: How I treat refractory and early relapsed acute myeloid leukemia. Blood 126:319-327, 2015
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