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Overview
Acute myeloid leukemia (AML) is a heterogeneous 
hematologic malignancy characterized by the clonal 
expansion of myeloid blasts in the peripheral blood, 
bone marrow, and/or other tissues. It is the most 
common form of acute leukemia among adults, and 
it accounts for the largest number of annual deaths 
from leukemias in the United States. An estimated 
21,380 people will be diagnosed with and 10,590 pa-
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Abstract
Acute myeloid leukemia (AML) is the most common form 
of acute leukemia among adults and accounts for the larg-
est number of annual deaths due to leukemias in the United 
States. This portion of the NCCN Guidelines for AML focuses on 
management and provides recommendations on the workup, 
diagnostic evaluation, and treatment options for younger (age 
<60 years) and older (age ≥60 years) adult patients. 

J Natl Compr Canc Netw 2017;15(7):926–957 
doi:10.6004/jnccn.2017.0116

NCCN Categories of Evidence and Consensus
Category 1: Based upon high-level evidence, there 
is uniform NCCN consensus that the intervention is 
appropriate.
Category 2A: Based upon lower-level evidence, there 
is uniform NCCN consensus that the intervention is 
appropriate.
Category 2B: Based upon lower-level evidence, there is 
NCCN consensus that the intervention is appropriate.
Category 3: Based upon any level of evidence, there 
is major NCCN disagreement that the intervention is 
appropriate.

All recommendations are category 2A unless otherwise 
noted.

Clinical trials: NCCN believes that the best management for 
any patient with cancer is in a clinical trial. Participation in 
clinical trials is especially encouraged.

Please Note

The NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines®) are a statement of consensus of the 
authors regarding their views of currently accepted ap-
proaches to treatment. Any clinician seeking to apply or 
consult the NCCN Guidelines® is expected to use inde-
pendent medical judgment in the context of individual 
clinical circumstances to determine any patient’s care or 
treatment. The National Comprehensive Cancer Net-
work® (NCCN®) makes no representation or warranties 
of any kind regarding their content, use, or application 
and disclaims any responsibility for their applications or 
use in any way. The full NCCN Guidelines for Acute  
Myeloid Leukemia  are not printed in this issue of JNCCN 
but can be accessed online at NCCN.org.

© National Comprehensive Cancer Network, Inc. 
2017, All rights reserved. The NCCN Guidelines and the 
illustrations herein may not be reproduced in any form 
without the express written permission of NCCN.
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At the beginning of each NCCN Guidelines panel meeting, panel 
members review all potential conflicts of interest. NCCN, in keep-
ing with its commitment to public transparency, publishes these 
disclosures for panel members, staff, and NCCN itself. 

Individual disclosures for the NCCN Acute Myeloid Leukemia 
Panel members can be found on page 957. (The most recent 
version of these guidelines and accompanying disclosures are 
available on the NCCN Web site at NCCN.org.)  

These guidelines are also available on the Internet. For the 
latest update, visit NCCN.org.
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tients will die of AML in 2017.1 Median age at diagnosis 
is 67 years, with 54% of patients diagnosed at ≥65 years 
of age (approximately one-third are diagnosed at ≥75 
years).2 Thus, as the population ages, the incidence of 
AML, along with myelodysplastic syndromes (MDS), 
seems to be increasing. 

Therapy-related MDS/AML (secondary MDS/
AML) is a well-recognized consequence of cancer treat-
ment in a proportion of patients receiving cytotoxic 
therapy for solid tumors or hematologic malignancies. 
Reports suggest that therapy-related MDS/AML may 
account for 5% to 20% of patients with MDS/AML.3–5 
Two well-documented categories of cytotoxic agents as-
sociated with the development of therapy-related MDS/
AML are alkylating agents and topoisomerase inhibi-
tors.3,6,7 Treatment with antimetabolites, such as the 
purine analogue fludarabine, has also been associated 
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with therapy-related MDS/AML in patients with 
lymphoproliferative disorders, particularly when 
administered in combination with alkylating 
agents.8,9 Radiotherapy, especially in the context 
of myeloablative therapy (eg, total-body irradia-
tion or radioimmunotherapy) given before autol-
ogous hematopoietic cell transplantation (HCT) 
may also increase the risk for therapy-related 
MDS/AML.10,11 The disease course of therapy-re-
lated MDS/AML is generally progressive and may 
be more resistant to conventional cytotoxic ther-
apies than de novo cases of MDS/AML.7 

The NCCN AML Panel convenes annually 
to update recommendations for the diagnosis and 
treatment of AML in adults, which are based on 
a review of recently published clinical trials that 
have led to significant improvements in treatment 
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Clinical trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise indicated.

AML-7

aMolecular abnormalities (KIT, FLT3-ITD, NPM1, CEBPA, and other 
mutations) are important for prognostication in a subset of patients 
(category 2A) and may guide therapeutic intervention (category 2B) (See 
AML-A*). Multiplex gene panels and sequencing assays are available for 
the assessment of other molecular abnormalities that have prognostic 
impact in AML or eligibility for clinical trial (see Discussion). If a test is not 
available at your institution, consult pathology about preserving material 
from the original diagnostic sample for future use at an outside reference 
lab after full cytogenetic data are available. Circulating blasts from 
peripheral blood can be used to detect molecular abnormalities in patients 
with blast counts >1000/mcL.

bFor patients with major neurologic signs or symptoms at diagnosis, 
appropriate imaging studies should be performed to detect meningeal 
disease, chloromas, or CNS bleeding. LP should be performed if no 
mass lesion is detected on the imaging study. Screening LP should 
be considered at fi rst remission before fi rst consolidation for patients 
with monocytic differentiation, mixed phenotype acute leukemia, WBC 
>40,000/mcL at diagnosis, extramedullary disease, or high risk APL. 
Consider administration of one dose of IT chemotherapy (methotrexate 
or cytarabine) at time of diagnostic LP. See Evaluation and Treatment of 
CNS Leukemia (AML-B*). 

cThe WHO 2016 classifi cation defi nes acute leukemia as ≥20% blasts in 
the marrow or blood. A diagnosis of AML may be made with less than 
20% in patients with recurrent cytogenetic abnormalities (eg, t(15;17), 
t(8;21), t(16;16), inv(16)). AML evolving from MDS (AML-MDS) is often 
more resistant to cytotoxic chemotherapy than AML that arises without 
antecedent hematologic disorder and may have a more indolent course. 
Some clinical trials designed for high-grade MDS may allow enrollment of 
patients with AML-MDS. 

dWhen presented with rare cases such as acute leukemias of ambiguous 
lineage including mixed phenotype acute leukemias (according to 2016 
WHO classifi cation), consultation with an experienced hematopathologist 
is strongly recommended.

eYoung adults may be eligible for pediatric trials with more intensive 
induction regimens and transplant options. AML patients should preferably 
be managed at experienced leukemia centers where clinical trials may be 
more available.

fPatients who present with isolated extramedullary disease (myeloid 
sarcoma) should be treated with systemic therapy. Local therapy (surgery/
radiation therapy [RT]) may be used for residual disease.

nnPatients with elevated blast counts are at higher risk for tumor lysis and 
organ dysfunction secondary to leukostasis. Measures to rapidly reduce 
the WBC count include apheresis or hydroxyurea. Prompt institution of 
defi nitive therapy is essential.

ooPoor performance status and comorbid medical condition, in addition to 
age, are factors that infl uence ability to tolerate standard induction therapy. 

ppSee Supportive Care (AML-C 1 of 2*).
qqSee Monitoring During Therapy (AML-E*).
rrECOG reported a signifi cant increase in complete response rates 

and overall survival using daunorubicin 90 mg/m2 x 3 days versus 45 
mg/m2 x 3 days in patients <60 years of age. Fernandez HF, et al. 
Anthracycline dose intensifi cation in acute myeloid leukemia. N Engl J 
Med 2009;361:1249-1259. If there is residual disease on days 12–14, the 
additional daunorubicin dose is 45 mg/m2 x 3 days. Burnett AK, et al. A 
randomized comparison of daunorubicin 90 mg/m2 vs 60 mg/m2 in AML 
induction: results from the UK NCRI AML17 trial in 1206 patients. Blood 
2015;125:3878-3885. 

ssFor patients with impaired cardiac function, other cytarabine-based 
regimens alone or with other agents can be considered. 

ttHolowiecki J, et al. Cladribine, but not fl udarabine, added to daunorubicin 
and cytarabine during induction prolongs survival of patients with acute 
myeloid leukemia: a multicenter, randomized phase III study. J Clin 
Oncol 2012;30:2441-2448. Although this trial showed an advantage 
for the addition of cladribine to standard 7+3, bone marrow aspirates 
were not performed after the fi rst cycle of induction until either counts 
recovered or blasts reappeared in the peripheral blood, which would 
delay administration of a second cycle of induction compared to standard 
practice in the United States.

uuThe use of high-dose cytarabine for induction outside the setting of a 
clinical trial is still controversial. While the remission rates are the same 
for standard- and high-dose cytarabine, two studies have shown more 
rapid marrow blast clearance after one cycle of high-dose therapy. Kern W 
and Estey EH. High-dose cytarabine arabinoside in the treatment of acute 
myeloid leukemia: review of three randomized trials. Cancer 2006;107:116-
124. However, one recent study showed that high-dose cytarabine may 
improve the outcome for younger patients. Willemze R, et al. High-dose 
cytarabine in induction treatment improves the outcome of adult patients 
younger than age 46 years with acute myeloid leukemia: results of the 
EORTC-GIMEMA AML-12 trial. J Clin Oncol 2014;32:219-228. 

vvWeick JK, et al. A randomized investigation of high-dose versus standard-
dose cytosine arabinoside with daunorubicin in patients with previously 
untreated acute myeloid leukemia: a Southwest Oncology Group study. 
Blood 1996;88:2841-2851.

wwBishop JF, et al. A randomized study of high-dose cytarabine in induction 
in acute myeloid leukemia. Blood 1996;87:1710-1717.

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 
mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

yyBurnett AK, et al. Optimization of chemotherapy for younger patients with 
acute myeloid leukemia: results of the medical research council AML15 
trial. J Clin Oncol 2013;31:3360-3368.

AML-1

EVALUATION FOR ACUTE LEUKEMIA DIAGNOSTIC 
STUDIES 
(WHO 2016)

DIAGNOSISc,d,e,f

• History and physical (H&P)
• Complete blood count (CBC), platelets, differential, chemistry 

profi le, uric acid, lactate dehydrogenase (LDH)
• Prothrombin time (PT), partial thromboplastin time (PTT), 

fi brinogen
• Bone marrow with cytogenetics (karyotype ± FISH) and molecular 

analyses (KIT, FLT3-ITD, NPM1, CEBPA, and other mutations)a

• Immunophenotyping and cytochemistry
• Human leukocyte antigen (HLA) typing for patient with potential 

hematopoietic cell transplantation (HCT) in the future (except for 
patients with a major contraindication to HCT)

• CT of brain without contrast, if CNS hemorrhage suspectedb

• Brain MRI with contrast, if leukemic meningitis suspectedb

• PET/CT, if clinical suspicion for extramedullary disease
• Lumbar puncture (LP), if symptomaticb (category 2B for 

asymptomatic)
• Evaluate myocardial function (echocardiogram or MUGA scan) 

in patients with a history or symptoms of cardiac disease or prior 
exposure to cardiotoxic drugs or radiation to thorax

• Central venous access device of choice

Multidisciplinary 
diagnostic 
studiesc,d 

Acute promyelocytic 
leukemia (APL) 

Acute myeloid 
leukemia (AML) 

Myelodysplastic 
syndromes (MDS) 

B or T lymphoblastic 
leukemia/lymphomad

See Treatment 
Induction (AML-2*)

See Treatment
Induction (AML-7)

See NCCN 
Guidelines for 
Myelodysplastic
Syndromes†

See NCCN 
Guidelines for Acute 
Lymphoblastic 
Leukemia†

CLASSIFICATION TREATMENT INDUCTIONpp,qq

Clinical trial (preferred) 
or
Standard-dose cytarabine 100–200 mg/m2 continuous infusion x 7 days with 
idarubicin 12 mg/m2 or daunorubicin 60–90 mg/m2 x 3 daysrr,ss (category 1)
or
Standard-dose cytarabine 200 mg/m2 continuous infusion x 7 days with 
daunorubicin 60 mg/m2 x 3 days and cladribine 5 mg/m2 x 5 days (category 2A)tt

or
High-dose cytarabine (HiDAC)ss,uu 2 g/m2 every 12 hours x 6 daysvv or 3 g/m2 
every 12 h x 4 daysww with idarubicin 12 mg/m2 or daunorubicin 60 mg/m2 x 3 days 
(1 cycle) (category 1 for patients ≤45 y, category 2B for other age groups)
or 
Standard dose cytarabine 200 mg/m2 continuous infusion x 7 days with 
daunorubicin 60 mg/m2 x 3 days and oral midostaurin 50 mg every 12 hours, 
days 8-21xx (FLT3-mutated AML)
or
Fludarabine 30 mg/m2 IV days 2–6, HiDAC 2 g/m2 over 4 hours starting 4 hours 
after fl udarabine on days 2–6, idarubicin 8 mg/m2 IV days 4–6, and G-CSF SC 
daily days 1–7 (category 2B)yy

Agenn,oo <60 y

See Follow-up (AML-8)

See Follow-up (AML-9)

See Follow-up (AML-9)

See Follow-up (AML-8)AML ≥60 y 
See AML-11

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.

†Available at NCCN.org.
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AML-7

aMolecular abnormalities (KIT, FLT3-ITD, NPM1, CEBPA, and other 
mutations) are important for prognostication in a subset of patients 
(category 2A) and may guide therapeutic intervention (category 2B) (See 
AML-A*). Multiplex gene panels and sequencing assays are available for 
the assessment of other molecular abnormalities that have prognostic 
impact in AML or eligibility for clinical trial (see Discussion). If a test is not 
available at your institution, consult pathology about preserving material 
from the original diagnostic sample for future use at an outside reference 
lab after full cytogenetic data are available. Circulating blasts from 
peripheral blood can be used to detect molecular abnormalities in patients 
with blast counts >1000/mcL.

bFor patients with major neurologic signs or symptoms at diagnosis, 
appropriate imaging studies should be performed to detect meningeal 
disease, chloromas, or CNS bleeding. LP should be performed if no 
mass lesion is detected on the imaging study. Screening LP should 
be considered at fi rst remission before fi rst consolidation for patients 
with monocytic differentiation, mixed phenotype acute leukemia, WBC 
>40,000/mcL at diagnosis, extramedullary disease, or high risk APL. 
Consider administration of one dose of IT chemotherapy (methotrexate 
or cytarabine) at time of diagnostic LP. See Evaluation and Treatment of 
CNS Leukemia (AML-B*). 

cThe WHO 2016 classifi cation defi nes acute leukemia as ≥20% blasts in 
the marrow or blood. A diagnosis of AML may be made with less than 
20% in patients with recurrent cytogenetic abnormalities (eg, t(15;17), 
t(8;21), t(16;16), inv(16)). AML evolving from MDS (AML-MDS) is often 
more resistant to cytotoxic chemotherapy than AML that arises without 
antecedent hematologic disorder and may have a more indolent course. 
Some clinical trials designed for high-grade MDS may allow enrollment of 
patients with AML-MDS. 

dWhen presented with rare cases such as acute leukemias of ambiguous 
lineage including mixed phenotype acute leukemias (according to 2016 
WHO classifi cation), consultation with an experienced hematopathologist 
is strongly recommended.

eYoung adults may be eligible for pediatric trials with more intensive 
induction regimens and transplant options. AML patients should preferably 
be managed at experienced leukemia centers where clinical trials may be 
more available.

fPatients who present with isolated extramedullary disease (myeloid 
sarcoma) should be treated with systemic therapy. Local therapy (surgery/
radiation therapy [RT]) may be used for residual disease.

nnPatients with elevated blast counts are at higher risk for tumor lysis and 
organ dysfunction secondary to leukostasis. Measures to rapidly reduce 
the WBC count include apheresis or hydroxyurea. Prompt institution of 
defi nitive therapy is essential.

ooPoor performance status and comorbid medical condition, in addition to 
age, are factors that infl uence ability to tolerate standard induction therapy. 

ppSee Supportive Care (AML-C 1 of 2*).
qqSee Monitoring During Therapy (AML-E*).
rrECOG reported a signifi cant increase in complete response rates 

and overall survival using daunorubicin 90 mg/m2 x 3 days versus 45 
mg/m2 x 3 days in patients <60 years of age. Fernandez HF, et al. 
Anthracycline dose intensifi cation in acute myeloid leukemia. N Engl J 
Med 2009;361:1249-1259. If there is residual disease on days 12–14, the 
additional daunorubicin dose is 45 mg/m2 x 3 days. Burnett AK, et al. A 
randomized comparison of daunorubicin 90 mg/m2 vs 60 mg/m2 in AML 
induction: results from the UK NCRI AML17 trial in 1206 patients. Blood 
2015;125:3878-3885. 

ssFor patients with impaired cardiac function, other cytarabine-based 
regimens alone or with other agents can be considered. 

ttHolowiecki J, et al. Cladribine, but not fl udarabine, added to daunorubicin 
and cytarabine during induction prolongs survival of patients with acute 
myeloid leukemia: a multicenter, randomized phase III study. J Clin 
Oncol 2012;30:2441-2448. Although this trial showed an advantage 
for the addition of cladribine to standard 7+3, bone marrow aspirates 
were not performed after the fi rst cycle of induction until either counts 
recovered or blasts reappeared in the peripheral blood, which would 
delay administration of a second cycle of induction compared to standard 
practice in the United States.

uuThe use of high-dose cytarabine for induction outside the setting of a 
clinical trial is still controversial. While the remission rates are the same 
for standard- and high-dose cytarabine, two studies have shown more 
rapid marrow blast clearance after one cycle of high-dose therapy. Kern W 
and Estey EH. High-dose cytarabine arabinoside in the treatment of acute 
myeloid leukemia: review of three randomized trials. Cancer 2006;107:116-
124. However, one recent study showed that high-dose cytarabine may 
improve the outcome for younger patients. Willemze R, et al. High-dose 
cytarabine in induction treatment improves the outcome of adult patients 
younger than age 46 years with acute myeloid leukemia: results of the 
EORTC-GIMEMA AML-12 trial. J Clin Oncol 2014;32:219-228. 

vvWeick JK, et al. A randomized investigation of high-dose versus standard-
dose cytosine arabinoside with daunorubicin in patients with previously 
untreated acute myeloid leukemia: a Southwest Oncology Group study. 
Blood 1996;88:2841-2851.

wwBishop JF, et al. A randomized study of high-dose cytarabine in induction 
in acute myeloid leukemia. Blood 1996;87:1710-1717.

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 
mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

yyBurnett AK, et al. Optimization of chemotherapy for younger patients with 
acute myeloid leukemia: results of the medical research council AML15 
trial. J Clin Oncol 2013;31:3360-3368.

AML-1

EVALUATION FOR ACUTE LEUKEMIA DIAGNOSTIC 
STUDIES 
(WHO 2016)

DIAGNOSISc,d,e,f

• History and physical (H&P)
• Complete blood count (CBC), platelets, differential, chemistry 

profi le, uric acid, lactate dehydrogenase (LDH)
• Prothrombin time (PT), partial thromboplastin time (PTT), 

fi brinogen
• Bone marrow with cytogenetics (karyotype ± FISH) and molecular 

analyses (KIT, FLT3-ITD, NPM1, CEBPA, and other mutations)a

• Immunophenotyping and cytochemistry
• Human leukocyte antigen (HLA) typing for patient with potential 

hematopoietic cell transplantation (HCT) in the future (except for 
patients with a major contraindication to HCT)

• CT of brain without contrast, if CNS hemorrhage suspectedb

• Brain MRI with contrast, if leukemic meningitis suspectedb

• PET/CT, if clinical suspicion for extramedullary disease
• Lumbar puncture (LP), if symptomaticb (category 2B for 

asymptomatic)
• Evaluate myocardial function (echocardiogram or MUGA scan) 

in patients with a history or symptoms of cardiac disease or prior 
exposure to cardiotoxic drugs or radiation to thorax

• Central venous access device of choice

Multidisciplinary 
diagnostic 
studiesc,d 

Acute promyelocytic 
leukemia (APL) 

Acute myeloid 
leukemia (AML) 

Myelodysplastic 
syndromes (MDS) 

B or T lymphoblastic 
leukemia/lymphomad

See Treatment 
Induction (AML-2*)

See Treatment
Induction (AML-7)

See NCCN 
Guidelines for 
Myelodysplastic
Syndromes†

See NCCN 
Guidelines for Acute 
Lymphoblastic 
Leukemia†

CLASSIFICATION TREATMENT INDUCTIONpp,qq

Clinical trial (preferred) 
or
Standard-dose cytarabine 100–200 mg/m2 continuous infusion x 7 days with 
idarubicin 12 mg/m2 or daunorubicin 60–90 mg/m2 x 3 daysrr,ss (category 1)
or
Standard-dose cytarabine 200 mg/m2 continuous infusion x 7 days with 
daunorubicin 60 mg/m2 x 3 days and cladribine 5 mg/m2 x 5 days (category 2A)tt

or
High-dose cytarabine (HiDAC)ss,uu 2 g/m2 every 12 hours x 6 daysvv or 3 g/m2 
every 12 h x 4 daysww with idarubicin 12 mg/m2 or daunorubicin 60 mg/m2 x 3 days 
(1 cycle) (category 1 for patients ≤45 y, category 2B for other age groups)
or 
Standard dose cytarabine 200 mg/m2 continuous infusion x 7 days with 
daunorubicin 60 mg/m2 x 3 days and oral midostaurin 50 mg every 12 hours, 
days 8-21xx (FLT3-mutated AML)
or
Fludarabine 30 mg/m2 IV days 2–6, HiDAC 2 g/m2 over 4 hours starting 4 hours 
after fl udarabine on days 2–6, idarubicin 8 mg/m2 IV days 4–6, and G-CSF SC 
daily days 1–7 (category 2B)yy

Agenn,oo <60 y

See Follow-up (AML-8)

See Follow-up (AML-9)

See Follow-up (AML-9)

See Follow-up (AML-8)AML ≥60 y 
See AML-11

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.

†Available at NCCN.org.
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AML-9

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course.

qqSee Monitoring During Therapy (AML-E*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

zzConsider clinical trials for patients with targeted molecular abnormalities.
aaaBegin alternate donor search (haploidentical, unrelated donor or cord 

blood) if no appropriate matched sibling donor is available and the patient 
is a candidate for allogeneic HCT.

bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before 
proceeding with therapy. 

cccHypoplasia is defi ned as cellularity less than 10%–20% of which the 
residual blasts are less than 5%–10% (ie, blast percentage of residual 
cellularity).

dddFor re-induction, no data are available to show superiority with 
intermediate or high-dose cytarabine.

eeeFor patients with residual blasts after induction with standard-dose 
cytarabine with daunorubicin and cladribine, a second cycle of the same 
induction regimen can be given if >50% cytoreduction.

fffIf daunorubicin 90 mg/m2 was used in induction, the recommended dose 
for daunorubicin for reinduction prior to count recovery is 45 mg/m2 for 
no more than 2 doses. Analogously, if idarubicin 12 mg/m2 was used for 
induction, the early reinduction dose should be limited to 10 mg/m2 for 1 or 
2 doses.

gggMRD testing is under investigation and may have prognostic signifi cance. 
See Discussion.

hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).
iiiScreening LP should be considered at fi rst remission before fi rst 

consolidation for patients with monocytic differentiation, mixed phenotype 
acute leukemia, WBC >40,000/mcL at diagnosis, or extramedullary 
disease. See Evaluation and Treatment of CNS Leukemia (AML-B*).

AML-8

qqSee Monitoring During Therapy (AML-E*).
zzConsider clinical trials for patients with targeted molecular abnormalities.
aaaBegin alternate donor search (haploidentical, unrelated donor or cord blood) if no appropriate matched sibling donor is available and the patient is a 

candidate for allogeneic HCT.
bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before proceeding with therapy. 
cccHypoplasia is defi ned as cellularity less than 10%–20% of which the residual blasts are less than 5%–10% (ie, blast percentage of residual cellularity).
gggMRD testing is under investigation and may have prognostic signifi cance. See Discussion.
hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).
iiiScreening LP should be considered at fi rst remission before fi rst consolidation for patients with monocytic differentiation, mixed phenotype acute leukemia, 

WBC >40,000/mcL at diagnosis, or extramedullary disease. See Evaluation and Treatment of CNS Leukemia (AML-B*).

AML
AFTER STANDARD-DOSE CYTARABINE INDUCTION/RE-INDUCTIONzz,aaa

Age <60 y

Follow-up 
bone 
marrowqq  
14–21 days 
after start 
of therapy

Signifi cant residual 
disease without 
a hypocellular 
marrowbbb,ccc

Signifi cant 
cytoreductionbbb,ccc 

with low % residual 
blasts

Hypoplasiabbb,ccc

Cytarabine 1.5–3 g/m2 
every 12 hours x 6 daysddd 
or 
Standard-dose cytarabine 
with idarubicin or 
daunorubicinw,eee,fff

or
Standard-dose cytarabine 
with daunorubicin and 
midostaurinw,xx

or
See treatment for 
induction failure

Standard-dose 
cytarabine with idarubicin 
or daunorubicinw,eee

or
Standard-dose cytarabine 
with daunorubicin and 
midostaurinw,xx,eee

Await recovery

Marrow to 
document 
remission 
status upon 
hematologic 
recovery, 
including 
cytogenetics 
and molecular 
studies as 
appropriateggg

Complete 
responsehhh,iii

Induction 
failurehhh

Consolidation See Post-
Remission Therapy (AML-10)

Clinical trial
or 
Matched sibling or alternative 
donor HCT 
or
HiDAC (if not previously used as 
treatment for persistent disease 
at day 15) ± anthracycline 
(daunorubicin or idarubicin),w 
if a clinical trial is not available 
while awaiting identifi cation of 
a donor
or
See Therapy for Relapsed/
Refractory Disease (AML-F*) 
or
Best supportive care

AML
AFTER HIGH-DOSE CYTARABINE INDUCTION/RE-INDUCTIONzz,aaa

Age <60 y

Clinical trial
or 
Matched sibling or alternative donor HCT 
or
See Therapy for Relapsed/Refractory Disease (AML-F*) 
or
Best supportive care

Await 
recoverybbb

Await 
recovery

Marrow to document 
remission status 
upon hematologic 
recovery, including 
cytogenetics and 
molecular studies as 
appropriateggg

Complete 
responsehhh,iii

Induction 
failurehhh

Consolidation See Post-
Remission Therapy (AML-10)

Clinical trial
or 
Matched sibling or 
alternative donor HCT 
or
See Therapy for Relapsed/
Refractory Disease (AML-F*) 
or
Best supportive care

Signifi cant 
residual 
disease without 
a hypocellular 
marrowbbb,ccc

Hypoplasiabbb,ccc

Signifi cant 
cytoreductionbbb

with low % 
residual blasts

Follow-up bone 
marrowqq 

21–28 days 
after start of 
therapy 

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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AML-9

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course.

qqSee Monitoring During Therapy (AML-E*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

zzConsider clinical trials for patients with targeted molecular abnormalities.
aaaBegin alternate donor search (haploidentical, unrelated donor or cord 

blood) if no appropriate matched sibling donor is available and the patient 
is a candidate for allogeneic HCT.

bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before 
proceeding with therapy. 

cccHypoplasia is defi ned as cellularity less than 10%–20% of which the 
residual blasts are less than 5%–10% (ie, blast percentage of residual 
cellularity).

dddFor re-induction, no data are available to show superiority with 
intermediate or high-dose cytarabine.

eeeFor patients with residual blasts after induction with standard-dose 
cytarabine with daunorubicin and cladribine, a second cycle of the same 
induction regimen can be given if >50% cytoreduction.

fffIf daunorubicin 90 mg/m2 was used in induction, the recommended dose 
for daunorubicin for reinduction prior to count recovery is 45 mg/m2 for 
no more than 2 doses. Analogously, if idarubicin 12 mg/m2 was used for 
induction, the early reinduction dose should be limited to 10 mg/m2 for 1 or 
2 doses.

gggMRD testing is under investigation and may have prognostic signifi cance. 
See Discussion.

hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).
iiiScreening LP should be considered at fi rst remission before fi rst 

consolidation for patients with monocytic differentiation, mixed phenotype 
acute leukemia, WBC >40,000/mcL at diagnosis, or extramedullary 
disease. See Evaluation and Treatment of CNS Leukemia (AML-B*).

AML-8

qqSee Monitoring During Therapy (AML-E*).
zzConsider clinical trials for patients with targeted molecular abnormalities.
aaaBegin alternate donor search (haploidentical, unrelated donor or cord blood) if no appropriate matched sibling donor is available and the patient is a 

candidate for allogeneic HCT.
bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before proceeding with therapy. 
cccHypoplasia is defi ned as cellularity less than 10%–20% of which the residual blasts are less than 5%–10% (ie, blast percentage of residual cellularity).
gggMRD testing is under investigation and may have prognostic signifi cance. See Discussion.
hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).
iiiScreening LP should be considered at fi rst remission before fi rst consolidation for patients with monocytic differentiation, mixed phenotype acute leukemia, 

WBC >40,000/mcL at diagnosis, or extramedullary disease. See Evaluation and Treatment of CNS Leukemia (AML-B*).

AML
AFTER STANDARD-DOSE CYTARABINE INDUCTION/RE-INDUCTIONzz,aaa

Age <60 y

Follow-up 
bone 
marrowqq  
14–21 days 
after start 
of therapy

Signifi cant residual 
disease without 
a hypocellular 
marrowbbb,ccc

Signifi cant 
cytoreductionbbb,ccc 

with low % residual 
blasts

Hypoplasiabbb,ccc

Cytarabine 1.5–3 g/m2 
every 12 hours x 6 daysddd 
or 
Standard-dose cytarabine 
with idarubicin or 
daunorubicinw,eee,fff

or
Standard-dose cytarabine 
with daunorubicin and 
midostaurinw,xx

or
See treatment for 
induction failure

Standard-dose 
cytarabine with idarubicin 
or daunorubicinw,eee

or
Standard-dose cytarabine 
with daunorubicin and 
midostaurinw,xx,eee

Await recovery

Marrow to 
document 
remission 
status upon 
hematologic 
recovery, 
including 
cytogenetics 
and molecular 
studies as 
appropriateggg

Complete 
responsehhh,iii

Induction 
failurehhh

Consolidation See Post-
Remission Therapy (AML-10)

Clinical trial
or 
Matched sibling or alternative 
donor HCT 
or
HiDAC (if not previously used as 
treatment for persistent disease 
at day 15) ± anthracycline 
(daunorubicin or idarubicin),w 
if a clinical trial is not available 
while awaiting identifi cation of 
a donor
or
See Therapy for Relapsed/
Refractory Disease (AML-F*) 
or
Best supportive care

AML
AFTER HIGH-DOSE CYTARABINE INDUCTION/RE-INDUCTIONzz,aaa

Age <60 y

Clinical trial
or 
Matched sibling or alternative donor HCT 
or
See Therapy for Relapsed/Refractory Disease (AML-F*) 
or
Best supportive care

Await 
recoverybbb

Await 
recovery

Marrow to document 
remission status 
upon hematologic 
recovery, including 
cytogenetics and 
molecular studies as 
appropriateggg

Complete 
responsehhh,iii

Induction 
failurehhh

Consolidation See Post-
Remission Therapy (AML-10)

Clinical trial
or 
Matched sibling or 
alternative donor HCT 
or
See Therapy for Relapsed/
Refractory Disease (AML-F*) 
or
Best supportive care

Signifi cant 
residual 
disease without 
a hypocellular 
marrowbbb,ccc

Hypoplasiabbb,ccc

Signifi cant 
cytoreductionbbb

with low % 
residual blasts

Follow-up bone 
marrowqq 

21–28 days 
after start of 
therapy 

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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Clinical trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged. 
All recommendations are category 2A unless otherwise indicated.

AML-11

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD mutations). While midostaurin was not FDA approved for maintenance therapy, the 
study was designed for consolidation and maintenance midostaurin for a total of 12 months. Stone RM, et al. The multi-kinase inhibitor midostaurin 
prolongs survival compared with placebo in combination with daunorubicin/cytarabine induction, high-dose consolidation, and as maintenance therapy in 
newly diagnosed acute myeloid leukemia patients age 18-60 with FLT3 mutations: an international prospective randomized placebo-controlled double-
blind trial (CALGB 10603/RATIFY [Alliance]). Blood 2015;126:6.

aaaBegin alternate donor search (haploidentical, unrelated donor or cord blood) if no appropriate matched sibling donor is available and the patient is a 
candidate for allogeneic HCT.

jjjFLT3-ITD mutation is a poor-risk feature in the setting of otherwise normal karyotype, and these patients should be considered for clinical trials where 
available.

kkkMayer RJ, et al. Intensive postremission chemotherapy in adults with acute myeloid leukemia. N Engl J Med 1994;331:896-903.
lllAlternate dosing of cytarabine for postremission therapy has been reported (see Discussion). Lowenberg B, et al. Cytarabine dose for acute myeloid 

leukemia. N Engl J Med 2011;364:1027-1036. Higher doses have not been evaluated in favorable-risk molecular abnormalities.
mmmPatients may require at least one cycle of high-dose cytarabine consolidation while donor search is in progress to maintain remission. Patients may 

proceed directly to transplant following achievement of remission if a donor (sibling or alternative) is available.
nnnThere is no evidence that HiDAC is superior to intermediate doses (1.5 g/m2 daily x 5 days) of cytarabine in patients with intermediate-risk cytogenetics.

AML-10

nnPatients with elevated blast counts are at risk for tumor lysis and organ 
dysfunction secondary to leukostasis. Measures to rapidly reduce the WBC 
count include apheresis or hydroxyurea. Prompt institution of defi nitive 
therapy is essential.

ppSee Supportive Care (AML-C 1 of 2*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

oooThere is a web-based scoring tool available to evaluate the probability 
of complete response and early death after standard induction therapy 
in elderly patients with AML: http://www.aml-score.org/. Krug U, et al. 
Complete remission and early death after intensive chemotherapy in 
patients aged 60 years or older with acute myeloid leukaemia: a web-
based application for prediction of outcomes. Lancet 2010;376:2000-2008.

pppFactors in decisions about fi tness for induction chemotherapy include 
age, performance status, functional status, and comorbid conditions.

qqqFor patients who exceed anthracycline dose or have cardiac issues but 
are still able to receive aggressive therapy, alternative non-anthracyline–
containing regimens may be considered (eg, FLAG, CLAG). 

rrrThe complete response rates and 2-year overall survival in patients 
between 60 and 65 years of age treated with daunorubicin 90 mg/m2 is 
also comparable to the outcome for idarubicin 12 mg/m2; the higher-dose 
daunorubicin did not benefi t patients > age 65 (Lowenberg B, et al. High-
dose daunorubicin in older patients with acute myeloid leukemia. N Engl J 
Med 2009;361:1235-1248).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the data 
suggests that older patients who are fi t to receive 7+3 should be offered 
midostaurin since it seems to provide a survival benefi t without undue 
toxicity.

tttResponse may not be evident before 3–4 cycles of treatment with 
hypomethylating agents (5-azacytidine, decitabine). Continue 
hypomethylating agents until progression if patient tolerating therapy. 
Similar delays in response are likely with novel agents on a clinical trial, but 
endpoints will be defi ned by the protocol. 

RISK STATUS
(See AML-A*)

POST-REMISSION THERAPY

Age <60

Core binding factor cytogenetic 
translocations without KIT mutation 
or favorable-risk molecular 
abnormalities

Intermediate-risk 
cytogenetics and/or 
molecular abnormalities

Treatment-related disease or 
poor-risk cytogenetics and/or 
molecular abnormalitiesaaa,jjj

Clinical trial
or
HiDAC 3 g/m2 over 3 h every 12 h on 
days 1, 3, 5 x 3–4 cycles (category 1)kkk,lll 

See Surveillance
(AML-15*)

Clinical trial 
or 
Matched sibling or alternative donor HCTmmm

or 
HiDACnnn 2–3 g/m2 over 3 h every 12 h on days 1, 3, 5 
x 3–4 cycles
or 
HiDAC 3 g/m2 over 3 h every 12 h on days 1, 3 and 5 
with oral midostaurin 50 mg every 12 hours on 
days 8-21xx

See Surveillance
(AML-15*)

Clinical trial
or
Matched sibling or alternative donor HCTmmm

or 
HiDAC 3 g/m2 over 3 h every 12 h on days 1, 3 and 5 
with oral midostaurin 50 mg every 12 hours on days 
8-21xx

or 
Consolidation therapy if cytogenetic remission

See Surveillance
(AML-15*)

AMLnn,ooo ≥60 y
(See NCCN 
Guidelines for Older 
Adult Oncology, 
available at 
NCCN.org)

TREATMENT INDUCTIONpp

Unfavorable 
cytogenetic/
molecular markers/
Antecedent 
hematologic 
disorder/Therapy-
related AML

Clinical trial 
or
Standard-dose cytarabine (100–200 mg/m2 continuous 
infusion x 7 days) with idarubicinqqq 12 mg/m2 or 
daunorubicinrrr 60–90 mg/m2 x 3 days or mitoxantrone 
12 mg/m2 x 3 days 

Clinical trial 
or
Lower-intensity therapy (5-azacytidine, decitabine)ttt

or
Standard-dose cytarabine (100–200 mg/m2 continuous 
infusion x 7 days) with idarubicinqqq 12 mg/m2 or 
daunorubicin 60–90 mg/m2 x 3 days or mitoxantrone 
12 mg/m2 x 3 days
or
Standard dose cytarabine 200 mg/m2 continuous infusion 
x 7 days with daunorubicin 60 mg/m2 x 3 days and oral 
midostaurin 50 mg every 12 hours, days 8-21xx,sss 

(FLT3-mutated AML)
or 
Clofarabine ± standard-dose cytarabine (category 3)

Clinical trial 
or
Lower-intensity therapy ([5-azacytidine, decitabine] 
preferred,ttt low-dose cytarabine) 
or
Best supportive care (hydroxyurea, transfusion support) 

See Post-Induction
Therapy (AML-12)

See Post-Remission 
Therapy (AML-14)

See Post-Induction
Therapy (AML-12)

See Post-Remission 
Therapy (AML-14)

De novo AML 
without unfavorable 
cytogenetics/
molecular markers/
No antecedent 
hematologic 
disorder/No therapy-
related AML

Candidate 
for intensive 
remission 
induction 
therapyppp

Not a candidate for 
intensive remission 
induction therapyppp 
or declines intensive 
therapy

RISK STATUS
(See AML-A*)

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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AML-11

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD mutations). While midostaurin was not FDA approved for maintenance therapy, the 
study was designed for consolidation and maintenance midostaurin for a total of 12 months. Stone RM, et al. The multi-kinase inhibitor midostaurin 
prolongs survival compared with placebo in combination with daunorubicin/cytarabine induction, high-dose consolidation, and as maintenance therapy in 
newly diagnosed acute myeloid leukemia patients age 18-60 with FLT3 mutations: an international prospective randomized placebo-controlled double-
blind trial (CALGB 10603/RATIFY [Alliance]). Blood 2015;126:6.

aaaBegin alternate donor search (haploidentical, unrelated donor or cord blood) if no appropriate matched sibling donor is available and the patient is a 
candidate for allogeneic HCT.

jjjFLT3-ITD mutation is a poor-risk feature in the setting of otherwise normal karyotype, and these patients should be considered for clinical trials where 
available.

kkkMayer RJ, et al. Intensive postremission chemotherapy in adults with acute myeloid leukemia. N Engl J Med 1994;331:896-903.
lllAlternate dosing of cytarabine for postremission therapy has been reported (see Discussion). Lowenberg B, et al. Cytarabine dose for acute myeloid 

leukemia. N Engl J Med 2011;364:1027-1036. Higher doses have not been evaluated in favorable-risk molecular abnormalities.
mmmPatients may require at least one cycle of high-dose cytarabine consolidation while donor search is in progress to maintain remission. Patients may 

proceed directly to transplant following achievement of remission if a donor (sibling or alternative) is available.
nnnThere is no evidence that HiDAC is superior to intermediate doses (1.5 g/m2 daily x 5 days) of cytarabine in patients with intermediate-risk cytogenetics.

AML-10

nnPatients with elevated blast counts are at risk for tumor lysis and organ 
dysfunction secondary to leukostasis. Measures to rapidly reduce the WBC 
count include apheresis or hydroxyurea. Prompt institution of defi nitive 
therapy is essential.

ppSee Supportive Care (AML-C 1 of 2*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

oooThere is a web-based scoring tool available to evaluate the probability 
of complete response and early death after standard induction therapy 
in elderly patients with AML: http://www.aml-score.org/. Krug U, et al. 
Complete remission and early death after intensive chemotherapy in 
patients aged 60 years or older with acute myeloid leukaemia: a web-
based application for prediction of outcomes. Lancet 2010;376:2000-2008.

pppFactors in decisions about fi tness for induction chemotherapy include 
age, performance status, functional status, and comorbid conditions.

qqqFor patients who exceed anthracycline dose or have cardiac issues but 
are still able to receive aggressive therapy, alternative non-anthracyline–
containing regimens may be considered (eg, FLAG, CLAG). 

rrrThe complete response rates and 2-year overall survival in patients 
between 60 and 65 years of age treated with daunorubicin 90 mg/m2 is 
also comparable to the outcome for idarubicin 12 mg/m2; the higher-dose 
daunorubicin did not benefi t patients > age 65 (Lowenberg B, et al. High-
dose daunorubicin in older patients with acute myeloid leukemia. N Engl J 
Med 2009;361:1235-1248).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the data 
suggests that older patients who are fi t to receive 7+3 should be offered 
midostaurin since it seems to provide a survival benefi t without undue 
toxicity.

tttResponse may not be evident before 3–4 cycles of treatment with 
hypomethylating agents (5-azacytidine, decitabine). Continue 
hypomethylating agents until progression if patient tolerating therapy. 
Similar delays in response are likely with novel agents on a clinical trial, but 
endpoints will be defi ned by the protocol. 

RISK STATUS
(See AML-A*)

POST-REMISSION THERAPY

Age <60

Core binding factor cytogenetic 
translocations without KIT mutation 
or favorable-risk molecular 
abnormalities

Intermediate-risk 
cytogenetics and/or 
molecular abnormalities

Treatment-related disease or 
poor-risk cytogenetics and/or 
molecular abnormalitiesaaa,jjj

Clinical trial
or
HiDAC 3 g/m2 over 3 h every 12 h on 
days 1, 3, 5 x 3–4 cycles (category 1)kkk,lll 

See Surveillance
(AML-15*)

Clinical trial 
or 
Matched sibling or alternative donor HCTmmm

or 
HiDACnnn 2–3 g/m2 over 3 h every 12 h on days 1, 3, 5 
x 3–4 cycles
or 
HiDAC 3 g/m2 over 3 h every 12 h on days 1, 3 and 5 
with oral midostaurin 50 mg every 12 hours on 
days 8-21xx

See Surveillance
(AML-15*)

Clinical trial
or
Matched sibling or alternative donor HCTmmm

or 
HiDAC 3 g/m2 over 3 h every 12 h on days 1, 3 and 5 
with oral midostaurin 50 mg every 12 hours on days 
8-21xx

or 
Consolidation therapy if cytogenetic remission

See Surveillance
(AML-15*)

AMLnn,ooo ≥60 y
(See NCCN 
Guidelines for Older 
Adult Oncology, 
available at 
NCCN.org)

TREATMENT INDUCTIONpp

Unfavorable 
cytogenetic/
molecular markers/
Antecedent 
hematologic 
disorder/Therapy-
related AML

Clinical trial 
or
Standard-dose cytarabine (100–200 mg/m2 continuous 
infusion x 7 days) with idarubicinqqq 12 mg/m2 or 
daunorubicinrrr 60–90 mg/m2 x 3 days or mitoxantrone 
12 mg/m2 x 3 days 

Clinical trial 
or
Lower-intensity therapy (5-azacytidine, decitabine)ttt

or
Standard-dose cytarabine (100–200 mg/m2 continuous 
infusion x 7 days) with idarubicinqqq 12 mg/m2 or 
daunorubicin 60–90 mg/m2 x 3 days or mitoxantrone 
12 mg/m2 x 3 days
or
Standard dose cytarabine 200 mg/m2 continuous infusion 
x 7 days with daunorubicin 60 mg/m2 x 3 days and oral 
midostaurin 50 mg every 12 hours, days 8-21xx,sss 

(FLT3-mutated AML)
or 
Clofarabine ± standard-dose cytarabine (category 3)

Clinical trial 
or
Lower-intensity therapy ([5-azacytidine, decitabine] 
preferred,ttt low-dose cytarabine) 
or
Best supportive care (hydroxyurea, transfusion support) 

See Post-Induction
Therapy (AML-12)

See Post-Remission 
Therapy (AML-14)

See Post-Induction
Therapy (AML-12)

See Post-Remission 
Therapy (AML-14)

De novo AML 
without unfavorable 
cytogenetics/
molecular markers/
No antecedent 
hematologic 
disorder/No therapy-
related AML

Candidate 
for intensive 
remission 
induction 
therapyppp

Not a candidate for 
intensive remission 
induction therapyppp 
or declines intensive 
therapy

RISK STATUS
(See AML-A*)

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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AML-13 
AML-14

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course. 

qqSee Monitoring During Therapy (AML-E*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

aaaBegin alternate donor search (haploidentical, unrelated donor or cord 
blood) if no appropriate matched sibling donor is available and the patient 
is a candidate for allogeneic HCT.

bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before 
proceeding with therapy. 

cccHypoplasia is defi ned as cellularity less than 10%–20% of which the 
residual blasts are less than 5%–10% (ie, blast percentage of residual 
cellularity).

fffIf daunorubicin 90 mg/m2 was used in induction, the recommended dose 
for daunorubicin for reinduction prior to count recovery is 45 mg/m2 for 
no more than 2 doses. Analogously, if idarubicin 12 mg/m2 was used for 
induction, the early reinduction dose should be limited to 10 mg/m2 for 1 
or 2 doses.

rrrThe complete response rate and 2-year overall survival in patients 
between 60 and 65 years of age treated with daunorubicin 90 mg/m2 are 
also comparable to the outcome for idarubicin 12 mg/m2; the higher dose 
daunorubicin did not benefi t patients > age 65 (Lowenberg B, et al. High-
dose daunorubicin in older patients with acute myeloid leukemia. N Engl J 
Med 2009;361:1235-1248).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the 
data suggests that older patients who are fi t to receive 7+3 should be 
offered midostaurin since it seems to provide a survival benefi t without 
undue toxicity.

uuuReduced-intensity transplant is a reasonable option in patients with 
identifi ed donors available to start conditioning within 4-6 weeks from start 
of induction therapy. Patients without an identifi ed donor would most likely 
need some additional therapy as a bridge to transplant. Reduced-intensity 
HCT may be appropriate for patients with a low level of residual disease 
post-induction (eg, patients with prior MDS who reverted back to MDS 
with <10% blasts). It is preferred that this approach be given in the context 
of a clinical trial.

AML-12

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course. 

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 
mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the data 
suggests that older patients who are fi t to receive 7+3 should be offered 
midostaurin since it seems to provide a survival benefi t without undue 
toxicity.

vvvPatients in remission may be screened with LP if initial WBC count 
>40,000/mcL or monocytic histology. See Evaluation and Treatment of 
CNS Leukemia (AML-B*).

wwwHLA-typing for patients considered strong candidates for allogeneic 
transplantation.

xxxPatients who are deemed as strong candidates for HCT and who have an 
available donor should be transplanted in fi rst remission.

yyyAn excellent outcome was reported for outpatient consolidation that 
provides another option for elderly patients. Gardin C, et al. Postremission 
treatment of elderly patients with acute myeloid leukemia in fi rst complete 
remission after intensive induction chemotherapy: results of the multicenter 
randomized Acute Leukemia French Association (ALFA) 9803 trial. Blood 
2007;109:5129-5135.

AMLaaa

AFTER STANDARD-DOSE CYTARABINE
Age ≥60 y

Clinical trial 
or
Additional standard-dose cytarabine with anthracycline 
(idarubicin or daunorubicinrrr)fff or mitoxantronew

or
Standard-dose cytarabine with daunorubicin and 
midostaurinw,xx,sss

or
Intermediate-dose cytarabine (1–<2 g/m2) containing regimens 
or
Reduced-intensity allogeneic HCTuuu

or 
Await recovery
or 
Best supportive care

Residual 
diseasebbb,ccc

Hypoplasiabbb,ccc Await recovery

Follow-up bone 
marrowqq 14–21 days 
after start of therapy

See Post-
Remission
Therapy 
(AML-13)

AML POST-REMISSION THERAPY
Age ≥60 y

Reduced-intensity HCTxxx

or 
Clinical trial
or
Standard-dose cytarabine (100–200 mg/m2/d x 5–7 d x 1–2 
cycles) ± anthracycline (idarubicin or daunorubicin)w,yyy

or
Consider intermediate-dose cytarabine 1–1.5 g/m2/d x 4–6 
doses x 1–2 cycles for patients with good performance 
status, normal renal function, better-risk or normal karyotype 
with favorable molecular markers
or 
Intermediate-dose cytarabine 1–1.5 g/m2 over 3 h every 
12 h on days 1, 3 and 5 with oral midostaurin 50 mg every 
12 hours on days 8-21xx,sss

or
Maintenance therapy with hypomethylating regimens 
(5-azacytidine, decitabine) every 4–6 weeks until 
progression (if patient received hypomethylating agents in 
induction)
or 
Observation

Complete 
responsehhh,vvv,www

Induction failurehhh

Marrow to document 
remission status 
upon hematologic 
recovery (4–6 weeks)

Clinical trial
or 
Allogeneic HCT (preferably in clinical trial)
or
Best supportive care

See
Surveillance
(AML-15*)

Previous 
intensive 
therapy

Previous 
lower 
intensity 
therapy

Reduced-intensity HCTxxx

or
Clinical trial
or
Continue hypomethylating regimens (5-azacytidine, 
decitabine) every 4–6 weeks until progression

Marrow to document 
remission status upon 
hematologic recovery 
(8–12 weeks)

Clinical trial
or
Best supportive care

Response

No response or 
progression

See
Surveillance
(AML-15*)

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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AML-13 
AML-14

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course. 

qqSee Monitoring During Therapy (AML-E*).
xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 

mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

aaaBegin alternate donor search (haploidentical, unrelated donor or cord 
blood) if no appropriate matched sibling donor is available and the patient 
is a candidate for allogeneic HCT.

bbbIf ambiguous, consider repeat bone marrow biopsy in 5–7 days before 
proceeding with therapy. 

cccHypoplasia is defi ned as cellularity less than 10%–20% of which the 
residual blasts are less than 5%–10% (ie, blast percentage of residual 
cellularity).

fffIf daunorubicin 90 mg/m2 was used in induction, the recommended dose 
for daunorubicin for reinduction prior to count recovery is 45 mg/m2 for 
no more than 2 doses. Analogously, if idarubicin 12 mg/m2 was used for 
induction, the early reinduction dose should be limited to 10 mg/m2 for 1 
or 2 doses.

rrrThe complete response rate and 2-year overall survival in patients 
between 60 and 65 years of age treated with daunorubicin 90 mg/m2 are 
also comparable to the outcome for idarubicin 12 mg/m2; the higher dose 
daunorubicin did not benefi t patients > age 65 (Lowenberg B, et al. High-
dose daunorubicin in older patients with acute myeloid leukemia. N Engl J 
Med 2009;361:1235-1248).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the 
data suggests that older patients who are fi t to receive 7+3 should be 
offered midostaurin since it seems to provide a survival benefi t without 
undue toxicity.

uuuReduced-intensity transplant is a reasonable option in patients with 
identifi ed donors available to start conditioning within 4-6 weeks from start 
of induction therapy. Patients without an identifi ed donor would most likely 
need some additional therapy as a bridge to transplant. Reduced-intensity 
HCT may be appropriate for patients with a low level of residual disease 
post-induction (eg, patients with prior MDS who reverted back to MDS 
with <10% blasts). It is preferred that this approach be given in the context 
of a clinical trial.

AML-12

wFor regimens using high cumulative doses of cardiotoxic agents, consider 
reassessing cardiac function prior to each anthracycline/mitoxantrone-
containing course. 

xxThis regimen is for FLT3 mutation-positive AML (both ITD and TKD 
mutations). While midostaurin was not FDA approved for maintenance 
therapy, the study was designed for consolidation and maintenance 
midostaurin for a total of 12 months. Stone RM, et al. The multi-
kinase inhibitor midostaurin prolongs survival compared with placebo 
in combination with daunorubicin/cytarabine induction, high-dose 
consolidation, and as maintenance therapy in newly diagnosed acute 
myeloid leukemia patients age 18-60 with FLT3 mutations: an international 
prospective randomized placebo-controlled double-blind trial (CALGB 
10603/RATIFY [Alliance]). Blood 2015;126:6.

hhhSee Response Criteria for Acute Myeloid Leukemia (AML-D*).

sssThe RATIFY trial studied patients age 18-60y. An extrapolation of the data 
suggests that older patients who are fi t to receive 7+3 should be offered 
midostaurin since it seems to provide a survival benefi t without undue 
toxicity.

vvvPatients in remission may be screened with LP if initial WBC count 
>40,000/mcL or monocytic histology. See Evaluation and Treatment of 
CNS Leukemia (AML-B*).

wwwHLA-typing for patients considered strong candidates for allogeneic 
transplantation.

xxxPatients who are deemed as strong candidates for HCT and who have an 
available donor should be transplanted in fi rst remission.

yyyAn excellent outcome was reported for outpatient consolidation that 
provides another option for elderly patients. Gardin C, et al. Postremission 
treatment of elderly patients with acute myeloid leukemia in fi rst complete 
remission after intensive induction chemotherapy: results of the multicenter 
randomized Acute Leukemia French Association (ALFA) 9803 trial. Blood 
2007;109:5129-5135.

AMLaaa

AFTER STANDARD-DOSE CYTARABINE
Age ≥60 y

Clinical trial 
or
Additional standard-dose cytarabine with anthracycline 
(idarubicin or daunorubicinrrr)fff or mitoxantronew

or
Standard-dose cytarabine with daunorubicin and 
midostaurinw,xx,sss

or
Intermediate-dose cytarabine (1–<2 g/m2) containing regimens 
or
Reduced-intensity allogeneic HCTuuu

or 
Await recovery
or 
Best supportive care

Residual 
diseasebbb,ccc

Hypoplasiabbb,ccc Await recovery

Follow-up bone 
marrowqq 14–21 days 
after start of therapy

See Post-
Remission
Therapy 
(AML-13)

AML POST-REMISSION THERAPY
Age ≥60 y

Reduced-intensity HCTxxx

or 
Clinical trial
or
Standard-dose cytarabine (100–200 mg/m2/d x 5–7 d x 1–2 
cycles) ± anthracycline (idarubicin or daunorubicin)w,yyy

or
Consider intermediate-dose cytarabine 1–1.5 g/m2/d x 4–6 
doses x 1–2 cycles for patients with good performance 
status, normal renal function, better-risk or normal karyotype 
with favorable molecular markers
or 
Intermediate-dose cytarabine 1–1.5 g/m2 over 3 h every 
12 h on days 1, 3 and 5 with oral midostaurin 50 mg every 
12 hours on days 8-21xx,sss

or
Maintenance therapy with hypomethylating regimens 
(5-azacytidine, decitabine) every 4–6 weeks until 
progression (if patient received hypomethylating agents in 
induction)
or 
Observation

Complete 
responsehhh,vvv,www

Induction failurehhh

Marrow to document 
remission status 
upon hematologic 
recovery (4–6 weeks)

Clinical trial
or 
Allogeneic HCT (preferably in clinical trial)
or
Best supportive care

See
Surveillance
(AML-15*)

Previous 
intensive 
therapy

Previous 
lower 
intensity 
therapy

Reduced-intensity HCTxxx

or
Clinical trial
or
Continue hypomethylating regimens (5-azacytidine, 
decitabine) every 4–6 weeks until progression

Marrow to document 
remission status upon 
hematologic recovery 
(8–12 weeks)

Clinical trial
or
Best supportive care

Response

No response or 
progression

See
Surveillance
(AML-15*)

*Available online, in the complete version of these guidelines, at NCCN.org.

*Available online, in the complete version of these guidelines, at NCCN.org.
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or have yielded new information regarding biologic 
factors that may have prognostic importance. This 
portion of the NCCN Guidelines discusses recom-
mendations outlined for the workup and manage-
ment of AML. To view the complete and most up-
dated version of these guidelines, visit NCCN.org.

Workup 
Evaluation and initial workup for suspected AML con-
sists of a comprehensive medical history and physical 
examination. Laboratory evaluations include blood 
chemistry and a CBC including platelets and a dif-
ferential of white blood cells (WBCs); serum uric acid 
and lactate dehydrogenase have prognostic relevance 
and should be evaluated.12,13 Bone marrow analysis 
with cytogenetics (karyotype ± fluorescence in situ 
hybridization) is necessary for risk stratification and 
to guide therapy of AML. A comprehensive evalua-
tion of several molecular markers (eg, FLT3, NPM1, 
CEBPA, KIT, and other mutations) is important 
for risk assessment and prognostication in a subset 
of patients (category 2A), and may guide treatment 
decisions (category 2B). More comprehensive panel 
arrays are available and institutions may have estab-
lished sequencing panels that include markers with 
currently unknown impact on prognosis or that do 
not determine clinical trial eligibility. Recent studies 
have reported on the prognostic impact of a number 
of molecular abnormalities in patients with AML (see 
“Molecular Markers and Risk Stratification” available 
online, in this guideline, at NCCN.org). Adequate 
marrow should be available at the time of diagnosis 
or relapse for molecular studies as per the institutional 
practice. A local pathologist should be consulted to 
discuss ways to optimize sample collection. If molec-
ular testing is not available at the treatment center, 
evaluation at an outside reference laboratory or trans-
fer to another institution is recommended. Circulat-
ing blasts from peripheral blood can be used to detect 
molecular abnormalities in patients with blast counts 
>1,000/mcL. 

Extramedullary presentation, including central 
nervous system (CNS) disease, is uncommon in pa-
tients with AML; however, if suspected, a PET/CT is 
recommended. Patients with significant CNS signs 
or symptoms at presentation should be evaluated us-
ing appropriate imaging techniques, such as radiog-
raphy, CT, or MRI, for the detection of intracranial 

bleeding, leptomeningeal disease, or mass lesions in 
either the brain or spinal cord. If CNS hemorrhage 
is suspected, a brain CT without contrast is recom-
mended. If leukemic meningitis is suspected, a brain 
MRI with contrast is recommended. However, if 
symptoms persist, and bleeding and mass/lesions are 
excluded, the patient should have a lumbar puncture 
(LP) for diagnostic and possible therapeutic purpos-
es once coagulopathy has been corrected, adequate 
platelet support is available, and the circulating dis-
ease has been cleared through the initiation of sys-
temic therapy. Routine screening LPs are not war-
ranted at diagnosis in patients with AML. However, 
for patients at high risk for CNS disease, such as those 
with monocytic differentiation or high WBC count 
(>40,000/mcL)14 at presentation, a diagnostic LP 
should be considered as part of the documentation of 
remission status. Screening LPs should be considered 
at first remission before first consolidation in patients 
with monocytic differentiation, mixed phenotype 
acute leukemia, WBC count >40,000/mcL at diagno-
sis, high-risk acute promyelocytic leukemia (APL), 
or extramedullary disease, particularly in those not 
receiving high-dose cytarabine (HiDAC; ie, older 
patients). Patients proceeding to transplant should 
also be considered for screening LPs. For those who 
present with solitary extramedullary disease (cur-
rently referred to as myeloid sarcoma, and histori-
cally as granulocytic sarcoma or chloroma) without 
overt marrow disease, initial treatment should still 
be based on systemic induction chemotherapy. Ra-
diation or surgical resection may be incorporated 
with systemic chemotherapy in emergent situations; 
however, these modalities, if needed at all, should 
be optimally deferred until after count recovery to 
avoid excess toxicity. 

Coagulopathy is common at presentation in 
many leukemias; thus, it is standard clinical prac-
tice to screen for coagulopathy by evaluating pro-
thrombin time, partial thromboplastin time, and 
fibrinogen activity as part of the initial evaluation 
and before performing any invasive procedure. The 
need for a cardiac evaluation (eg, echocardiogram or 
multiple gated acquisition [MUGA] scan) should be 
determined based on individual risk factors. Patients 
with a history or symptoms of cardiac disease, prior 
exposure to cardiotoxic drugs or thoracic radiation, 
or those of an older age, should have an echocardio-
gram. In younger patients who are otherwise asymp-

Cont. from page 927.
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tomatic with no history of cardiac disease, an echo-
cardiogram can be considered. For those who are 
acutely ill, treatment should not be delayed for an 
echocardiogram. In a small study of 76 patients with 
cancer who were screened for cardiac disease, only 
4 patients with cardiac abnormalities were identi-
fied; of these, the presence of cardiac disease did not 
change the course of treatment.15 

Human leukocyte antigen (HLA) typing should 
be performed in all patients with newly diagnosed 
AML for whom allogeneic HCT would be consid-
ered. HLA typing of family members is recommend-
ed for patients aged <60 years who do not have fa-
vorable-risk cytogenetics, and tissue typing should 
be broadened to include alternative donor search-
es. In patients with any nonfavorable risk, a donor 
search should begin while the patient is recovering 
from induction chemotherapy rather than waiting 
for remission. HLA typing is routinely used in many 
institutions to select platelet donors for patients who 
exhibit alloimmunization to HLA-specific antigens. 

Diagnosis
Originally, the classification system for AML was de-
fined by the French-American-British (FAB) system, 
which relied on cytochemical stains and morphol-
ogy to separate AML from acute lymphoblastic leu-
kemia (ALL) and to categorize the disease based on 
degree of myeloid and monocytic differentiation. In 
1999, WHO developed a newer classification system, 
which incorporates information from cytogenetics 
and evidence of myelodysplasia, to refine prognos-
tic subgroups that may define treatment strategies.16 
During this transition from the FAB system to the 
WHO classification, the percent blasts threshold 
for defining high-grade MDS and AML was low-
ered. The FAB classification had set the threshold 
between high-grade MDS and AML at 30% blasts, 
whereas the WHO classification lowered the thresh-
old for diagnosing AML to ≥20% blasts. This change 
was based on the finding that the biologic behavior 
(and survival outcomes) of the FAB MDS subgroup 
of “refractory anemia with excess blasts in transfor-
mation (RAEB-T),” defined as patients with 20% to 
30% blasts, was similar compared to that of patients 
with >30% blasts. The WHO classification system 
further allowed AML to be diagnosed in patients 
with abnormal hematopoiesis and characteristic 

clonal structural cytogenetic abnormalities with 
t(15;17), t(8;21), and inv(16) or t(16;16) regardless 
of marrow blast percentage. 

In 2003, the International Working Group for 
Diagnosis, Standardization of Response Criteria, 
Treatment Outcomes, and Reporting Standards for 
Therapeutic Trials in AML, accepted the cytochem-
ical and immunophenotypic WHO criteria as the 
standard for diagnosing AML, including the report-
ing of myelodysplasia according to morphology.17 

However, no evidence shows that myelodysplasia 
represents an independent risk factor, because it is 
frequently linked to poor-risk cytogenetics.

In 2008, WHO revised the diagnostic and re-
sponse criteria for AML to include additional re-
current genetic abnormalities created by reciprocal 
translocations/inversions, and a new provisional cat-
egory was added for molecular markers found to have 
a prognostic impact.18 Additionally, the category of 
AML with recurrent genetic abnormalities was ex-
panded to include the following: t(9;11)(p22;q23), 
t(6;9)(p23;q34) (provisional entity), inv(3)(q21 
q26.2) or inv(3;3)(q21;q26.2) (provisional entity), 
and t(1;22)(p13;q13) (provisional entity), in addi-
tion to the previously recognized t(8;21)(q22;q22); 
inv(16)(p13;1q22) or t(16;16)(p13.1;q22); and 
t(15;17)(q22;q12) [APL subtype]. Other provisional 
entities include AML with molecular abnormalities 
such as mutated NPM1 or CEBPA genes.18 In 2016, 
WHO expanded the recurrent genetic abnormalities 
to include 2 provisional categories, AML with BCR-
ABL1 rearrangement and AML with RUNX1 muta-
tion. AML with BCR-ABL1 rearrangement is a rare 
de novo AML that may benefit from therapies that 
entail tyrosine kinase inhibitors; AML with RUNX1 
mutation is associated with a poorer prognosis. 

In accordance with the 2016 WHO classifi-
cation,19 a diagnosis of AML is made based on the 
presence of ≥20% blasts in the marrow or peripheral 
blood. Accurate classification of AML requires mul-
tidisciplinary diagnostic studies (using immunohisto-
chemistry, cytochemistry, or both, in addition to mo-
lecular genetics analysis). The NCCN AML Panel 
suggests that complementary diagnostic techniques 
can be used at the discretion of the pathology depart-
ment. Some cases may still show evidence of both 
myeloid and lymphoid antigen expression on the leu-
kemic cells and are thusly defined as acute leukemias 
of ambiguous lineage. This is further subgrouped into 
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acute undifferentiated leukemia, mixed phenotypic 
acute leukemia (MPAL) with BCR-ABL1 rearrange-
ment, MPAL with rearranged KMT2A, MPAL with 
B-cell/myeloid features not otherwise specified, and 
MPAL with T-cell/myeloid features not otherwise 
specified. The expression of both cytochemical and/
or immunophenotypic characteristics of both lin-
eages on the same cells is defined as biphenotypic, 
whereas expression of lineage-specific characteristics 
on different populations of leukemia cells is termed 
bilineal. When presented with rare cases such as 
acute leukemias of ambiguous lineage as defined by 
the 2016 WHO classification,19 consultation with an 
experienced hematopathologist is preferred. 

Aberrant expression of differentiation antigens 
present at diagnosis may allow tracking of residual 
blasts through flow cytometry in follow-up samples 
that may appear normal according to conventional 
morphology. The use of immunophenotyping and 
molecular markers to monitor minimal residual dis-
ease (MRD) in adult patients with AML has not 
yet been incorporated into postremission monitor-
ing strategies, except in those with APL. However, 
ongoing research is moving MRD monitoring to 
the forefront for all patients with AML (see “Role 
of MRD Monitoring” available online, in this guide-
line, at NCCN.org).

Management of AML in 
Patients Aged <60 Years 
Induction Therapy 
Standard induction regimens used for patients aged 
<60 years are based on a backbone of cytarabine plus 
an anthracycline, and have changed little in the 
past 40 years. Historically, in most large cooperative 
group trials, daunorubicin has been the most com-
monly used anthracycline at doses of 45 to 60 mg/m2 

daily for 3 days. Idarubicin, which has a longer in-
tracellular retention time, used at doses of 12 mg/m2 
daily for 3 days, has had comparable remission rates 
with fewer patients requiring additional therapy at 
day 15 to achieve remission. Complete response 
(CR) rates for patients aged ≤50 years have consis-
tently been in the range of 60% to 70% in most large 
cooperative group trials of infusional cytarabine and 
anthracycline. 

A large randomized phase III ECOG study re-
ported a significant increase in CR rate (71% vs 57%;  

P<.001) and median overall survival (OS; 24 vs 
16 months; P=.003) using daunorubicin 90 mg/m2 
daily for 3 days (n=327) versus 45 mg/m2 daily for 
3 days (n=330) in patients aged <60 years with pre-
viously untreated AML.20 Based on subgroup anal-
yses, however, the survival benefit with high-dose 
daunorubicin was shown to be restricted to patients 
with favorable- and intermediate-risk cytogenetic 
profiles (median OS, 34 vs 21 months; P=.004) and 
those aged <50 years (median OS, 34 vs 19 months; 
P=.004). The survival outcome for patients with un-
favorable cytogenetics was poor, with a median OS 
of only 10 months in both treatment arms.20 In an 
update of the E1900 trial, high-dose daunorubicin 
maintained a higher response than standard-dose 
daunorubicin in patients <50 years of age (hazard ra-
tio [HR], 0.66; P=.002).21 This benefit was observed 
regardless of risk cytogenetics. In addition, patients 
with FLT3-ITD–, DNMT3A-, and NPM1-mutant 
AML had improved OS. Patients aged 50 to 60 years 
with FLT3-ITD or NPM1 mutations also benefitted 
from high-dose daunorubicin.21 High-dose daunoru-
bicin was previously evaluated in a European trial 
that compared idarubicin 12 mg/m2 daily for 3 or 4 
days versus daunorubicin 80 mg/m2 daily for 3 days 
in patients aged 50 to 70 years; CR rates were 83% 
and 70%, respectively (P=.024).22 No difference was 
seen in relapse rate, event-free survival (EFS), or OS 
outcomes between the treatment arms. 

A recent systematic review and meta-analysis of 
29 randomized controlled trials compared idarubicin 
with daunorubicin.23 Idarubicin had a lower remis-
sion failure rate versus daunorubicin (risk ratio, 0.81; 
95% CI, 0.66–0.99; P=.04), but no difference in ear-
ly death or overall mortality was observed. Further-
more, this benefit was only seen when the dose ratio 
between daunorubicin and idarubicin was <5. Both 
high-dose daunorubicin and idarubicin resulted in 
5-year survival rates between 40% and 50%.23

It has been suggested that a daunorubicin dose of 
60 mg/m2 may be equally as effective as 90 mg/m2 and 
have a lower toxicity. A study from Burnett et al24 
compared these 2 doses in 1,206 patients predomi-
nately aged <60 years. There was no difference in 
CR rate (73% vs 75%; odds ratio [OR], 1.07; 95% CI, 
0.83–1.39; P=.60). The 60-day mortality was higher 
in those receiving 90 mg/m2 (10% vs 5%; HR, 1.98; 
95% CI, 1.30–3.02; P=.001), although the 2-year 
OS rate was similar (59% vs 60%; HR, 1.16; 95% 
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CI, 0.95–1.43; P=.15).23 A phase III randomized trial 
from the Polish Adult Leukemia Group evaluated 
the efficacy and safety of adding a purine analogue to 
an induction regimen comprising daunorubicin and 
cytarabine in patients aged ≤60 years with previous-
ly untreated AML (n=652).25 In this study, patients 
were randomized to daunorubicin and cytarabine 
(daunorubicin, 60 mg/m2 daily for 3 days, cytarabine, 
200 mg/m2 continuous infusion for 7 days; DA arm); 
DA with cladribine (5 mg/m2 daily for 5 days; DAC 
arm); and DA with fludarabine (25 mg/m2 daily for 
5 days; DAF arm). Patients who achieved a partial 
response after induction could receive a second cy-
cle of the assigned induction regimen. Postremission 
treatment was the same in the 3 arms. Patients who 
achieved a CR after induction received consolida-
tion with a course of intermediate-dose cytarabine 
(1.5 g/m2 on days 1–3) and mitoxantrone (10 mg/m2  
on days 3–5), followed by a course of HiDAC (2 g/m2  
every 12 hours on days 1, 3, and 5).25 A similar pro-
portion of patients in the 3 arms proceeded to al-
logeneic HCT. The DAC regimen resulted in a sig-
nificantly higher CR rate after induction (67.5% vs 
56%; P=.01) and improved OS outcomes (median, 
24 vs 14 months; 3-year OS, 45% vs 33%; P=.02) 
compared with the DA arm. Based on subgroup 
analysis, significant improvements in OS with DAC 
compared with DA were observed for patients aged 
≥50 years, those with an initial WBC count ≥50 
× 109/L, and patients with a high-risk karyotype.25 
No significant improvements in efficacy were ob-
served in the overall DAF arm with regard to CR 
rate (59%) or OS (median, 16 months; 3-year OS 
rate, 35%); however, in subgroup analysis, significant 
improvements with DAF compared with DA were 
observed among patients with a high-risk karyotype. 
The incidence of hematologic toxicities and other 
adverse events (AEs) were similar among treatment 
arms.25 Although this randomized trial showed an 
advantage for the addition of cladribine to a stan-
dard induction regimen, bone marrow aspirates were 
not performed after the first cycle of induction until 
either counts recovered or blasts reappeared in the 
peripheral blood, which would delay administration 
of a second cycle of induction compared with stan-
dard practice in the United States. 

Emerging data have demonstrated improved 
survival for patients with newly diagnosed FLT3-
mutation–positive AML when midostaurin is added 

to standard chemotherapy as part of frontline treat-
ment,26–28 which led to its breakthrough designation 
and FDA approval in April 2017. In the CALGB 
10603/RATIFY Alliance trial, patients aged 18 to 60 
years (n=717) with newly diagnosed FLT3-positive 
AML (internal tandem duplication [ITD] or tyro-
sine kinase domain [TKD]) were randomized to re-
ceive standard cytarabine therapy (200 mg/m2 daily 
for 7 days via continuous infusion) and daunorubicin  
(60 mg/m2 on days 1–3) with placebo or midostaurin 
(50 mg, twice daily on days 8–22).28 If residual disease 
in the bone marrow was observed on day 21, patients 
were treated with a second blinded course. Patients 
who achieved a CR received 4 cycles of HiDAC  
(3 g/m2 every 3 hours on days 1, 3, and 5) with place-
bo or midostaurin (50 mg, twice daily on days 8–22) 
followed by a year of maintenance therapy with pla-
cebo or midostaurin (50 mg, twice daily).28 Patients 
who received midostaurin with standard induction 
and consolidation therapy experienced a significant 
improvement in OS compared with those on the pla-
cebo arm (HR, 0.77; 95% CI, 0.63–0.95; P=.007).28 

The use of HiDAC as induction therapy con-
tinues to be a controversial option. The most recent 
study from the EORTC-GIMEMA AML-12 trial 
suggests that HiDAC (3 g/m2 every 12 hours on days 
1, 2, 5, and 7) improves outcomes in patients aged 
<46 years.29 This study randomized 1,900 patients be-
tween ages 15 and 60 years into 2 treatment groups: 
HiDAC and standard-dose cytarabine (SDAC; 100 
mg/m2/d by continuous infusion for 10 days). Both 
groups were also given daunorubicin (50 mg/m2/d on 
days 1, 3, and 5) and etoposide (50 mg/m2/d on days 
1–5). Data from a median 6-year follow-up indicate 
an OS rate near statistical significance (HiDAC, 
42.5% vs SDAC, 38.7%; P=.06), and when separat-
ed by age with a cutoff of 46 years, the benefit was 
relegated to the younger patient cohort (HiDAC, 
51.9% vs SDAC, 43.3%; P=.009) compared with 
those aged ≥46 years (HiDAC, 32.9% vs SDAC, 
33.9%; P=.91). Other populations that benefited 
from HiDAC were patients at high-risk including 
those with very poor-risk cytogenetic abnormalities 
and/or FLT3-ITD mutation or with secondary AML. 
There was no significant increase in grade 3 or 4 tox-
icities except for an increase in conjunctivitis (grade 
2–3) with HiDAC (12.4%) versus SDAC (0.5%); 
the incidence of AEs was equivalent (SDAC, 67.6% 
vs HiDAC, 66.2%). Patients with a CR received a 
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single consolidation cycle of daunorubicin and cy-
tarabine (500 mg/m2 every 12 hours for 6 days) and 
subsequent HCT.29 

HiDAC therapy during induction was initially 
explored 2 decades ago in 2 large cooperative group tri-
als. In an Australian Leukemia Study Group trial,30,31 
patients aged <60 years (n=301) were randomized to 
receive either HiDAC (3 g/m2 every 12 hours on days 
1, 3, 5, and 7 for a total of 24 g/m2) or SDAC (100 
mg/m2 daily for 7 days via continuous infusion); pa-
tients in both arms received daunorubicin (50 mg/m2  

on days 1–3) and etoposide (75 mg/m2 daily for 7 
days). CR rates were equivalent in both arms (71% 
and 74%, respectively), with significantly higher 
5-year relapse-free survival (RFS) rates with HiDAC 
(48% vs 25%; P=.007).31 Patients in both treatment 
arms received only 2 cycles of SDAC, daunorubicin, 
and etoposide for consolidation therapy. Median re-
mission duration was 45 months for the high-dose 
arm, compared with 12 months for the standard 
treatment arm.30 However, treatment-related mor-
bidity and mortality were higher in the HiDAC arm; 
5-year OS rates were 33% in the high-dose arm com-
pared with 25% in the standard-dose arm.31 

In a large SWOG study,32 patients aged <65 years 
(n=665) were randomized to receive HiDAC (2 g/m2 

 every 12 hours for 6 days for a total of 24 g/m2;  
patients aged <50 years were initially randomized 
to receive 3 g/m2 on the same dose schedule before 
the high-dose arm was redefined to 2 g/m2 due to 
toxicity concerns) or SDAC (200 mg/m2 daily for 
7 days); patients in both arms also received dau-
norubicin (45 mg/m2 daily for 3 days). Patients in 
the HiDAC arm received a second high-dose cycle 
for consolidation, whereas those in the standard-
dose arm were randomized to receive consolidation 
therapy with either 2 cycles of SDAC or 1 cycle of  
HiDAC plus daunorubicin. The CR rates were simi-
lar, with 55% for the high-dose arm compared with 
58% for the standard-dose arm in patients aged <50 
years, and 45% for HiDAC versus 53% for standard-
dose therapy in patients aged 50 to 65 years. Disease-
free survival (DFS; for patients with a CR) and OS 
(for all patients) at 4 years was not significantly differ-
ent between treatment arms. Induction therapy with  
HiDAC was associated with significantly higher 
rates of treatment-related mortality (14% vs 5% for 
patients aged <50 years; 20% vs 12% for patients 
aged 50–64 years; P=.003) and grade 3 or higher 

neurologic toxicity (8% vs 2% for patients aged <50 
years; 5.0% vs 0.5% for patients aged 50–64 years; 
P<.0001).32 For patients aged <50 years, consolida-
tion with HiDAC was associated with similar rates 
of treatment-related mortality (2% vs 0%) and grade 
3 or higher neurologic toxicity (2% vs 0%) com-
pared with the standard dose. For the original cohort 
of patients <50 years who received 3 g/m2 HiDAC 
for induction, the rates of treatment-related deaths 
(10% vs 5%) and grade 3 or greater neurologic toxic-
ity (16% vs 2%) were higher than for those who re-
ceived the standard dose. Similarly, for patients aged 
<50 years who received 3 g/m2 HiDAC for consoli-
dation, the rates of treatment-related deaths (4% vs 
0%) and grade 3 or greater neurologic toxicity (16% 
vs 0%) were higher than for those who received the 
standard dose.32

Younger patients (age <50 years) who received 
HiDAC induction and consolidation in the SWOG 
trial had the highest OS and DFS rates at 4 years 
(52% and 34%, respectively) compared with those 
who received standard-dose induction and consoli-
dation (34% and 24%, respectively) or standard 
induction with high-dose consolidation (23% and 
14%, respectively).32 However, the percentage of pa-
tients who achieved a CR and did not proceed to 
consolidation was twice as high in the HiDAC in-
duction arm.32 The risks for neurotoxicity and renal 
insufficiency are increased with HiDAC; therefore, 
both renal and neurologic function should be closely 
monitored in patients receiving this treatment. In 
a CALGB trial,33 the subgroup of patients aged ≤60 
years (n=156) who received standard-dose cytara-
bine–daunorubicin induction therapy and 4 courses 
of HiDAC consolidation (3 g/m2 every 12 hours on 
days 1, 3, and 5 per course) experienced a 4-year DFS 
rate of 44%. Among all patients who received con-
solidation with HiDAC, the rates of treatment-re-
lated deaths and serious neurotoxicity were 5% and 
12%, respectively.33 

Because the OS outcomes for the high-dose arm 
in the SWOG trial, which consisted of HiDAC in-
duction and 2 cycles of HiDAC consolidation (4-
year OS rate, 52% for patients aged <50 years), were 
comparable to those of the CALGB trial with in-
fusional SDAC induction and 4 cycles of HiDAC 
consolidation (4-year OS rate, 52% for patients aged 
≤60 years), the use of HiDAC in the induction phase 
outside of a clinical trial remains controversial. A 
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meta-analysis including 22 trials and 5,945 patients 
aged <60 years with de novo AML demonstrated im-
proved RFS and reduced risk of relapse, particularly 
in favorable-risk cytogenetics, for patients receiving 
HiDAC versus standard chemotherapy.34 However, 
toxicity was acknowledged as a limiting factor and 
emphasis was placed on the importance of future 
studies to define populations that would benefit most 
from HiDAC and to optimize dosing recommenda-
tions. The decision to use high-dose versus standard-
dose cytarabine for induction might be influenced by 
consolidation strategies; fewer high-dose consolida-
tion cycles may be needed for patients induced with 
HiDAC or for those who will undergo early autolo-
gous HCT. Although the remission rates are simi-
lar for high- and standard-dose cytarabine, 2 studies 
have shown more rapid marrow blast clearance after 
1 cycle of high-dose therapy and a DFS advantage 
for patients aged ≤50 years who received high-dose 
therapy.35 No data are available using more than  
60 mg/m2 of daunorubicin or 12 mg/m2 of idarubicin 
with HiDAC. With either high- or standard-dose 
cytarabine–based induction for younger patients, be-
tween 20% and 45% of these patients will not enter 
remission. In a report of 122 patients treated with 
HiDAC and daunorubicin, the remission rates were 
strongly influenced by cytogenetics, with CR rates 
of 87%, 79%, and 62% for favorable-, intermediate-, 
and poor-risk groups, respectively.36

In the MRC AML 15 trial, younger patients 
with untreated AML (median age, 49 years), were 
randomized to 2 induction courses of daunorubicin 
and cytarabine with or without etoposide (ADE; 
n=1,983) or ADE versus fludarabine, cytarabine, 
granulocyte colony-stimulating factor (G-CSF), and 
idarubicin (FLAG-Ida; n=1,268), and to amsacrine, 
cytarabine, etoposide, and then mitoxantrone/cyta-
rabine or HiDAC (3 g/m2; n=1,445).37 Patients in 
the HiDAC arm received 1.5 g/m2 in consolidation 
and were treated with or without a fifth course of cy-
tarabine (n=227). There were no significant differ-
ences in the CR rate between ADE and FLAG-Ida 
(81% vs 84%, respectively), but FLAG-Ida signifi-
cantly decreased relapse rates (FLAG-Ida, 38% vs 
ADE, 55%; P<.001).37 A recent randomized phase 
III study from the HOVON/SAKK groups com-
pared standard cytarabine/idarubicin induction with 
or without clofarabine (10 mg/m2 on days 1–5) for 
patients with AML aged 18 to 65 years.38 Although 

there was no difference in OS and EFS in the group 
as a whole, there was a decrease in relapse rate coun-
terbalanced by an increased rate of death in remis-
sion for the clofarabine arm. In subset analysis, there 
was a significant improvement in OS and EFS for the 
European LeukemiaNet (ELN) intermediate I group 
primarily in patients with NPM1 wild-type/FLT3-
ITD–negative subgroup with a 4-year EFS of 40% for 
the clofarabine arm versus 18% for the control arm.38  

The NCCN AML Panel recommends enroll-
ment in a clinical trial for treatment induction of 
younger patients (age <60 years) with AML (pre-
ferred). For patients not enrolled in a clinical trial, 
infusional SDAC (100–200 mg/m2 continuous in-
fusion) for 7 days combined with either idarubicin 
(12 mg/m2 for 3 days) or daunorubicin (60–90 mg/m2 
for 3 days) is a category 1 recommendation.20 SDAC 
(200 mg/m2 continuous infusion for 7 days) com-
bined with daunorubicin (60 mg/m2 for 3 days) and 
cladribine (5 mg/m2 for 5 days) is a category 2A rec-
ommendation.25 HiDAC plus an anthracycline as in-
duction therapy is a category 1 recommendation for 
patients aged ≤45 years, though it remains a catego-
ry 2B recommendation for other age groups.29,30,32,35 
The study by Willemze et al,29 which demonstrated 
improved OS for patients aged 15 to 45 years treated 
on this regimen, was integral in the recommendation 
change to category 1 for this age group. For patients 
with FLT3-positive AML, SDAC (200 mg/m2 con-
tinuous infusion) for 7 days combined with dauno-
rubicin (60 mg/m2 for 3 days) and oral midostaurin 
(50 mg every 12 hours on days 8–21) is a category 2A 
recommendation.28 Fludarabine (30 mg/m2 intrave-
nously for days 2–6) plus cytarabine (2 g/m2) over 4 
hours starting 4 hours after fludarabine in combina-
tion with idarubicin (8 mg/m2 intravenously on days 
4–6) and G-CSF (subcutaneously daily on days 1–7) 
is a category 2B recommendation.37 For patients with 
impaired cardiac function, other cytarabine-based 
regimens combined with noncardiotoxic agents can 
be considered. 

Patients with antecedent hematologic disease or 
treatment-related AML are considered poor-risk, un-
less they have favorable cytogenetics such as t(8;21), 
inv(16), t(16;16), or t(15;17). In addition, patients 
with unfavorable karyotypes, such as 11q23 abnor-
malities, monosomy -5 or -7, or complex cytogenetic 
abnormalities, are also considered to be poor-risk. 
Although all patients with AML are best managed 
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within the context of an appropriate clinical trial, 
it is particularly important that this poor-risk group 
of patients should be entered onto a clinical trial  
(incorporating either chemotherapy or novel 
agents), if available, given that only 40% to 50% of 
these patients experience a CR with standard induc-
tion therapy. In addition, HLA testing should be per-
formed promptly in those who may be candidates for 
either fully ablative or reduced-intensity condition-
ing (RIC) allogeneic HCT from a matched-sibling 
or an alternative donor, which constitutes the best 
option for long-term disease control.39

Postinduction Therapy 
To judge the efficacy of the induction therapy, a bone 
marrow aspirate and biopsy should be performed 14 
to 21 days after therapy initiation. In patients who 
have received SDAC induction with or without mi-
dostaurin and have significant residual disease with-
out hypoplasia (defined as cellularity <10%–20%, 
of which the residual blasts <5%–10% [ie, blast per-
centage of residual cellularity]), additional therapy 
with standard-dose cytarabine and anthracycline 
should be considered. SDAC with anthracycline and 
midostaurin may also be considered for patients with 
FLT3-positive AML.28 If hypoplasia status is unclear, 
a repeat bone marrow biopsy should be considered 5 
to 7 days before proceeding with therapy. Escalation 
to HiDAC (1.5–3.0 g/m2 every 12 hours for 6 days) 
may be considered for reinduction; no data are avail-
able to determine superiority of SDAC or HiDAC. 
Treatments for induction failure (see following dis-
cussion) may also be considered. 

For patients with significant cytoreduction and a 
low percentage of residual blasts, SDAC with idaru-
bicin or daunorubicin is recommended. SDAC with 
anthracycline and midostaurin may also be consid-
ered for patients with FLT3-positive AML.28 For pa-
tients who have residual blasts after induction with 
SDAC combined with daunorubicin and cladribine, 
a second cycle of the same induction regimen may 
be administered if >50% cytoreduction is observed. 
If daunorubicin (90 mg/m2) was used in induction, 
the recommended dose for reinduction of daunoru-
bicin before count recovery is 45 mg/m2 for no more 
than 2 doses. Similarly, if idarubicin (12 mg/m2) was 
used for induction, the early reinduction dose should 
be limited to 10 mg/m2 for 1 or 2 doses. If the mar-
row is hypoplastic, additional treatment selection is 

deferred until the remission status can be assessed. 
If hypoplasia status is unclear, a repeat bone mar-
row biopsy should be considered 5 to 7 days before 
proceeding with postinduction therapy. For patients 
who achieve CR with the additional postinduction 
therapy, consolidation therapy can be initiated upon 
count recovery. Screening LP should be considered 
at first remission before first consolidation for pa-
tients with monocytic differentiation, mixed phe-
notype acute leukemia, WBC count >40,000/mcL at 
diagnosis, or extramedullary disease.

Patients with persistent disease after 2 courses of 
therapy (including a reinduction attempt based on 
midcycle marrow) are considered to be induction 
failures. Treatment options include clinical trial or 
use of salvage chemotherapy regimens used for re-
lapsed/refractory disease (see AML-F; available on-
line, in this guideline, at NCCN.org). If the patient 
did not receive HiDAC for persistent disease at day 
15, HiDAC with or without anthracycline may be 
used if a clinical trial is not available and a donor 
is not yet identified. If the patient has an identified 
sibling or alternative donor available, a transplant 
option should be explored. For patients whose clini-
cal condition has deteriorated such that active treat-
ment is not an option, best supportive care should be 
continued.

Patients initially treated with HiDAC and who 
have significant residual disease without a hypocel-
lular marrow 21 to 28 days after therapy initiation 
are considered to have experienced induction fail-
ure. Additional HiDAC therapy at this time is un-
likely to induce remission in these cases, and these 
patients should be considered for a clinical trial or 
salvage regimens used for relapsed/refractory disease 
(see AML-F; available online, in this guideline, at 
NCCN.org). If an HLA-matched sibling or alterna-
tive donor has been identified, an allogeneic HCT 
may be effective in 25% to 30% of patients with in-
duction failure. If no donor is immediately available, 
patients should be considered for a clinical trial. If 
the patient’s clinical condition has deteriorated to 
a point at where active therapy would be detrimen-
tal, best supportive care may be the most appropriate 
option. If the patient has significant cytoreduction 
after HiDAC with a small quantity of residual blasts 
or hypoplasia, additional therapy should be delayed 
for an additional 10 to 14 days and the marrow status 
may be reassessed. 
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Occasionally, patients with both myeloid and 
lymphoid markers at diagnosis may experience re-
sponse to ALL therapy if an AML induction regimen 
failed.40 Treatment decisions for patients with signifi-
cant reduction without hypoplasia or those with hy-
poplasia are deferred until blood counts recover and 
a repeat marrow is performed to document remis-
sion status. Response is then categorized as a CR or  
induction failure.

Postremission or Consolidation Therapy 
Although successful induction therapy clears the 
visible signs of leukemia in the marrow and restores 
normal hematopoiesis in patients with de novo 
AML, additional postremission therapy (ie, consoli-
dation) may be needed to reduce the residual abnor-
mal cells to a level that can be contained by immune 
surveillance. For patients aged <60 years, postremis-
sion therapy is based on risk status defined by cyto-
genetics and molecular abnormalities (see AML-1;  
page 928). 

In the EORTC-GIMEMA trial, a 43% 4-year 
DFS rate was reported in the donor group of patients 
with poor-risk cytogenetics (n=64; 73% underwent 
HCT); this was significantly higher than the 4-year 
DFS rate (18%; P=.008) among the no-donor group 
(n=94; 46% underwent HCT).41 The 4-year DFS 
rate among patients with intermediate-risk AML 
was 45% for the donor group (n=61; 75% underwent 
HCT) and 48.5% for the no-donor group (n=104; 
62.5% underwent HCT).41 The incidence of relapse 
was 35% and 47%, respectively, and the incidence 
of death in complete remission was 20% and 5%, re-
spectively. The 4-year OS rate among intermediate-
risk patients was 53% for the donor group and 54% 
for the no-donor group.41

The SWOG/ECOG trial reported a 5-year sur-
vival rate (from time of CR) of 44% with allogeneic 
HCT (n=18; 61% underwent HCT) and 13% with 
autologous HCT (n=20; 50% underwent HCT) 
among the subgroup of patients with unfavorable 
cytogenetics. Moreover, the 5-year survival rate was 
similar between those allocated to autologous HCT 
and those intended for chemotherapy consolidation 
alone (13% and 15%, respectively).42 The 5-year sur-
vival rates (from time of CR) for patients with inter-
mediate-risk cytogenetics was 52% for the allogeneic 
HCT group (n=47; 66% underwent HCT) and 36% 

for the autologous HCT group (n=37; 59% under-
went HCT).42 

In the UK MRC AML 10 trial, a significant ben-
efit with allogeneic HCT was observed for the sub-
group of patients with intermediate-risk cytogenetics 
(but not for those with favorable or high-risk cyto-
genetics). In this subgroup, the DFS (50% vs 39%; 
P=.004) and OS rates (55% vs 44%; P=.02) were 
significantly higher among the donor than the no-
donor groups.43 

Since 1994, multiple (3–4) cycles of HiDAC 
therapy have been the standard consolidation regi-
men for patients aged <60 years with either good- 
or intermediate-risk cytogenetics. This consolida-
tion therapy is based on a CALGB trial comparing  
100 mg/m2, 400 mg/m2, and 3 g/m2 doses of cytara-
bine.33 The 4-year DFS rate for patients receiving 
consolidation with 3 g/m2 of HiDAC was 44%, with 
a 5% treatment-related mortality rate and a 12% in-
cidence of severe neurologic toxicity. Although the 
initial report did not break down remission duration 
by cytogenetic groups, subsequent analysis showed a 
5-year RFS (continuous CR measured from time of 
randomization) rate of 50% for core-binding factor 
(CBF)–AML, 32% for patients with normal karyo-
type AML (NK-AML), and 15% for patients in oth-
er cytogenetic categories (overall P<.001). Among 
those who received HiDAC consolidation, the 5-year 
RFS rate was 78% for CBF-AML, 40% for NK-AML, 
and 21% for other cytogenetic categories.36 Notably, 
in patients with CBF-AML who received postremis-
sion therapy with HiDAC, the presence of KIT mu-
tations resulted in poorer outcomes.44,45 

In a multicenter study, patients with CBF-AML 
(n=67) were enrolled in intensive chemotherapy 
protocols that involved HiDAC postremission ther-
apy.44 At 24 months, a KIT mutation in the TKD 
at codon 816 (TKD816) in patients with t(8;21) was 
associated with a significantly higher incidence of re-
lapse (90% vs 35.3%; P=.002) and lower OS (25% 
vs 76.5%; P=.006) compared with patients with 
wild-type KIT.44 In CBF-AML with inv(16), TKD816 
did not result in a significant difference in relapse in-
cidence and OS.44 The prognostic influence of other 
KIT mutations on CBF-AML, including mutations 
on exon 17 (mutKIT17) and exon 8 (mutKIT17), 
have been investigated.45,46 In an analysis of patients 
with CBF-AML treated on CALGB trials (n=110), 
KIT mutations (mutKIT17 and mutKIT8) among 
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patients with inv(16) were associated with a higher 
cumulative incidence of relapse at 5 years (56% vs 
29%; P=.05) and a decreased 5-year OS rate (48% vs 
68%) compared with wild-type KIT; in multivariate 
analysis, the presence of KIT mutations remained a 
significant predictor of decreased OS in the subgroup 
with inv(16). In patients with t(8;21), KIT muta-
tions were associated with a higher incidence of re-
lapse at 5 years (70% vs 36%; P=.017), but no differ-
ences were observed in 5-year OS (42% vs 48%).45 
The CALGB trial also included maintenance che-
motherapy after the consolidation phase; however, 
not all patients in remission received maintenance 
(55% of patients with CR) after HiDAC consoli-
dation.33 Subsequent clinical trials have eliminated 
maintenance during postremission therapy. 

The recent shortages of several chemotherapy 
agents have raised the question of how best to use 
cytarabine. The HOVON/SAKK study compared a 
double-induction concept using intermediate-dose 
or high-dose cytarabine as part of an induction/
consolidation regimen in a phase III randomized 
study in patients (age 18–60 years) with newly di-
agnosed AML (n=860).47 Patients were randomized 
to treatment with an “intermediate-dose” cytarabine 
regimen (12 g/m2 cytarabine; cycle 1: cytarabine,  
200 mg/m2 daily for 7 days + idarubicin, 12 mg/m2 
daily for 3 days; cycle 2: cytarabine, 1 g/m2 every 12 
hours for 6 days + amsacrine, 120 mg/m2 daily for 3 
days) or a “high-dose” cytarabine regimen (26 g/m2 

cytarabine; cycle 1: cytarabine, 1 g/m2 every 12 hours 
for 5 days + idarubicin, 12 mg/m2 daily for 3 days; 
cycle 2: cytarabine, 2 g/m2 every 12 hours for 4 days 
+ amsacrine, 120 mg/m2 daily for 3 days). Patients 
who experienced a CR after both treatment cycles 
were eligible to receive consolidation with a third 
cycle of chemotherapy or autologous or allogene-
ic HCT.47 A similar proportion of patients in each 
treatment arm received consolidation, specifically 
26% to 27% of patients in the third chemotherapy 
cycle, 10% to 11% of patients who underwent au-
tologous HCT, and 27% to 29% of patients who un-
derwent allogeneic HCT. No significant differences 
were observed between the intermediate- and high-
dose arms in rates of CR (80% vs 82%), 5-year EFS 
(34% vs 35%), or 5-year OS (40% vs 42%).47 These 
results are comparable to those from the CALGB 
study with HiDAC.33 More than 50% of patients in 
each arm had already experienced a CR when they 

received cycle 2. The 5-year cumulative rate of re-
lapse risk was also similar between treatment arms 
(39% vs 27%, respectively).47 Outcomes were poor 
for patients with monosomal karyotype at baseline 
(n=83), although the high-dose regimen was associ-
ated with significantly improved rates of 5-year EFS 
(13% vs 0%; P=.02) and OS (16% vs 0%; P=.02) 
compared with patients in this subgroup receiving 
the intermediate dose. The incidence of grade 3 
or 4 toxicities after cycle 1 was higher in the high-
dose arm than in the intermediate-dose arm (61% vs 
51%; P=.005), but the incidence of 30-day mortality 
was the same in both arms (10%).47 This study sug-
gests that 2 cycles of intermediate-dose cytarabine 
(1 g/m2 every 12 hours for 6 days; total dose 12 g/m2 

per cycle) for each consolidation cycle may be a fea-
sible alternative to the current NCCN recommenda-
tions of 3 cycles of HiDAC (3 g/m2 for 6 doses; total 
dose of 18 g/m2 per cycle). This study, as well as the 
MRC AML 15 study,37 suggest that doses of 3 g/m2 of 
cytarabine are not clearly more effective than lower 
doses of 1.5–3.0 g/m2; in the MRC AML 15 trial, the 
cumulative incidence of relapse was statistically less 
for higher-dose cytarabine, but this did not translate 
into better RFS.37

During the past decade, “normal” cytogenetics 
have been shown to encompass several molecular 
abnormalities with divergent risk behaviors.48 The 
presence of an isolated NPM1 or biallelic CEBPA 
mutation improves prognosis to one only slightly less 
than that of patients with CBF translocations, plac-
ing these patients in the favorable-risk molecular 
abnormalities category.48 In contrast, patients with 
an isolated FLT3-ITD mutation and NK-AML have 
an outlook similar to those with poor-risk cytogenet-
ics.49 In a report that evaluated the ELN risk clas-
sification in a large cohort of patients, for those in 
the intermediate I–risk group (which included all 
patients with NK-AML with FLT3 abnormalities 
and those lacking both FLT3 and NPM1 mutations), 
RFS was more favorable with allogeneic HCT (94.0 
vs 7.9 months without allogeneic HCT).50 Studies 
using sorafenib have implicated FLT3 inhibitors as 
actionable targets in AML.50–54 Long-term follow-up 
data from a phase II study of sorafenib in combina-
tion with idarubicin and cytarabine in younger pa-
tients showed an improved CR rate, particularly in 
patients with FLT3-mutated disease; however, this 
improvement was not statistically significant (95% vs 



© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 7 | July 2017

NCCN Clinical Practice Guidelines in Oncology

Acute Myeloid Leukemia, Version 3.2017

945

83%; P=.23).55,56 Sorafenib with azacitidine has been 
shown to be well-tolerated and results in improved 
survival.57,58 Studies using FLT3 inhibitor, midostau-
rin, have demonstrated improved survival in young 
patients with FLT3-positive AML when combined 
with standard chemotherapy as part of frontline and 
consolidation treatment.26–28 Two other FLT3 inhibi-
tors, quizartinib and gilteritinib, are in clinical trials 
for patients with FLT3-positive AML.59,60 

The NCCN panel has provided the following op-
tions for consolidation therapy for patients with fa-
vorable-risk cytogenetics (those with CBF leukemia, 
without KIT mutations, or favorable-risk molecular 
abnormalities): (1) participation on a clinical trial, 
or (2) 3 to 4 cycles of HiDAC (category 1). There 
are not sufficient data to evaluate the use of alloge-
neic HCT in first remission for patients with AML 
and favorable-risk cytogenetics outside of a clinical 
trial.61 Data suggest that the response to treatment is 
similar regardless of whether the favorable-risk cyto-
genetics are de novo and treatment-related.61 How-
ever, outcomes in patients with favorable-risk disease 
who have KIT mutations are more similar to those in 
patients with intermediate-risk karyotype, and these 
patients should be considered for either clinical tri-
als targeted toward the molecular abnormality or 
consolidation strategies similar to those used in the 
intermediate-risk group. A well-designed plan for re-
lapse therapy with either a matched-sibling or alter-
native donor HCT should be an important part of 
the treatment decision for these patients.

The panel members agreed that transplant-based 
options (either matched-sibling or alternate donor 
allogeneic HCT) or 3 to 4 cycles of HiDAC afforded 
a lower risk of relapse and a somewhat higher DFS 
when given as consolidation for patients with inter-
mediate-risk cytogenetics. Although 2 to 3 g/m2 Hi-
DAC is preferred, a range of 1 to <2 g/m2 can be used 
to accommodate patients who are less fit. The role of 
autologous HCT in the intermediate-risk group out-
side of clinical trials is diminishing due to improve-
ments in allogeneic transplants, which are expanding 
the pool of potential donors outside the family set-
ting. Although autologous HCT is still incorporated 
into the clinical trial design in Europe, the consensus 
of the NCCN AML Panel was that autologous HCT 
should not be a recommended consolidation therapy 
outside the setting of a clinical trial. Clinical trial 
participation is encouraged. Other options for this 

group include clinical trials or multiple courses (3–
4) of HiDAC consolidation.62 HiDAC (3 g/m2) with 
midostaurin may also be considered for patients with 
FLT3-positive AML.28 Alternative regimens incor-
porating intermediate doses of cytarabine (1.5 g/m2) 
 may be reasonable in patients with intermediate-
risk disease. Comparable 5-year DFS rates were re-
ported in patients aged <60 years with NK-AML 
after either 4 cycles of intermediate- or high-dose cy-
tarabine (41%) or autologous HCT (45%).62 At this 
time, there is no evidence that HiDAC (2–3 g/m2) is 
superior to intermediate-dose (1.5 g/m2) cytarabine 
in patients with intermediate-risk AML. 

The panel strongly recommends clinical tri-
als as standard therapy for patients with poor prog-
nostic features, which include FLT3 abnormalities 
in the setting of otherwise NK-AML, high WBC  
(>50,000/mcL) at diagnosis, or 2 cycles of induc-
tion therapy needed to achieve CR. If cytogenetic 
remission is observed, consolidation therapy is rec-
ommended. Allogeneic HCT with matched-sibling 
or matched-alternative donor (including umbilical 
cord blood products) as consolidation therapy for 
patients with poor-risk cytogenetics or molecular ab-
normalities is a treatment option. For patients with 
FLT3-positive AML, HiDAC-based consolidation 
with midostaurin28 may be considered to maintain 
remission while searching for a potential matched 
donor. 

Management of AML in 
Patients Aged >60 Years
Induction Therapy 
The creation of separate guidelines for patients 
aged >60 years recognizes the poor outcomes in 
this group treated with standard cytarabine and an 
anthracycline. In this patient population, the pro-
portion of those with favorable CBF translocations 
decreases, in addition to those with isolated NPM1 
mutations, whereas the number of patients with un-
favorable karyotypes and mutations increases. How-
ever, it should be noted that NPM1 mutations in 
older patients remain a positive prognostic factor, 
as seen in the UK National Cancer Research Insti-
tute (NCRI) AML 16 trial wherein this age group 
had higher remission rates irrespective of the treat-
ment approach.63 Similar to younger patients, only 
the combined wild-type FLT3 and NPM1 mutant 
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group had improved survival. This same study also 
demonstrated that the FLT3 mutation did not affect 
remission rates, although there was an association 
with inferior survival. Secondary AML, related to ei-
ther prior MDS or prior chemotherapy, also increases  
along with a higher rate of multidrug resistance pro-
tein expression. Although studies in the Swedish 
Acute Leukemia Registry documented improvement 
in outcomes for patients aged <60 years during the 
past 3 decades, no similar improvement was observed 
for the older population.64,65 Treatment-related mor-
tality frequently exceeds any expected transient 
response in this group, particularly in patients >75 
years or those who have significant comorbid condi-
tions or ECOG performance status >2. 

For older patients (age >60 years) with AML, 
the panel recommends using patient performance 
status, in addition to adverse features (eg, de novo 
AML without favorable cytogenetics or molecu-
lar markers; therapy-related AML; antecedent he-
matologic disorder) and comorbid conditions, to 
select treatment options rather than rely on a pa-
tient’s chronologic age alone. Comprehensive geri-
atric assessments are complementary to assessment 
of comorbid conditions and are emerging as better 
predictive tools of functional status.66,67 A treatment 
decision-making algorithm for previously untreated, 
medically fit, elderly patients (age ≥60 years) with 
AML was developed by the German AML coopera-
tive group. Based on data from a large study in el-
derly patients (n=1,406), patient and disease factors 
significantly associated with CR and/or early death 
were identified and risk scores were developed based 
on multivariate regression analysis.68 The predic-
tive model was subsequently validated in an inde-
pendent cohort of elderly patients (n=801) treated 
with 2 courses of induction therapy with cytarabine 
and daunorubicin. The algorithm, with or without 
knowledge of cytogenetic or molecular risk factors, 
predicts the probability of achieving a CR and the 
risk for an early death for elderly patients with un-
treated AML who are medically fit and therefore 
considered eligible for standard treatments.68 The 
factors included in the algorithm are body tem-
perature (≤38°C and >38 °C), hemoglobin lev-
els (≤10.3 and >10.3 g/dL), platelet counts (≤28K, 
>28K to ≤53K, >53K to ≤10K, and >10K counts/
mcL), fibrinogen levels (≤150 and >150 mg/dL), 
age at diagnosis (60–64, >64–67, >67–72, and >72 

years), and type of leukemia (de novo and second-
ary). The algorithm can be accessed online at http://
www.aml-score.org/. 

Another comprehensive predictive model for 
early death after induction in patients with newly di-
agnosed AML suggests that age may be a reflection 
of other covariants, and the evaluation of these fac-
tors may provide a more accurate predictive model. 
The model includes performance score, age, platelet 
count, serum albumin, presence or absence of second-
ary AML, WBC count, peripheral blood blast percent-
age, and serum creatinine. These factors, when taken 
together, result in a predictive accuracy based on the 
area under the curve (AUC) of 0.82 (a perfect correla-
tion is an AUC of 1.0).69 This model is complex, and 
currently there is not a tool available to implement 
this model. A shortened form of the model was based 
on covariants that include age, performance status, 
and platelet count. The simplified model provides an 
AUC of 0.71, which is less accurate than the complex 
model but may be more accurate than decision-mak-
ing strategies based solely on age.69

Older adults with intact functional status (ie, 
ECOG score 0–2), minimal comorbidity, and de 
novo AML without unfavorable cytogenetics or 
molecular markers, without antecedent hematolog-
ic disorder, and without therapy-related AML may 
benefit from standard therapies regardless of chrono-
logic age. A reasonable treatment regimen for these 
patients includes SDAC (100–200 mg/m2 by contin-
uous infusion per day for 7 days) along with 3 days 
of anthracycline. Although patients aged >75 years 
with significant comorbidities generally do not ben-
efit from conventional chemotherapy treatment, the 
rare patient with favorable-risk or NK-AML and no 
significant comorbidities might be the exception to 
this dogma. For patients with NK-AML, the remis-
sion rates are 40% to 50% with cytarabine combined 
with idarubicin, daunorubicin, or mitoxantrone. The 
randomized study from the Acute Leukemia French 
Association (ALFA)-9801 study (n=468) showed 
that idarubicin induction (the standard 12 mg/m2 
daily for 3 days or intensified with 12 mg/m2 daily for 
4 days) compared with high-dose daunorubicin (up 
to 80 mg/m2) yielded a significantly higher CR rate 
in patients aged 50 to 70 years (80% vs 70%, respec-
tively; P=.03).22 The median OS for all patients was 
17 months. The estimated 2-year EFS and OS rates 
were 23.5% and 38%, respectively, and the estimat-
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ed 4-year EFS and OS rates were 18% and 26.5%, 
respectively; no differences were observed between 
treatment arms with regard to EFS, OS, and cumula-
tive relapse rates.22 

The ALFA-9803 study (n=416) evaluated (dur-
ing first randomization) induction with idarubicin 
(9 mg/m2 daily for 4 days) compared with daunoru-
bicin (45 mg/m2 daily for 4 days) in patients aged 
≥65 years.70 In this trial, the CR rate after induc-
tion was 57% and induction death occurred in 10% 
of patients. The median OS for all patients was 12 
months; the estimated 2-year OS rate was 27%. No 
significant differences in these outcomes were seen 
between anthracycline treatment arms.70 Long-term 
outcomes based on a combined analysis of data from 
the ALFA-9801 and -9803 trials (n=727) showed 
superior results with standard idarubicin induction  
(36 mg/m2 total dose) compared with daunorubicin 
induction (240 mg/m2 total dose for patients aged 
<65 years; 180 mg/m2 total dose for patients aged ≥65 
years) in older patients with AML (age ≥50 years).71 
At a median actuarial follow-up of 7.5 years, the 
median OS for all patients included in the analysis 
was 14.2 months. The estimated 5-year OS rate was 
15.3% and the overall cure rate was 13.3%. Induc-
tion with standard idarubicin was associated with a 
significantly higher cure rate compared with dauno-
rubicin (16.6% vs 9.8%; P=.018). In the group of pa-
tients aged <65 years, standard idarubicin was still 
associated with a significantly higher cure rate than 
daunorubicin despite the high dose (240 mg/m2 total 
dose) of daunorubicin (27.4% vs 15.9%; P=.049).71

In the HOVON trial, which randomized pa-
tients aged ≥60 years to induction therapy with 
SDAC combined with either standard-dose dauno-
rubicin (45 mg/m2 daily for 3 days; n=411) or dose-
escalated daunorubicin (90 mg/m2 daily for 3 days; 
n=402), the CR rates were 54% and 64%, respec-
tively (P=.002).72 No significant differences were ob-
served in EFS, DFS, or OS outcomes between treat-
ment arms. Among the subgroup of patients aged 60 
to 65 years (n=299), an advantage with dose-escalat-
ed compared with standard-dose daunorubicin was 
observed with regard to rates of CR (73% vs 51%), 
2-year EFS (29% vs 14%), and 2-year OS (38% vs 
23%). These outcomes with dose-escalated dau-
norubicin seemed similar to those with idarubicin  
(12 mg/m2 daily for 3 days) from the ALFA-9801 
study, in which the 4-year EFS and OS rates were 

21% and 32%, respectively.22 In the HOVON trial, 
the benefit in OS outcomes for the dose-escalated 
daunorubicin group was observed only in patients 
aged ≤65 years or in those with CBF translocations.72

There are conflicting data about the use of gem-
tuzumab ozogamicin (GO) for older patients with 
AML. Three phase III randomized trials evaluated the 
efficacy and safety of adding the anti-CD33 antibody-
drug conjugate GO to induction therapy with dauno-
rubicin and cytarabine in older patients with previ-
ously untreated AML.73,74 In the phase III ALFA-0701 
trial, patients aged 50 to 70 years with de novo AML 
(n=280) were randomized to receive induction with 
daunorubicin (60 mg/m2 daily for 3 days) and cytara-
bine (200 mg/m2 continuous infusion for 7 days), with 
or without (control arm) fractionated GO at 3 mg/m2 
given on days 1, 4, and 7.74 Patients with persistent 
marrow blasts at day 15 received additional daunoru-
bicin and cytarabine. Patients with a CR/CR with in-
complete recovery of peripheral blood counts (CRi) 
after induction received 2 consolidation courses with 
daunorubicin and cytarabine, with or without GO (3 
mg/m2 on day 1). The CR/CRi after induction was 
similar between the GO and control arms (81% vs 
75%). The GO arm was associated with significantly 
higher estimated 2-year EFS (41% vs 17%; P=.0003), 
RFS (50% vs 23%; P=.0003), and OS (53% vs 42%; 
P=.0368) rates compared with control.74 The GO 
arm was associated with a higher incidence of hema-
tologic toxicity (16% vs 3%; P<.0001); this was not 
associated with an increase in the risk of death from 
toxicity.74 In another multicenter, phase III, random-
ized trial from the United Kingdom and Denmark 
(AML 16 trial), patients aged >50 years with previ-
ously untreated AML or high-risk MDS (N=1,115) 
were randomized to receive daunorubicin-based in-
duction (daunorubicin combined with cytarabine or 
clofarabine) with or without (control) GO (3 mg/m2  
on day 1 of course 1 of induction).73 Median age was 
67 years (range, 51–84 years) and 98% of patients 
were aged ≥60 years; 31% were aged ≥70 years. The 
CR/CRi rate after induction was similar between the 
GO and control arms (70% vs 68%). The GO arm 
was associated with significantly lower 3-year cumula-
tive incidence of relapse (68% vs 76%; P=.007) and 
higher rates of 3-year RFS (21% vs 16%; P=.04) and 
OS (25% vs 20%; P=.05) compared with the con-
trol arm. The early mortality rates were not differ-
ent between treatment arms (30-day mortality rate, 
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9% vs 8%); in addition, no major increase in AEs 
were observed with GO.73 These 2 trials suggest that 
the addition of GO to standard induction regimens  
reduced the risk of relapse and improved OS outcomes 
in older patients with previously untreated AML.

The third phase III trial combining GO with 
chemotherapy showed a different result than the 
other 2. In this study, patients between the ages of 61 
and 75 years were given chemotherapy consisting of 
mitoxantrone, cytarabine, and etoposide (n=472).75 
Half of the patients were given 6 mg/m2 GO before 
chemotherapy on days 1 and 15. In remission, treat-
ment included 2 courses of consolidation with or 
without 3 mg/m2 GO on day 0. The OS between the 
groups was similar (GO, 45% vs no GO, 49%), but 
the induction and 60-day mortality rates were higher 
in the patients given GO (17% vs 12% and 22% vs 
18%, respectively). Only a small subgroup of patients 
<70 years of age with secondary AML showed any 
benefit of treatment. Combined with the increased 
toxicity, the results of this study suggest that GO 
does not provide an advantage over standard chemo-
therapy for older patients with AML.75 

Conflicting studies have led to the publication of 
several recent systematic reviews and meta-analyses. 
A larger systematic review, inclusive of any random-
ized controlled trials that investigated the benefit of 
anti-CD33 antibody therapy regardless of whether 
treatment was in de novo or secondary disease, con-
cluded that the data from 11 trials showed increased 
induction deaths (P=.02) and reduced residual dis-
ease (P=.0009).76 Despite improved RFS (HR, 0.90; 
95% CI, 0.84–0.98; P=.01), no OS benefit was mea-
sured (HR, 0.96; 95% CI, 0.90–1.02; P=.2). Two oth-
er meta-analyses showed improved RFS, although 
induction death was elevated.77,78 Conversely, a 
fourth meta-analysis evaluating 5 trials with 3,325 
patients aged ≥15 years showed a reduced risk of re-
lapse (P=.0001) and improved 5-year OS (OR, 0.90; 
95% CI, 0.82–0.98; P=.01) with the addition of GO 
to conventional induction therapy.79 It was noted 
that the greatest survival benefit was seen in patients 
with favorable cytogenetics; some benefit was seen in 
patients with intermediate cytogenetics, but no ben-
efit was reported with the addition of GO in patients 
with adverse cytogenetics. These studies underscore 
the need for further investigation into the possible 
benefits of GO for the treatment of AML. As previ-
ously mentioned, GO is currently not available in 

the United States after the FDA withdrew its prior 
approval of the drug for treatment of older patients 
in the relapsed AML setting due to concerns about 
early, nonrelapse mortality rates in clinical trials in 
younger patients, further complicating its use.

Another option for patients who are medical-
ly fit is the purine nucleoside analogue clofarabine 
(currently FDA-approved only for the treatment 
of relapsed or refractory pediatric ALL). In a large 
phase II study from the MD Anderson Cancer Cen-
ter, older patients (n=112; age >60 years; median 
age, 71 years), who frequently had additional risk 
factors present, received clofarabine (30 mg/m2 in-
travenously for 5 days).80 CR/CRi was achieved in 
46% of patients, with a 30-day mortality rate of 10%. 
Patients who experienced a remission continued to 
receive therapy every 4 to 6 weeks to maintain re-
mission for up to 6 additional treatment cycles. For 
the entire patient cohort, the median DFS and OS 
were 37 and 41 weeks, respectively; patients expe-
riencing a CR had a median OS of 72 weeks.80 In 
a pooled analysis of data from 2 European phase 
II studies that also evaluated first-line clofarabine  
(30 mg/m2 intravenously for 5 days, up to 4–6 cours-
es) in older patients considered unsuitable for in-
tensive chemotherapy (age ≥60 years; median age, 
71 years), monotherapy with clofarabine resulted 
in a CR in 32% of patients.81 An additional 16% 
achieved CRi. Unfavorable risk cytogenetics were 
present in 30% of patients, and 36% had a WHO 
performance status score of 2 or worse. The 30-day 
mortality rate was 18% in this analysis. The medi-
an OS for all patients was 19 weeks; the median OS 
among the patients achieving a CR was 47 weeks.81 
A recent randomized trial from the UK NCRI com-
pared the efficacy and safety of first-line therapy with 
clofarabine (20 mg/m2 intravenously for 5 days, up to 
4 courses) versus low-dose cytarabine (20 mg twice 
daily subcutaneously for 10 days, every 6 weeks up to 
4 courses) in previously untreated older patients with 
AML and high-risk MDS (n=406; median age, 74 
years).82 Treatment with clofarabine resulted in a sig-
nificantly higher overall response rate (ORR; 38% vs 
19%; P<.0001) and CR rate (22% vs 12%; P=.005) 
compared with low-dose cytarabine. However, no 
differences were observed in the 2-year OS rate 
(13% vs 12%, respectively), and the 30-day mortal-
ity rate (induction death) was not significantly dif-
ferent (18% vs 13%, respectively). Treatment with 
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clofarabine was associated with significantly higher 
incidences of grade 3 or 4 gastrointestinal toxicities 
and hepatic toxicity, as well as a higher mean num-
ber of days in the hospital and days on antibiotics 
compared with low-dose cytarabine.82 

Several studies have evaluated the combination 
of clofarabine with low-dose cytarabine in older pa-
tients with AML. In an earlier study from the MD 
Anderson Cancer Center, older patients with pre-
viously untreated AML (age ≥60 years; median age, 
71 years) were randomized to receive induction with 
either clofarabine alone (n=16; 30 mg/m2 intrave-
nously for 5 days) or clofarabine combined with low-
dose cytarabine (n=54; 20 mg/m2 subcutaneously for 
14 days).83 All patients were admitted to a laminar 
air flow room during induction (generally lasting 30 
days), and anti-infective prophylaxis included anti-
viral and antifungal therapies. Patients received con-
solidation with 3 days of clofarabine, with or with-
out 7 days of cytarabine. The combination regimen 
resulted in a significantly higher CR rate compared 
with clofarabine alone (63% vs 31%; P=.025), with 
a lower induction mortality rate (19% vs 31%; P = 
not significant). Although the combination regi-
men resulted in an improved EFS (median, 7.1 vs 
1.7 months; P=.04), median OS was not significantly 
different (11.4 vs 5.8 months) compared with clo-
farabine alone.83 

A phase II Spanish study evaluated the combi-
nation of clofarabine (20 mg/m2 intravenously for 5 
days) and cytarabine (20 mg/m2 subcutaneously for 
14 days) in older patients with previously untreated 
AML (age ≥60 years).84 Patients with less than a CR 
with the first course could receive another induction 
course; consolidation comprised 5 days of clofara-
bine (15 mg/m2) and 7 days of low-dose cytarabine 
(20 mg/m2) up to 10 courses. The study was designed 
to enroll 75 patients; however, after enrolling 11 
patients (median age, 74 years), the study was dis-
continued because of high toxicity and unacceptable 
mortality rates. The mortality rate at 4 weeks was 
46% (n=5) and at 8 weeks was 73% (n=8).84 The 
poorer outcomes reported in this trial compared with 
the earlier MD Anderson trial may, in part, be ex-
plained by the older age and frequent comorbidity 
of patients in the former study, as well as potential 
differences in the extent of monitoring (eg, outpa-
tient vs inpatient) and supportive care practices (eg, 
anti-infective prophylaxis and infection monitoring) 

between the studies. Although the combination of 
clofarabine and low-dose cytarabine appears prom-
ising in older patients who may not be suitable for 
standard induction therapies, rigorous monitoring 
and supportive care measures are needed to minimize 
toxicities.

The role of clofarabine monotherapy compared 
with standard induction regimens in the treatment 
of older patients with AML remains undefined. The 
ECOG-ACRIN Cancer Research Group phase III 
trial was designed to compare induction therapy 
with single-agent clofarabine versus cytarabine/dau-
norubicin in patients aged >60 years (n=727).85,86 
Patients received either continuation of clofarabine 
or intermediate-dose cytarabine as consolidation 
therapy. At median follow-up (7.6 months), 374 pa-
tients had died (174 in the cytarabine/daunorubicin 
arm and 200 in the clofarabine arm).85 Although the 
CR and induction mortality were similar between 
the groups, a significantly inferior OS was measured 
in the clofarabine monotherapy treatment arm (HR, 
1.41; 95% CI, 1.12–1.78).85 In an updated analysis 
with longer median follow-up (18.3 months), treat-
ment arm (P=.003), adverse cytogenetic risk group 
(P=.02), increasing age (P=.03), and baseline WBC 
count (<10,000/mcL; P=.03) were each indepen-
dently associated with higher risk of receiving a sec-
ond cycle of induction, but there was no significant 
differences between CR/CRi or median OS in pa-
tients receiving 1 or 2 induction cycles.86 

An international, randomized, phase III study by 
Fenaux et al87 compared the hypomethylating agent 
5-azacitidine with conventional care (best support-
ive care, low-dose cytarabine, or intensive chemo-
therapy) in patients with MDS (n=358). Although 
this study was designed for evaluation of treatment 
in patients with high-risk MDS (based on FAB cri-
teria), 113 study patients (32%) fulfilled criteria for 
AML using the 2008 WHO classification, with mar-
row-blast percentages between 20% and 30%.87,88 In 
the subgroup of these patients with AML, a signifi-
cant survival benefit was found with 5-azacitidine 
compared with conventional care regimens, with a 
median OS of 24.5 versus 16 months (HR, 0.47; 95% 
CI, 0.28–0.79; P=.005).88 The 2-year OS rates were 
50% and 16%, respectively (P=.001). 

Another hypomethylating agent, decitabine, has 
also been evaluated as remission induction therapy 
for older patients with AML.89 In a phase II study in 
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previously untreated patients aged ≥60 years (n=55; 
median age, 74 years), the overall CR rate with this 
agent (20 mg/m2 for 5 days every 28 days) was 24% 
(including 6 of 25 patients [24%] with poor-risk cy-
togenetics), and the median EFS and OS were 6 and 
8 months, respectively.89 An earlier phase I study 
evaluated different dose schedules of decitabine in 
patients with relapsed/refractory leukemias (n=50; 
AML diagnosis, n=37).90 In this study, decitabine 
was given at 5, 10, 15, or 20 mg/m2 for 5 days per 
week for 2 to 4 consecutive weeks (ie, 10, 15, or 20 
days). The decitabine dose of 15 mg/m2 for 10 days 
(n=17) was associated with the highest response 
rates, with an ORR of 65% and a CR rate of 35%. 
Among the patients with relapsed/refractory AML 
(n=37), the ORR was 22%, with a CR of 14% across 
all dose levels.90 Results of a phase II study target-
ing older patients (age ≥60 years) with AML who 
were not candidates for or refused intensive thera-
py, in which subjects received a decitabine dose of  
20 mg/m2 for 10 days, demonstrated a CR rate of 
47% (n=25) after a median of 3 cycles of therapy.91 

In an open-label randomized phase III study, 
decitabine (20 mg/m2 for 5 days every 28 days) was 
compared with physician’s choice (either low-dose 
cytarabine or supportive care) in older patients (age 
≥65 years) with newly diagnosed AML.92 Based on 
the protocol-specified final analysis of the primary 
end point (OS), decitabine was associated with a 
statistically nonsignificant trend for increased me-
dian OS compared with physician’s choice (7.7 vs 5 
months; HR, 0.85; 95% CI, 0.69–1.04; P=.108). A 
subsequent post hoc analysis of OS with additional 
follow-up time showed the same median OS with 
a statistically significant advantage associated with 
decitabine (HR, 0.82; 95% CI, 0.68–0.99; P=.037). 
The CR (including CRi) rate was significantly high-
er with decitabine (18% vs 8%; P=.001).92 The most 
common treatment-related AEs with decitabine ver-
sus cytarabine included thrombocytopenia (27% vs 
26%), neutropenia (24% vs 15%), febrile neutro-
penia (21% vs 15%), and anemia (21% vs 20%). 
The 30-day mortality rates were similar between the 
decitabine and cytarabine groups (9% vs 8%).92 Both 
azacitidine and decitabine are approved by the FDA 
for the treatment of MDS. 

The UK NCRI AML 14 trial randomized 217 
older patients (primarily age >60 years; de novo 
AML, n=129; secondary AML, n=58; high-risk 

MDS, n=30) unfit for chemotherapy to receive ei-
ther low-dose cytarabine subcutaneously (20 mg 
twice daily for 10 consecutive days, every 4–6 weeks) 
or hydroxyurea (given to maintain target WBC 
counts <10,000/mcL).93 Patients were also random-
ized to receive all-trans retinoic acid (ATRA) or no 
ATRA. Low-dose cytarabine resulted in a CR rate 
of 18% (vs 1% with hydroxyurea) and a survival 
benefit compared with hydroxyurea in patients with 
favorable or NK-AML. No advantage was observed 
with the addition of ATRA. Median DFS in patients 
who achieved a CR with low-dose cytarabine was 8 
months.93 Even with this “low-intensity” treatment 
approach, induction death occurred in 26% of pa-
tients, and overall prognosis remained poor for older 
patients who cannot tolerate intensive chemother-
apy regimens. A phase II study evaluated a regimen 
with low-dose cytarabine (20 mg twice daily for 10 
days) combined with clofarabine (20 mg/m2 daily for 
5 days) in patients aged ≥60 years with previously 
untreated AML (n=60; median age, 70 years; range, 
60–81 years).94 Patients with a response received 
consolidation (up to 17 courses) with clofarabine 
plus low-dose cytarabine alternated with decitabine. 
Among evaluable patients (n=59), the CR rate was 
58% and median RFS was 14 months. The median 
OS for all patients was 12.7 months. The induction 
mortality rate was 7% at 8 weeks.94 Although this 
regimen appeared to be active in older patients with 
AML, the authors noted that the benefits of pro-
longed consolidation remain unknown.

Novel regimens that incorporate nonchemother-
apy agents are currently under investigation in the 
management of older patients with AML. Lenalido-
mide—a thalidomide analogue—is an immunomod-
ulating agent that has demonstrated activity against 
myeloid malignancies, including MDS. In a phase I/II 
study that evaluated sequential therapy with 5-azaciti-
dine followed by lenalidomide in older patients with 
previously untreated AML (n=18), the regimen re-
sulted in a CR in 44% of patients (including CRi).95 
The median duration of response was approximately 6 
months. The maximum tolerated dose of the regimen 
was not reached in this study. The most common AEs 
included fatigue, injection site reactions, gastrointes-
tinal events, and febrile neutropenia.95 A recent trial 
evaluated this regimen with sequential 5-azacitidine 
and lenalidomide in older patients (age ≥60 years) 
with previously untreated AML not eligible for stan-
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dard induction chemotherapy (n=45; n=42 evaluat-
ed)96; 7 patients (17%) had a prior diagnosis of MDS, 
and 5 of these patients had received prior treatment 
with hypomethylating agents for MDS (5-azacitidine, 
n=5; decitabine, n=1). The ORR was 41%, including 
a CR in 19% and CRi in 9% of patients.96 The medi-
an duration of response was 28 weeks and the median 
OS for patients with cancer that responded to treat-
ment was 69 weeks. Early death (death within 4 weeks 
from start of treatment) occurred in 17% of patients; 
median OS for all patients was 20 weeks.96 The most 
common treatment-related AEs included grade 1 or 
2 gastrointestinal toxicities, injection site reactions, 
fatigue, and rash/pruritus; grade 3 AEs were uncom-
mon, and no grade 4 or 5 treatment-related toxicities 
were reported. Additional studies with larger numbers 
of patients are needed to further evaluate the efficacy 
and safety profile of this combination approach.

Recent studies are investigating the liposomal 
combination of daunorubicin and low-dose cytara-
bine (CPX-351) as a novel method of administering 
therapy and have found it to be efficacious in older 
patients with secondary AML.97,98 In a phase II trial 
that randomized 2:1 newly diagnosed older patients 
(age ≥60 years) with AML (n=126) to first-line 
CPX-351 or 7+3 treatment,98 CPX-351 produced 
higher response rates (CPX-351, 66.7% vs 7+3, 
51.2%; P=.07); however, differences in EFS and OS 
were not statistically significant.98 A planned analy-
sis of the secondary AML subgroup showed an im-
proved response rate (57.6% vs 31.6%; P=.06) and 
prolongation of EFS (HR, 0.59; P=.08).98 Phase III 
studies are ongoing in patients with newly diagnosed 
secondary AML. 

Older adults with newly diagnosed AML who 
are candidates for intensive remission induction 
therapy may be managed with one of the following 
options: clinical trial or standard infusional cytara-
bine and anthracycline. For patients who exceed an-
thracycline dose guidelines or have cardiac issues but 
who are still fit enough to receive aggressive therapy, 
alternative non–anthracycline-containing regimens 
may be considered. For patients with unfavorable 
cytogenetic/molecular markers, antecedent hema-
tologic disorder, or therapy-related AML, treatment 
options include clinical trial, lower-intensity therapy 
with hypomethylating agents (eg, 5-azacytidine or 
decitabine), standard infusional cytarabine and an-
thracycline, or clofarabine with or without SDAC 

(category 3 recommendation). Data from the CAL-
BG 10603/RATIFY study suggest a survival benefit 
with SDAC and anthracycline with midostaurin for 
patients with FLT3-positive AML28; therefore, this 
regimen may also be considered.

For patients who are not candidates for intensive 
remission induction therapy or if a patient declines 
intensive therapy, treatment options include a clini-
cal trial, lower-intensity therapy with hypomethylat-
ing drugs 5-azacitadine and decitabine, or low-dose 
cytarabine, which has been the comparator arm in 
several clinical trials in older unfit patients. In this 
context, the hypomethylating agents are preferred. 
Best supportive care with hydroxyurea and transfu-
sion support should also be considered.

Postinduction Therapy 
Similar to younger patients, older patients who re-
ceive standard cytarabine/anthracycline induction 
with or without midostaurin receive a bone marrow 
evaluation 14 to 21 days after start of therapy and 
are categorized according to the presence of blasts or 
hypoplasia. Patients with hypoplasia should await re-
covery of counts before continuing to postremission 
therapy. Patients with residual disease without hy-
poplasia may receive additional SDAC with an an-
thracycline or mitoxantrone. Alternatively, patients 
with FLT3-mutation–positive AML may receive 
additional SDAC with daunorubicin and midostau-
rin.28 If daunorubicin (90 mg/m2) was used in induc-
tion, the recommended dose for reinduction before 
count recovery is 45 mg/m2 for no more than 2 doses. 
Similarly, if idarubicin (12 mg/m2) was used for in-
duction, the early reinduction dose should be limited 
to 10 mg/m2 for 1 or 2 doses. Intermediate-dose cy-
tarabine-containing regimens, RIC allogeneic HCT, 
or best supportive care are also treatment options. 
Reduced-intensity transplant is a reasonable option 
in patients with identified donors available to start 
conditioning within 4 to 6 weeks from start of induc-
tion therapy. Patients without an identified donor 
would most likely need some additional therapy as a 
bridge to transplant. Additionally, it is acceptable to 
await recovery in these patients, because many will 
enter remission without further treatment. Regard-
less of treatment, all patients receiving postinduc-
tion therapy after SDAC should have a repeat bone 
marrow evaluation to document remission status. 
Because many older patients have some evidence 
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of antecedent myelodysplasia, full normalization of 
peripheral blood counts often does not occur even if 
therapy clears the marrow blasts. Thus, many phase 
I/II trials for AML in the older patient include cat-
egories such as CRi for patients who have <5% mar-
row blasts but mild residual cytopenias.

Many of the newer treatment strategies are de-
signed to work more gradually using agents that may 
allow expression of tumor suppressor genes (eg, a 
methyltransferase inhibitor such as decitabine or 
5-azacitidine) or increase apoptosis (eg, histone 
deacetylase inhibitors). Thus, success in these tri-
als may be assessed using indirect measures, such as 
hematologic improvement or decreased transfusion 
requirements and survival, without actually achiev-
ing CR. Frequently, in these trials, marrow exami-
nation is not performed until completion of 1 to 2 
cycles of therapy.

Postremission Therapy 
Patients who achieve a CR (including CRi) with 
standard induction chemotherapy may receive fur-
ther consolidation with these same agents. The 
French ALFA 9803 trial randomized patients aged 
≥65 years who experienced remission (n=164; ran-
domized for postremission therapy) to consolidation 
with either 1 additional course of SDAC (200 mg/m2 

daily for 7 days) plus the anthracycline to which 
they had been randomized for induction (idarubicin, 
9 mg/m2 daily for 4 days or daunorubicin, 45 mg/m2 

daily for 4 days) or 6 monthly courses of anthracy-
cline (1 day only) at the above doses and 60 mg/m2 
of cytarabine every 12 hours as a subcutaneous in-
fusion at home for 5 days each month.70 Based on 
intent-to-treat analysis, patients randomized to the 
ambulatory arm had a significantly higher 2-year 
DFS rate (28% vs 17%; P=.04) and OS rate (from 
time of CR; 56% vs 37%; P=.04) compared with 
those receiving the single course of intense chemo-
therapy consolidation. In addition, the 2-year death 
rate IN CR was significantly lower in the ambulatory 
arm (0% vs 5%; P=.04) and no difference was ob-
served in the cumulative relapse rate between arms.70 
Although the CALGB trial did not show an overall 
benefit for higher doses of cytarabine consolidation 
in older patients, a subset of patients with a good per-
formance status, normal renal function, and a nor-
mal or low-risk karyotype might be considered for a 

single cycle of cytarabine (1.0–1.5 g/m2 daily for 4–6 
doses) without an anthracycline. 

The role of myeloablative allogeneic HCT is lim-
ited in older patients because of significant comor-
bidities; however, ongoing interest has been shown 
in RIC allogeneic HCT as consolidation therapy.99,100 

Case series and analysis of registry data have report-
ed encouraging results, with 40% to 60% 2-year OS 
rates and 20% nonrelapse mortality for patients who 
underwent transplant in remission.99,100 In a retro-
spective analysis comparing outcomes with RIC al-
logeneic HCT and autologous HCT in patients aged 
≥50 years based on large registry data, RIC allogeneic 
HCT was associated with lower risk for relapse and 
superior DFS and OS relative to autologous HCT.99 
The authors also noted that a survival benefit was 
not observed in the subgroup of patients undergo-
ing RIC allogeneic HCT in first CR because of an 
increased incidence of nonrelapse mortality. 

Estey et al101 prospectively evaluated a protocol 
in which patients aged ≥50 years with unfavorable 
cytogenetics would be evaluated for a RIC allogeneic 
HCT.101 Of the 259 initial patients, 99 experienced a 
CR and were therefore eligible for HCT evaluation. 
Of these patients, only 14 ultimately underwent 
transplantation because of illness, lack of donor, re-
fusal, or unspecified reasons. The authors compared 
the results of RIC allogeneic HCT with those from 
matched subjects receiving conventional-dose che-
motherapy. This analysis suggested that RIC alloge-
neic HCT was associated with improved RFS, and 
the authors concluded that this approach remains 
of interest.101 In an analysis of outcomes between 
2 different strategies for matched sibling allogeneic 
HCT, outcomes in younger patients (age ≤50 years; 
n=35) receiving conventional myeloablative allo-
geneic HCT were compared with those in older pa-
tients (age >50 years; n=39) receiving RIC allogene-
ic HCT.102 This study showed similar rates of 4-year 
nonrelapse mortality (19% and 20%, respectively), 
and no difference was seen in relapse and OS rates.102 

A retrospective study based on data in older pa-
tients (range, 50–70 years) with AML compared out-
comes in patients who underwent allogeneic HCT 
(either myeloablative conditioning or RIC; n=152) 
and those who did not receive HCT in first CR (che-
motherapy only; n=884).103 Allogeneic HCT in first 
CR was associated with a significantly lower 3-year 
cumulative relapse rate (22% vs 62%; P<.001) and a 
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higher 3-year RFS rate (56% vs 29%; P<.001) com-
pared with the non-HCT group. Although HCT was 
associated with a significantly higher rate of non-
relapse mortality (21% vs 3%; P<.001), the 3-year 
OS rate showed a survival benefit with HCT (62% 
vs 51%; P=.012).103 Among the patients who under-
went allogeneic HCT, myeloablative conditioning 
was used in 37%, whereas RIC was used in 61%. Sur-
vival outcomes between these groups were similar, 
with 3-year OS rates of 63% and 61%, respectively.103 

Another study evaluating treatment in older pa-
tients (range, 60–70 years) compared outcomes be-
tween RIC allogeneic HCT reported to the Center 
for International Blood and Marrow Transplant Re-
search (n=94) and standard chemotherapy induction 
and postremission therapy from the CALGB stud-
ies (n=96).104 Allogeneic HCT in first CR was as-
sociated with significantly lower 3-year relapse rates 
(32% vs 81%; P<.001) and higher 3-year leukemia-
free survival rates (32% vs 15%; P<.001) compared 
with the chemotherapy-only group. As would be ex-
pected, allogeneic HCT was associated with a sig-
nificantly higher rate of nonrelapse mortality (36% 
vs 4%; P<.001) at 3 years; the 3-year OS rate was not 
significantly different between the groups (37% vs 
25%; P=.08), although there was a trend favoring al-
logeneic HCT.104 A prospective multicenter phase II 
study examined the efficacy of RIC allogeneic HCT 
in older patients (range, 60–74 years) with AML 
in first CR (n=114).105 After allogeneic HCT, DFS 
and OS at 2 years were 42% (95% CI, 33%–52%) 
and 48% (95% CI, 39%–58%), respectively, for the 
entire group.105 A time-dependent analysis of 4 suc-
cessive prospective HOVON/SAKK AML trials ex-
amined data from patients aged ≥60 years who ex-
perienced a first CR after induction chemotherapy 
(n=640).106 For patients who received allogeneic 
HCT as postremission therapy (n=97), the 5-year 
OS rate was 35% (95% CI, 25%–44%).106

Collectively, these studies suggest that RIC al-
logeneic HCT is a feasible treatment option for pa-
tients aged ≥60 years, particularly those in first CR 
with minimal comorbidities and who have an avail-
able donor. For this strategy to be better used, poten-
tial transplant options should be considered during 
induction therapy, and alternative donor options/
searches should be explored earlier in the disease 
management. The guidelines note that RIC allo-
geneic HCT is considered an additional option for 

patients aged ≥60 years as postremission therapy in 
those experiencing a CR to induction therapy. 

For patients who had previously received inten-
sive therapy, a marrow evaluation to document re-
mission status upon hematologic recovery should be 
performed after 4 to 6 weeks. If a CR is observed, a 
clinical trial, SDAC with or without an anthracy-
cline, intermediate-dose cytarabine (for patients who 
are more fit), intermediate-dose cytarabine and mi-
dostaurin for patients with FLT3-mutation–positive 
AML,28 maintenance therapy with hypomethylating 
regimens (ie, 5-azacitidine, decitabine) if the patient 
received hypomethylating agents in induction, or 
observation may be appropriate. Observation is rec-
ommended, because some patients have been able 
to maintain a CR without further treatment. For pa-
tients with induction failure, a clinical trial, alloge-
neic HCT preferably in the context of a clinical trial, 
or best supportive care are recommended treatment 
options. Emerging data are exploring the use of lower-
intensity maintenance therapies to prolong remission 
duration and improve survival of elderly patients with 
AML after intensive treatment.107 A multicenter, 
phase III randomized study investigated the survival 
benefit of adding androgens to maintenance thera-
py in patients with AML aged ≥60 years (n=330).108 
In this study, induction therapy included cytarabine 
(100 mg/m2 on days 1–7), idarubicin (8 mg/m2 on days 
1–5), and lomustine (200 mg/m2 on day 1). Patients 
in CR or PR (n=247) were treated with 6 reinduction 
courses, alternating idarubicin on day 1, cytarabine 
on days 1 to 5, and a regimen of methotrexate and 
mercaptopurine, and randomized to receive androgen, 
norethandrolone (10 or 20 mg/d) according to body 
weight, or no norethandrolone for a 2-year mainte-
nance therapy regimen. Compared with the arm that 
received no androgens, norethandrolone improved 
rates of 5-year DFS (31.2% vs 16.2%, respectively), 
EFS (21.5% vs 12.9%, respectively), and OS (26.3% 
vs 17.2%, respectively).108  

For patients who previously received lower-inten-
sity therapy, a marrow evaluation to document remis-
sion status on hematologic recovery should be per-
formed after 8 to 12 weeks. If a response is observed, a 
clinical trial, reduced-intensity HCT, or continuation 
with hypomethylating regimens (every 4–6 weeks un-
til progression) may be appropriate. If no response or 
progression is seen, a clinical trial or best supportive 
care are recommended treatment options.
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Summary of Principles of AML Treatment
Current management of AML is divided into induc-
tion chemotherapy and postremission (eg, consoli-
dation) therapy. The induction strategy is influenced 
by individual patient characteristics, such as age, 
presence of comorbid conditions affecting perfor-
mance status, and preexisting MDS. Although ob-
taining remission is the first step in controlling the 
disease, it is also important for patients to emerge 

from the induction phase in a condition to tolerate 
subsequent, more intensive treatments during con-
solidation in order to achieve durable disease con-
trol. Strategies for postremission are based on the 
potential risk of relapse, with higher-risk patients 
receiving therapy that is more aggressive. Consistent 
with NCCN philosophy, participation in clinical 
trials is always encouraged. If a clinical trial is not 
an option, then low-intensity therapy or supportive 
care may be the appropriate choice.
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