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Acute Myeloid Leukemia (AML)

https://seer.cancer.gov/statfacts/html/amyl.html
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Gilliland & Griffin,  Blood 2002

Concepts in the evolution of AML



Uribesalgo & Di Croce, BRIEFINGS IN FUNCTIONAL GENOMICS 2011



Clonal hematopoiesis of 
indeterminate potential (CHIP)

Acquired mutations in peripheral blood of healthy adults.

Associated with increased risk of hematologic malignancy (1%/yr).

Jaiswal et al, NEJM 2014; Genovese et al, NEJM 2014

Xie et al, Nat Med  2014; Young et al, Nat Comm 2016Curtesy of Chris Gibson, MD



CHIP & Heart disease

Jaiswal, NEJM 2017

Events OR P value



Weeks & Ebert. Blood 2023



Weeks & Ebert. Blood 2023



Gibson et al. Clin Can Res 2018

תאי אב תקינים

Normal hematopiesis

(סומטי)שינוי גנטי נרכש 

Clonal hematopiesis

מחלה

MDS/AML



Wachter & Pikman, 
Acta Haem 2024



AML is a heterogenous, clonally complex disease1
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1. Ding L, et al. Nature 2012; 481:506–510.

2. Short NJ, et al. Am J Hematol 2019; 94:257–265.

 

Cell type: Normal AML Mutations: Founding Primary specific Relapsed enriched Relapsed specific

Time 

Genetic, epigenetic and metabolic 
insights inform therapeutic goals2



* The presence of TP53 mutation (VAF ≥10% with/without loss of TP53wt) defines the entity AML with TP53mut; 
mut, mutated; VAF, variant allelic frequency; wt, wild type; 1. Adapted from Döhner H, et al. Blood 2022; 140:1345–1377; 
2. Arber DA, et al. Blood 2022; 140:1200–1228; 3. Khoury JD, et al. Leukemia 2022; 36:1703–1719

ICC 2022 and WHO 2022 classification

International Consensus Classification of AML – Hierarchy

≥10% myeloid blasts or blast equivalents in bone marrow or blood

AML-defining recurrent 

genetic abnormalities

TP53mut VAF 

≥10%

ASXL1mut, BCORmut, EZH2mut, 

RUNX1mut, SF3B1mut, 

SRSF2mut, STAG2mut, 

U2AF1mut, and/or ZRSR2mut

Complex karyotype and or 

del(5q)/t(5q)/add(5q), –7/del(7q), +8, 

del(12p)/t(12p)/add(12p), i(17q), 

–17/add(17p)/del(17p), del(20q), or 

idic(X)(q13)

AML, not otherwise 

specified

No No No No

AML with 

recurrent genetic 

abnormality

MDS/AML

with TP53mut

AML with 

TP53mut*

MDS/AML with 

myelodysplasia-

related gene mutation

AML with 

myelodysplasia-

related gene mutation

10–19% ≥20% 10–19% ≥20%

MDS/AML with 

myelodysplasia-

related cytogenetic 

abnormality
AML with 

myelodysplasia-

related cytogenetic 

abnormality

10–19% ≥20%

MDS/AML, 

not otherwise 

specified

AML, 

not otherwise 

specified

10–19% ≥20%

Diagnostic qualifiers appended to any of the above diagnoses

Therapy related
Prior MDS or 

MDS/MPN

Germline 

predisposition

WHO 2022 independent of 

BM and PB blast count 

WHO 2022 does not list +8 or 

del(20q)3

WHO 2022 refers to as: 

AML, defined by 

differentiation3
WHO 2022 does not 

call out TP533

WHO 2022 does not 

list RUNX13



ICC vs. WHO

AML, acute myeloid leukemia; AML-MR, AML-myelodysplasia-related; HMA, hypomethylating agent;  IC, intensive chemotherapy; ICC, International Consensus Classification; 

MDS, myelodysplastic syndrome; Tx, treatment; Ven, venetoclax; WHO, World Health Organization.

1. Arber DA, et al. Blood. 2022;140(11):1200-1228. 2. Khoury JD, et al. Leukemia. 2022;36(7):1703-1719. 3. Chandra DJ, et al. Blood Rev. 2024 Mar:64:101156. doi: 

10.1016/j.blre.2023.101156. Epub 2023 Nov 25.

NPM1 mutation

TP53 mutation

CEBPA mutation

AML-MR

ICC 20221 WHO 5th Edition2

≥10% blasts Regardless of blast count

≥20% blasts Not a separate category

0-19% blasts: MDS/AML

≥20% blasts: AML

Diagnosis of AML

≥10% blasts

bZIP mutation only

≥20% blasts

Biallelic or bZIP mutation

≥20% blasts

RUNX1mut, +8 not included



Risk stratification can inform outcomes

16
* This population of patients had been previously treated with intensive chemotherapy; † Low allelic ratio (<0.5) vs high allelic ratio (≥0.5).
1. Haferlach C, et al. Blood 2016; 128:286; 2. Döhner H, et al. Blood 2017; 129:424–447; 3. Döhner H, et al. Blood 2022; doi: 10.1182/blood.2022016867.

OS in patients aged <60 years with de novo AML* (N=867)1 ELN 20172
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Risk stratification can inform outcomes

18
* This population of patients had been previously treated with intensive chemotherapy; † Low allelic ratio (<0.5) vs high allelic ratio (≥0.5).
1. Haferlach C, et al. Blood 2016; 128:286; 2. Döhner H, et al. Blood 2017; 129:424–447; 3. Döhner H, et al. Blood 2022; doi: 10.1182/blood.2022016867.
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Risk stratification can inform outcomes
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* This population of patients had been previously treated with intensive chemotherapy; † Low allelic ratio (<0.5) vs high allelic ratio (≥0.5).
1. Haferlach C, et al. Blood 2016; 128:286; 2. Döhner H, et al. Blood 2017; 129:424–447; 3. Döhner H, et al. Blood 2022; doi: 10.1182/blood.2022016867.

OS in patients aged <60 years with de novo AML* (N=867)1

Complex karyotype, 
KMT2A or MECOM rearrangement
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Interm./adv. with ≥1 mutation
 in ASXL1, TP53, or FLT3-ITD

Favorable • t(8;21); RUNX1-RUNX1T1

• inv(16) or t(16;16); CBFB-MYH11

• Mutated NPM1 without FLT3-ITD or 

FLT3-ITDlow† 

• Biallelic-mutated CEBPA

• bZIP in-frame 

mutated CEBPA

Intermediate • Mutated NPM1 and FLT3-ITDhigh†

• Wild-type NPM1 without FLT3-ITD or 

FLT3-ITDlow*,†

• t(9;11); MLLT3-KMT2A

• Abnormalities not classified as 

favorable/adverse

• Any FLT3-ITD
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• t(v;11q23.3); KMT2A rearranged

• t(9;22)(q34.1;q11.2); BCR-ABL1
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t(3;3)(q21.3;q26.2); GATA2, 

MECOM(EVI1)

• –5 or del(5q); –7; –17/abn(17p)

• Complex or monosomal karyotype
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FLT3-ITDhigh†

• Mutated RUNX1, ASXL1, or TP53

• Mutated ASXL1, BCOR, 
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U2AF1, or ZRSR2

• Mutated TP53
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Döhner et al, Blood. 2024 :blood.2024025409. doi: 10.1182/blood.2024025409 
Döhner et al, Blood. 2024 blood.2024024944. doi: 10.1182/blood.2024024944.

ELN risk stratification perform poorly in lower-intensity treated patients 



Döhner et al, Blood. 2024 :blood.2024025409. doi: 10.1182/blood.2024025409 
Döhner et al, Bood. 2024 blood.2024024944. doi: 10.1182/blood.2024024944.

Genetic Risk Stratification and Outcomes for Ven-HMA Treated patients

Patients at Risk

Ven + Aza

 (N = 279)
n Events 

Median OS,

 months (95% CI)

Higher Benefit 145 96 26.51 (20.24, 32.69) 

Intermediate Benefit 71 57 12.12 (7.26 – 15.15)

Lower Benefit 63 61 5.52 (2.79 – 7.59)



Döhner et al, Blood. 2024 :blood.2024025409. doi: 10.1182/blood.2024025409 
Döhner et al, Bood. 2024 blood.2024024944. doi: 10.1182/blood.2024024944.

ELN risk classification for patients receiving less-intensive therapies





Minimal Residual Disease

Chen et al.  JCO 2015

Flow-based NGSRT-PCR

Jourdan Blood  2013; Yin Blood 2012 Jongen-Lavrencic et al, NEJM 2018



Heuser et al. 
Blood 2021



The historical AML “dogma”

27Yates JW, et al. Cancer Chemother Rep 1973; 57:485–488; Mayer RJ, et al. N Engl J Med 1994; 331:896–903.

Remission

induction

Post-remission 

therapy

Consolidation

chemotherapy
SCT

Diagnosis

Induction 

eligible

Induction 

ineligible

Palliative

treatment

LDAC

HMAs

BSC



Resistance to therapy, not TRM –  
the leading cause of death in older AML 

Juliusson Blood 2012



Adapted from 
Medeiros et al. Blood 2010, Sep 30;116(13):2224-8

0 20 40 60 80

Unfavorable MK+ (N=160)

Unfavorable MK- (N=214)

Unknown (N=99)

Intermediate (N=541)

Favorable (N=214) 71

46

42

34

18

Remission and cytogenetics in multipe SWOG trials (N=1344)

CR rate (%)

Kantarjian Blood 2010, Nov 25;116(22):4422-9

Early deathResponse versus





Turkalj et al. HemaSphere 2023 



The ‘era’ of targeted therapy – recent FDA approvals

32

1970 1990 2000 2010 2017 2018 2020

1973

7+3 initially 

reported to 

produce high 

CR rates 

in AML

Sept 27, 1990

Idarubicin 

approved 

for AML

May 17, 2000

Gemtuzumab 

ozogamicin 

receives 

accelerated 

approval in 

CD33 AML for 

older adults in 

1st relapse

Oct 15, 2010

Gemtuzumab 

ozogamicin 

withdrawn 

from market

Enasidenib

Midostaurin

Liposomal 

daunorubicin 

and cytarabine

Gemtuzumab 

ozogamicin 

Ivosidenib

Gilteritinib

Glasdegib

+ LDAC

Ven+HMA

or LDAC

Oral Aza for 

maintenance

Ivosidenib + 

HMA

2022 2023

Olutasidenib

2025

Differentiation and Combination therapies…

2024

RevumenibQuizartinib



 Shimony et al. AJH  2025



 Shimony et al. AJH  2025
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Lower-intensity 

approach

Intensive 

induction

Goals of Care

Toxicity

Efficacy

Fitness 

Quality of Life



Matthews AH et al Blood Adv 2022 Jul 12;6(13):3997-4005.

CPX-351 vs. HMA-Ven
Retrospective comparative study (FLATIRON & University of Pennsylvania) 



IC vs. HMA-Ven
Prospective randomized phase II study

Jing Lu et al Blood 2025. Decitabine is not approved in Japan and is used in combination with 

Azacitidine. Please refer to the Venclexta package insert for further details.



Fathi Lu et al ASH Presidential 2025.



CPX-351 for Secondary AML

Lancet et al. JCO 2018



Fms-like Tyrosine Kinase 3

Gale blood 2008



ITD insertion site

Schranz et al,  Oncotarget 2018; Rucker et al. Leukemia 2022



Zarrinkar et al. Blood 2009; Weisberg et al. BJH 2019

Potency (IC50)

Lestaurtinib 
(CEP-701)

700nM

Midostaurin 
(PKC-412)

1000nM

Potency (IC50)

Sorafenib 265nM

Quizartinib 
(AC220)

18nM



43Davet al. Leukemia 2019; 33:299–312.

Summary of first- and next-generation FLT3 inhibitors



Stone RM, et al. ASH 2015. Abstract 6.

RATIFY: Midostaurin in FLT3-Positive AML

18-60 yrs of age

FLT3+ AML

(N = 717)

Daunorubicin

60 mg/m2 IVP D1-3 +

Cytarabine 

200 mg/m2/d IVCI D1-7 +

Midostaurin 

50 mg PO BID D8-21

(n= 360) 

Daunorubicin

60 mg/m2 IVP D1-3 +

Cytarabine 

200 mg/m2/d IVCI D1-7 +

Placebo 

D8-21

(n = 357) 

Cytarabine

3 g/m2 over 3h q12h 

D1,3,5 +

Midostaurin  

50 mg PO BID D8-21

(n = 231) 

Cytarabine

3 g/m2 over 3h q12h 

D1,3,5 +

Placebo 

D8-21

(n = 210) 

Midostaurin  

50 mg PO BID D1-28

(n = 120) 

Placebo

D1-28

(n = 85) 

Induction* 

(1-2 cycles)

Consolidation 

(up to 4 cycles)

Maintenance 

(12 cycles)

CR

CR

*Hydroxyurea allowed for ≤ 5 days prior to induction therapy.

Stone et al,  ASH 2016



RATIFY: Midostaurin in FLT3-Positive AML

Stone et al,  NEJM 2017



Quantum-First study

46Erba et al. Lancet 2023



Quizartinib for FLT3—ITD negative AML – Quiwi trial

Montesinos et al. JCO 2025



Gemtuzumab Ozogamicin (GO, Mylotarg®)

Godwin, Leukemia 2017





Improving patient outcome
gemtuzumab ozogamicin

50
; Hills Lancet oncology 2014; 15(9):986-996; Godwin et al. Leukemia 2017



Gemtuzumab ozogamicin in NPM1-mutated AML: 
Results from prospective AMLSG 09-09 phase 3 study 

51
Schlenk RF, et al. J Clin Oncol 2020; 38:623–632.; Kapp-Schwoerer S, et al. Blood 2020; 136:3041–3050.
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Age and outcome in AML



* Point estimates are from Derolf, et al.2

The challenge of treating AML

1. Juliusson G, et al. Blood 2012; 119:3890–3899;
2. Derolf AR, et al. Blood 2009; 113:3666–3672.

Projected relative 5-year survival in AML 

according to age and time period*,1
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Treatment decision-making remains complex
Lack of consensus on the definition of eligibility for intensive chemotherapy 

* And any other comorbidity that the physician judges to be incompatible with IC.
GITMO, Italian Group for Bone Marrow Transplantation; 
IC, intensive chemotherapy; ND, newly diagnosed; SIE, Italian Society of Hematology;
SIES, Italian Society of Experimental Hematology; TRM, treatment-related mortality.

Ferrara criteria1

Consensus criteria of

SIE-SIES-GITMO for defining fit/unfit for IC1,3

• Advanced age (>75 years)

• Severe organ comorbidities*

• Active infection resistant to anti‐infective therapy

• Cognitive impairment

• Low performance score (ECOG PS ≥3)

1. Ferrara F, et al. Leukemia 2013; 27:997–999;
2. Walter RB, et al. J Clin Oncol 2011; 29:4417–4423;

3. Chen EC & Garcia JS. Hematology Am Soc Hematol Educ Program 2020; 2020:41–50.

OS by Ferrara category

Time after treatment (years)
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BCL2-JP-00156-E1.0 | August 2025

*LDAC + venetoclax is not approved by the EMA for use in patients with AML. †Ivosidenib monotherapy is currently not approved by the EMA.

AML, acute myeloid leukemia; Aza, azacitidine; BSC, best supportive care; Dec, decitabine; ELN, European LeukemiaNet; 

IC, intensive chemotherapy; Ivo, ivosidenib; LDAC, low-dose cytarabine; Ven, venetoclax.

1. Döhner H et al. Blood. 2022;140(12):1345-1377. 2. Medeiros BC et al. Leukemia. 2017;31:272-281. 3. Issa GC et al. Blood Cancer J. 2021;11:107.

Selected treatment options according to ELN: 
IC-ineligible patients with AML

IC-ineligible AML Patients

Ivo† ± Aza

(IDH1mut only)
Ven + LDAC*Ven + Aza/Dec

Mutation agnostic therapies
Targeted 

therapies

Mutations in IDH1 occur in 

~8-14% of patients with AML2,3

BSC



Inhibitors of DNA methyl transferases: 

               Both incorporate into DNA and cause hypomethylation (DEC > AZA)

                   AZA preferentially causes DNA damage and induces apoptosis

Hypomethylating Agents



Monotherapy with AZA

Dombret, Blood 2015



606 pts, >60 years, Newly-Diagnosed AML
 Lübbert et al. Lancet Haematol 2023; 10: e879–89  

HSCT
• Decitabine, 122 patients (40%) 
• 7+3, 118 patients (39%)

Median time to HSCT
• Decitabine, 4·2 mos. (IQR 3·0–5·3)
• 7+3, 3·5 mos. (2·9–5·0)

Decitabine vs. ‘7+3’
Open-label, randomized, controlled, phase 3 trial (EORTC, GIMEMA, German MDS Study Group) 



Konepleva, Cancer Discovery 2016; Roberts AW. ASH Educational 2020; Letai, CCR 2015

 



*p<0.001, 

**p=0.021, 

***p=0.012

DiNardo et al, NEJM.2020

VIALE A
AZA-PBO vs. AZA-VEN



Pbo+Aza, n=13: 

Median OS: 8.5 months
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Impact of FLT3 mutation on outcomes with doublet regimen Ven + Aza
Pooled analysis of patients with ND AML in VIALE-A and phase 1b study (N=498)

AZA, azacitidine; ITD, internal tandem duplication; mut, mutated; ND, newly diagnosed; 
Pbo, placebo; TKD, tyrosine kinase domain; Ven, venetoclax; wt, wild type. Konopleva M, et al. Clin Cancer Res 2022; ePub ahead of print.
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Remission rates: 

FLT3mut vs FLT3wt
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Ven+Aza, n=30: 

Median OS: 9.9 months
Ven+Aza, n=13: 

Median OS: 19.2 months

Pbo+Aza, n=10: 

Median OS: 10.0 months

100 CRiCR

The safety and tolerability of the Ven+Aza in patients with FLT3mut 

were similar to patients with FLT3wt mutation status.



CR/CRi rates and OS with Gilt + Aza vs Aza in FLT3mut AML
LACEWING: Randomized, phase 3 trial in patients ineligible for intensive chemotherapy

• Aza, azacitidine; Gilt, gilteritinib; mut, mutation. • Wang ES, et al. Blood 2022
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Median OS: 9.82 months
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Median OS: 8.87 months
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HR=0.916; 95% CI=0.529–1.585; p=0.753

p<0.001

AEs rates (any grade and Gr≥3) were similar in both arms

No new safety signals were reported
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Ven+Aza+Gilt in IC-ineligible FLT3mut AML
Phase 1/2 study in untreated IC-ineligible patients with FLT3mut AML (N=52)

Response Best minimal residual disease response

Flow cytometry Polymerase chain reaction

93

45

90

43

7

55

10

57

0

20

40

60

80

100

Frontline
AML

R/R
AML

Frontline
AML

R/R
AML

P
a

ti
e

n
ts

 (
%

)

MRD– MRD+

Overall survival (ND)

0

0

6 12 18 24

50

100

Time (months)

O
v
e

ra
ll 

s
u

rv
iv

a
l 
(%

)

N Median OS 6-month OS 1-year OS

30 Not reached 93% 83%

Most common Grade ≥3 hematologic adverse events (>10% of patients) were infections, febrile neutropenia, sepsis, 

GI bleeding, and hypotension. Myelosuppression was common but manageable with mitigation strategies



Montalban-Bravo, Fron Onco 2018



Response rates and OS of patients with doublet regimen Ven + Aza
Pooled analysis of ND AML with IDH1mut or IDH2mut in VIALE-A and phase 1b study (N=498)

Aza, azacitidine; CRh, CR with partial hematologic recovery; ND, newly diagnosed; Pbo, placebo; Ven, venetoclax. Pollyea DA, et al. Clin Cancer Res 2022; ePub ahead of print.
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Ven+Aza, n=33: 

Median OS: 15.2 months

Pbo+Aza, n=11: 

Median OS: 2.2 months

Ven+Aza, n=50: 

Median OS: NR months

Pbo+Aza, n=18: 

Median OS: 13.0 months

HR=0.19; 95% CI=0.08–0.44 HR=0.34; 95% CI=0.17–0.69



Median follow-up: 15.1 months.  AE, adverse event; AML, acute myeloid leukemia; Aza, azacitidine; CI, confidence interval; 

ECG, electrocardiogram; HR, hazard ratio; Ivo, ivosidenib; mut, mutated; OS, overall survival; Pbo, placebo.

1. Montesinos P, et al. N Engl J Med. 2022;386(16):1519–1531.

AGILE: Overall Survival and Safety Summary
Randomized Phase 3 trial evaluating ivosidenib + aza in newly diagnosed IDH1mut AML

Most common Grade ≥3 hematologic AEs: anemia, febrile 

neutropenia, neutropenia, and thrombocytopenia

Most common Grade ≥3 non-hematologic AE: pneumonia

Grade ≥3 differentiation syndrome and QT interval prolongation of 

ECG occurred in both arms

Discontinuation due to AEs: Ivo+Aza 19 (27%) and Pbo+Aza 19 (26%)

AGILE (Ivo + Aza): OS (secondary endpoint)1
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Stein, Blood 2017; Fathi, JAMA Onco 2018



Can we Optimize intensive induction outcome
Adding IVO/ENA to intensive induction
.

68Stein et al. Blood. 2021;137(13):1792-1803; 2.. https://hovon.nl/nl/trials/ho150 accessed  08/11/2025

HOVON 150 (phase 3) 2

7+3+IVO or ENA (Phase 1)1

https://hovon.nl/nl/trials/ho150
https://hovon.nl/nl/trials/ho150


Adapted from Issa et al. Blood 2024; Stein et al. Blood, 2017; 130 (6): 722-731; 

Salman & Stein. Haematologica 2024 

Menin inhibitors – 
An emerging therapeutic class



Issa et al. EHA 2024; S131 

AUGMENT-101
Phase 2 study



Issa et al. Leukemia (2021) 35:2482–2495; Issa et al. Nature Medicine (2023)  

Revumenib (SNDX-5613)AUGMENT-101
Phase 2 study



Menin inhibitor triplets, 
AZA-Ven+revumenib (BEAT AML sub-study)

Zeidner et al. JCO 2025; ;43(23:)2606-2615

DS in 19% (8 pt), 2> G3

QTc prolongation  in 44% (19 pt), 5> G3



Daver N, et al.  Blood 2025 146(5:)601-611.

Ven+Aza±Magro in IC-ineligible pts.

BCL2-JP-00159-E1.0 | August 2025

Venetoclax is used in combination with either Azacitidine or low-dose cytarabine in Japan. 

Please refer to the Venclexta package insert for further details.



Improving patient outcome – 
maintenance is back…

74
1. Bewesdorf et a. Curr Opinion Oncology 2021 Nov 1;33(6):658-669;

2. Wei et al. N Engl J Med 2020;383:2526-37 3. Burchert et al. JCO 2020 Sep 10;38(26):2993-3002 

The long road for effective maintnance1

Post allo SCT (FLT3-ITD)3

Oral AZA (non-SCT)2



Wei-Ying Jen, et al. BJH  2024;205:30-47



owolach@gmail.com 

mailto:owolach@gmail.com


Cornelissen & Blaise. Blood 2016

Post-remission approach
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