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Where It All Began!



Traditional Approaches to AML therapy



GO 
Approved

1970                     1980 1990                   2000                    2010                  2017    2018

1977
BMT

1973
7+3

AML Treatment Landscape: PAST

2004
Azacitidine

2006
Decitabine

GO 
Withdrawn



Outcome of Patients With AML after Intensive Therapy 
Overall Favorable Cytogenetic Risk

Intermediate Cytogenetic Risk Adverse Cytogenetic Risk

Granfeldt Østgård. JCO. 2015;33:3641.



Older patients do poorly with Intensive Therapy

• Poor organ function / comorbidities
• Antecedent hematologic disorders
• Unfavorable risk factors

Gunnar Juliusson et al. Blood 2009;113:4179-4187



Treatments options for older patients with AML (≥65 years)
Ineligible for Intense Therapy

Decitabine 
20 mg/m2 IV x 5 days

Azacitidine
75 mg/m2 IV/SQ x 7 days

Regimen CR/CRi, 
%

mOS, 
Mos OS Rate, %

Azacitidine[2] 27.8 10.4 At 1 yr: 46.5

Decitabine[3] 17.8 7.7 NR
1. Dombret. Blood. 2015;126:291. 
2. Kantarjian. JCO. 2012;30:2670.



Timeline of Genetic and Molecular Landscape in AML

Grimwade. Blood. 2016;127:29.



Prognostic relevance of individual mutations in AML

CLINICAL RELEVANCE: Prognostic value, Therapeutic targets, Markers for MRD

Medinger et al: CANCER GENOMICS & PROTEOMICS 13: 317-330 (2016).   
Grimwade. Blood. 2016;127:29.



1 Dohner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN recommendations from an international expert panel. Blood 2017;129:424-447.
2 Frequencies, response rates, and outcome measures should be reported by risk category, and, if sufficient numbers are available, by specific genetic lesions indicated. 

Where we are Know!
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AML Treatment Landscape: PRESENT

4 DRUG APPROVALS

Venetoclax
Ivosidenib
Gilteritinib
Glasdegib

Better approaches to induction in fit patients. 
Better options for challenging subgroups: Older, tAML, sAML, TP53

Better therapeutic options for R/R disease

SINCE 2017, WE HAVE SEEN THE FDA APPROVAL OF MORE THAN 8 NEW DRUGS FOR AML
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FUTURE OF AML CARE



Case 1 and 2: Older Patient with t-AML or AML-MRC
§ 65-year-old female presents with pancytopenias 

‒ History of breast CA S/P adjuvant chemotherapy 2 years ago

‒ CBC: WBC 1.2K, Hb 8.0 gm/dL, PLT 40K, ANC 200

‒ BM: AML 60% blasts, Abnormal karyotype with -7, -5 

‒ No major comorbid illnesses, ECOG PS 0-1 

§ 69-year-old male presents with monocytosis and thrombocytopenia

‒ History of MDS S/P 12 months of HMA therapy

‒ CBC: WBC 30K, 45% atypical monocytes, PLT 30K

‒ BM: AML, Complex karyotype

‒ NGS panel shows ASXL1, SRSF2, TET2, and RUNX1 mutations 

‒ No major comorbid illnesses, ECOG PS 0-1 



Liposomal Cytarabine and Daunorubicin (CPX-351)

§ STATUS

‒ Approved for first line treatment of older patients with newly 
diagnosed t-AML and AML-MRC (August 2017 )

§ THERAPEUTIC TARGET: Cytotoxic therapy (liposomal cytarabine + 
daunorubucin 5:1 molar ratio)

§ DOSING

‒ Induction: daunorubicin 44 mg/m2 and cytarabine 100 mg/m2 
liposome IV over 90 min on d 1, 3, and 5 

‒ Consolidation: daunorubicin 29 mg/m2 and cytarabine 65 
mg/m2 liposome IV over 90 min on d 1 and 3 

‒ AEs: Prolonged neutropenia and thrombocytopenia; Less GI sides 
effects, mucositis and weight loss

1. Tardi. Leuk Res. 2009;33:129. 2. Feldman. JCO. 2011;29:979. 3. Lim. Leuk Res. 2010;34:1214.



§ Phase III trial of CPX-351 vs 7+3 in patients aged 60-75 yr with newly 
diagnosed high-risk or secondary AML 

CPX-351 in Older Patients With ND AML

Lancet. Lancet Haematol. 2021;8:e481.

5-Yr Median OS OS by Time Since HST



CPX-351 in Older Patients With Newly Diagnosed AML
OS by Baseline Subgroups

Lancet. Lancet Haematol. 2021;8:e481.



Case 3: Unfit Older Patient with AML 

§ 70-year-old male presents with fatigue and weight loss

‒ CBC: WBC 22K, Hb 7.2 gm/dL, PLT 30K

‒ BM: AML 65% blasts, Complex karyotype

‒ NSG panel with RUNX1 and ASXL1

‒ History of CAD S/P CABGx2 and uncontrolled DM-II

‒ PS of ECOG 2 



Venetoclax

Venetoclax binds directly to BCL-2 protein, 
displacing pro-apoptotic proteins and restoring 

the apoptotic process. 

§ STATUS

‒ Approved in combination with azacitidine or 
decitabine or low-dose cytarabine for newly 
diagnosed AML in adults ≥75 years or who have 
comorbidities that preclude use of intensive 
induction chemotherapy (November 2018)

§ THERAPEUTIC TARGET: Inhibitor of anti-apoptotic 
protein BCL-2 

§ DOSING

‒ Ramp-up phase: 100 mg orally on d 1, 200 mg on   
d 2, 400 mg on d 3;

‒ 400 mg (with HMA) or 600 mg (with low-dose 
cytarabine) on d 4 and beyond

‒ AEs: Prolonged neutropenia



Venetoclax + HMA for Unfit Elderly patients with AML 

Regimen CR/CRi, 
%

mOS, 
Mos OS Rate, %

Azacitidine[2] 27.8 10.4 At 1 yr: 46.5

Decitabine[3] 17.8 7.7 NR

Venetoclax + 
HMA[1]

67 17.5 At 1 yr: 59
At 2 yrs: 46

1. DiNardo. Blood. 2019;133:7. 2. Dombret. Blood. 2015;126:291. 3. Kantarjian. JCO. 2012;30:2670.



Venetoclax + LDAC in Untreated Older AML Patients

Wei. Blood. 2020;135:24.  



VIALE-A: Venetoclax plus Azacitidine

DiNardo. NEJM. 2020;383:7.  

14.7 months
9.6 months



Case 3 with a Twist: Fit Older Patient with AML 

§ 67-year-old female presents with fatigue and weight loss

‒ CBC: WBC 22K, Hb 7.2 gm/dL, PLT 30K

‒ BM: AML 65% blasts, Complex karyotype

‒ NSG panel with RUNX1 and ASXL1

‒ History of HTN controlled with meds, PS ECOG 0 

§ Received Venetoclax plus AZA– Achieved CR1

§ HLA-identical sibling identified

NEXT STEP?



Outcomes with Allo-HCT vs Maintenance Venetoclax + AZA 
Following Response to Initial Venetoclax + AZA  

Pollyea. Bone Marrow Transplantation. 2022;57:160 



Case 4: Patient with Favorable-Risk AML

§ 62-year-old male with fatigue and myalgias

‒ CBC: WBC 1.2K, Hb 8.0 gm/dL, PLT 50K

‒ BM: AML 30% blasts

‒ Abnormal karyotype: inv(16)(p13.1q22)

‒ NGS panel with NPM1 mutation

‒ No major comorbid illnesses, ECOG PS 0-1 



Gemtuzumab ozogamycin

GO acts like a homing signal, bringing the chemo 
drug into the leukemia cells, where it kills them 

§ STATUS

‒ Re-approved in Newly diagnosed CD33+ AML in 
adults, R/R CD33+ AML in adults (September 2017)

§ THERAPEUTIC TARGET: Monoclonal antibody against 
CD33 linked to a chemotherapy drug

§ DOSING

‒ Induction: 3 mg/m2 (up to one 4.5-mg vial) on d 1, 
4, and 7 in combination with daunorubicin and 
cytarabine

‒ AEs: VOD/SOS



Gemtuzumab Ozogamicin Reemergence

§ ALFA-0701 (ND, aged 50-70 yr)1

‒ 7+3 ± GO (3 mg/m2 d 1, 4, 7)

‒ Median OS improved

§ MRC AML16 (untreated, older)2

‒ LDAC ± GO at 3 mg/m2

‒ OS improved

§ Meta-analysis 5 RCTs (N = 3325)3

‒ No improvement in CR rate

‒ OS improved

‒ Best results in favorable risk 

Favorable-Risk Cytogenetics Intermediate-Risk Cytogenetics Adverse-Risk Cytogenetics

1. Castaigne. Lancet. 2012;379:1508. 2. Burnett. Leukemia. 2013;27:75. 3. Hills. Lancet Oncol. 2014;15:986.

Response to Gemtuzumab Ozogamicin by Cytogenetic Risk3
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Case 4: Patient with Favorable-Risk AML

§ Received 7+3 induction plus GO – Achieved CR1

§ 62-year-old male with fatigue and myalgias

‒ CBC: WBC 1.2K, Hb 8.0 gm/dL, PLT 50K

‒ BM: AML 30% blasts

‒ Abnormal karyotype: inv(16)(p13.1q22)

‒ NGS panel with NPM1 mutation

‒ No major comorbid illnesses, ECOG PS 0-1 

NEXT STEP?



1. Wei AH. NEJM. 2020;383:2526. 
2. Dohner H. EHA 2021. Abstract S131.

QUAZAR: Oral AZA Maintenance improves OS and RFS

Extended OS Benefit for patients with NPM1 mutated AML2



What about Post-transplant Maintenance with HMAs?



Case 5: Patient with AML and FLT3 mutation

§ 62-year-old female presents with fatigue and fever

‒ CBC: WBC 80K, Hb 7.5 gm/dL, PLT 21K

‒ BM: AML 85% blasts, Normal female karyotype

‒ NGS panel shows FLT3-ITD mutation (AR 0.8) and NPM1

‒ No major comorbid illnesses, ECOG PS 0-1 



Midostaurin

Mutation in FLT3 gene – Produces FLT3 protein

FLT3 protein helps AML cells grow

§ STATUS

‒ Approved plus chemotherapy in adults with ND 
FLT3-mutation–positive AML (April 2017)

§ THERAPEUTIC TARGET: Inhibitor of FLT3 protein 

§ DOSING

‒ 50 mg orally twice daily with food on d 8-21 of 
each induction cycle with cytarabine and 
daunorubicin and on d 8-21 of each consolidation 
cycle with high-dose cytarabine

‒ AEs: Nausea/Vomiting, Headache, Upper 
respiratory tract infection



RATIFY: Midostaurin Plus Chemotherapy for AML With FLT3 Mutation

1. Stone RM et al. N Engl J Med. 2017;377:454-464. 2. Stone RM et al. ASH 2015. Abstract 6. 3. Levis. Blood Adv. 2020;4:1178 

However, efficacy is limited, and patients develop resistance3



Other FLT3 Inhibitors Studied for ND FLT3-Positive AML

Quizartinib

1. Perl. NEJM. 2019;381:1728. 
2. Pratz. Blood 2020; 136 (Supplement 1): 16
3. NCT03836209 
3. Cortes. Lancet Oncol. 2019;20(7):984. 
4. NCT02668653

• Approved in Japan
• OS benefit in R/R AML4

• QuANTUM-First: Phase III trial studying quizartinib plus 
chemotherapy vs chemotherapy plus placebo as induction and 
consolidation therapy in patients with newly diagnosed AML5

Gilteritinib

• Approved by the FDA for relapsed/refractory AML1 

• Combination with induction/consolidation chemotherapy 
active and well tolerated2

• PrECOG 0905: Being compared with midostaurin for frontline 
FLT3-positive AML3



Case 5: Patient with AML and FLT3 mutation

§ 7+3 plus midostaurin – Achieved CR1

§ MUD identified and patient underwent Allo-HCT

§ 62-year-old female presents with fatigue and fever

‒ CBC: WBC 80K, Hb 7.5 gm/dL, PLT 21K

‒ BM: AML 85% blasts, Normal female karyotype

‒ NGS panel shows FLT3-ITD mutation (AR 0.8) and NPM1

‒ No major comorbid illnesses, ECOG PS 0-1 

NEXT STEP?



Post-HCT Maintenance options in FLT3 AML

1. Larson. ASH 2017. Abstract 145. 
2. Burchert. 2020. J Clin Oncol 38:2993.
3. Levis. ASH 2019. Abstract 732.

Midostaurin: RATIFY1 Sorafenib: SORMAIN2

No difference in DFS.
Data not conclusive.

Reduction in risk of relapse and death.

BMT-CTN 1506 
Morpho Trial3

Gilteritinib vs. Placebo



Case 6: Patient with AML and IDH1 mutation

§ 70-year-old female presents with fatigue and fever 

‒ CBC: WBC 2.0K, Hb 7.5 gm/dL, PLT 22K

‒ BM: AML 60% blasts with MLD, Normal karyotype

‒ NGS panel shows IDH1 and DNMT3A mutations

‒ History of HTN and DM-II, ECOG PS 1-2 



Ivosidenib

Mutation in IDH1 gene – Produces IDH1 protein
IDH1 protein affect maturation of blood cells

§ STATUS

‒ Approved as single agent for R/R AML with IDH1 
mutation (July 2018) or ND AML with IDH1-mutation in 
adults ≥75 years or who have comorbidities that 
preclude the use of intensive induction chemotherapy 
(May 2019 )

‒ Approved in combination with azacitidine for ND AML 
with IDH1 mutation in adults ≥75 years or who have 
comorbidities that preclude use of intensive induction 
chemotherapy (May 2022).

§ THERAPEUTIC TARGET: Inhibitor of IDH1 protein 

§ DOSING

‒ 500 mg orally daily (May take 3-4 cycles to respond)

‒ AEs: Differentiation Syndrome within first 2 cycles



Ivosidenib for ND IDH1-mutant AML

Roboz. Blood. 2020;135(7):463

Median OS 12.6 months

IDH1-mutant ND AML ineligible for Standard Therapy
• 56% aged ≥75 years
• 47% prior exposure to HMA
• 76% secondary AML



Ivosidenib plus AZA for ND IDH1-mutant AML

Montesinos. N Engl J Med 2022;386:1519

• AGILE trial: 
• Ivosidenib/AZA vs AZA/placebo 

• OS: 24 months vs 7.9 months
• CR rate: 47% vs 11%
• CR/CRi/CRp: 54% vs 12%

Approved by FDA on May 25, 2022



Enasidenib plus AZA for ND IDH2-mutant AML

DiNardo. Lancet Oncol. 2021;22:1597

• Open-label, phase 1b/2 trial
• Enasidenib 100 mg/day plus SC azacitidine 75 mg/m²/day for 7 days



Di Nardo. NEJM. 2020;383:7.  

Back to VIALE-A: Venetoclax plus AZA effective in different 
Molecular Subgroups: FLT3, IDH1, IDH2 Mutated AML



Novel Triplets with Venetoclax/HMA backbone plus targeted agents  
showing promising activity in Newly Diagnosed AML 



Case 7: Patient with AML and TP53 mutation

§ 60-year-old male with fatigue and SOB in last 3 weeks

‒ CBC: WBC 1.3K, Hb 8.2 g/dL, PLT 54K, ANC 250

‒ Normal renal and liver function. LDH 500

‒ History of HL 10 years ago and remains on memission

‒ BM: AML 32% blasts, MDS panel with complex karyotype

‒ NGS panel shows TP53 and ASXL1 mutations

‒ ECOG PS 0-1, HTN

‒ HLA-identical sibling identified



AML with TP53 mutation is Chemo-resistant

With Intensive Therapy1 With HMA (10 d decitabine)2 With CPX-3513

1. Rucker. Blood 2012.   2. Welch. NEJM 2016.   3. Linsley. ASH 2019. Abstract 15. 

• TP53 Mutations occur in 10-20% AML
• More common in: t-AML, MDS/AML, Complex karyotype
• Outcomes poor in multi-hit state = Higher VAF



AML with TP53 mutation: Outcomes with  Ven/HMA

1. DiNardo. NEJM. 2012.   2. DiNardo. Blood. 2019.   3. Kim. Cancer. 2021    4. Matthews. Blood Advances. 2022.     5. Thijssen. Blood. 2021  

• Phase 1b AZA + Venetoclax: Median DOR 5.6 months, median OS 7.2 months
• 10-day Decitabine/venetoclax: Median OS 5.2 months
• Real world data of CPX-351 vs Venetoclax/AZA: No clear winner

• Venetoclax requires intact 
TP53 protein function to 
trigger optimal BAX/BAK 
mediated apoptosis5. 

• Concurrent targeting of 
multiple pathways –
CCL2/MCL1 overcomes 
resistance in TP53 
deficient cells5. 



AML with TP53 mutation: Resistant despite use of HCT

1. Middeke. Br J Haematol. 2016;172:914  2. Mushtaq. Tandem 2022. Abstract 146.



Magrolimab (5F9) is a novel Macrophage Immune 
Checkpoint Inhibitor Targeting CD471

Sallman DA. ASH 2020.

• Promising early phase results in 
combination with azacytidine in 
TP53 mutant AML.



Eprenetapopt (APR-246) in 
TP53 mutated myeloid malignancies

1. Sallman D. JCO. 2021.      2. Cluzeau. 2021.       3. Birsen. Haematologica. 2022

• APR-246 was developed as a first in class small molecule reactivator of p53 protein function in TP53 mutant cells. 
• Recent work has also uncovered TP53 independent activity through triggering of ferroptosis. 
• Early phase trials in combination with azacitidine showed promise in AML/MDs.
• A phase III placebo controlled trial conducted in TP53 mutated MDS: APR-246 + AZA vs AZA did not meet the not 

meet the primary endpoint of CR.
• APR-548, a next generation molecule is in development.



All Patients HMA + Venetoclax, LDAC + Venetoclax, LDAC + Glasdergib

IDH1/2 Mutation IDH 1/2 Inhibitor + HMA +/-Venetoclax

All Patients Intensive CT

TP53 Mutation Clinical Trials

FLT3 Mutation FLT3 Inhibitor + HMA +/-Venetoclax

IDH1/2 Mutation

FLT3 Mutation

t-AML, AML with AHD, 
AML-MRC 

CBF-AML
Inv 16, t(9;21)

Intensive CT
Add IDH 1/2 Inhibitor 

Intensive CT
Plus Midostaurin

Intensive + GO

CPX-351

Oral AZA

HCT
Sorafenib

Fi
t f

or
 In

te
ns

iv
e 

CT
≥ 

75
 o

r C
om

or
bi

di
tie

s

Current Treatment Options for De Novo AML



However, Work Needs to Be Done to 
Expose Patients to Effective Therapy

1. Byrd. ASH 2021. Abstract 3383     2. Chen. ASH 2021. Abstract 4139



THANKS


