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Objectives

1)Describe newer treatments for AML
2)Outline the latest approaches to the 

management of AML
3)Finish on time
4)Make friends
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Newly diagnosed AML

“Unfit” or > 80 years“Fit” and < 80 years

Clinical Trial 

Age < 60 years (7+ 3 + M)
IDA12 + Ara-C 100 + M
Age > 60 years (7+ 3+ M)
D60 + Ara-C 100 + M

If ineligible or no 
trials available 

If ineligible 
or no trials

day 14-17 bone marrow biopsy

DNMTi (AZA, DAC)
LDAC 
Int/Poor risk AML - Venetoclax
Fav/Int risk AML - Gemtuzumab Ozogamicin (GO)

Age < 60 years:  7+3 (IDA12 + Ara-C 100) 
Age > 60 years: 5+2 (D60 + Ara-C 100)

Palliate

CR

Post-remission (Risk-based) strategy

CR CRi Refractory Disease

High-intensity salvage (MEC, HD Ara-C)Clinical Trial

CRi

If ineligible 
or no trials + 

good PS

Allo-HCT (If transplant eligible and donor available) 

Refractory disease or Progressive disease

Metaphase Cytogenetics
(Molecular analysis –Next generation sequencing) / FLT3 gene mutation analysis
Tissue Banking / Research Sample (IRB 5024)  
HLA typing

FLT3-ITD+ or TKD + FLT3-ITD- and TKD -

Age < 60 years (7+3)
IDA12 or D90 + Ara-C 100 
Age > 60 years (7+3)
D60 + Ara-C 100 

(+) (-)

CPX-351

Clinical Trial

sAML

No

DNMTi (AZA, DAC) /LDAC if not used before
FLT3+ AML – AZA + sorafenib
FLT3 inhibitors monotherapy
IDH-1/-2 inhibitors
Venetoclax + HMA (or LDAC) if VEN not used before 
GO if not used before

Refractory disease or Progressive disease

GO + 7 + 3 for 
fav/ Int risk AML



7+3 Consolidation

HDAC x 4

AlloBMT

Age <60
Healthy
Age <90
“Healthy”

APL ATRA/ATO MRD neg Maintenance

Cytogenetics
t(8;21)
Inv16
t(9;11)

Supportive Care
Antifungals
Platelets
Growth factors

Cytogenetics
-7, -5, inv3
-11q23, +11
- Complex

Molecular
CEBP1a
NPM1

Molecular
TP53
ASXL1
FLT3

DNR 90mg/m2

D14 BMBx
Repeat if +



Gemtuzumab Ozogamicin

Hitzler & Estey. Haematologica 104: 7, 2019



Gemtuzumab Ozogamicin
Hills et al, Lancet Oncol 15:986, 2014



Gemtuzumab Ozogamicin
Hills et al, Lancet Oncol 15:986, 2014



Gemtuzmab Ozogamicin

• GO is a new standard of care for patients 
with favorable cytogenetics

• Less so for those with intermediate CG
• Do not use in those headed to BMT



FLT3 Inhibitors

Daver et al, Leukemia 33: 299, 2019



FLT3-ITD+ AML

Gale RE et al, Blood 111: 2776, 2008



FLT3-ITD+ AML
Stone et al, NEJM 377, 454, 2017

• 717 pts randomized before 
treatment

• 7+3 (60mg/m2)
• Midostaurin or placebo 50 

mg orally bid D8-21 for 
induction, consolidation, 
and maintenance x 1yr

• BMT OK



FLT3-ITD+ AML
Perl et al, Lancet Oncol 18: 1061, 2017

• 252 pts Phase 1-2
• Gilteritinib once daily
• Very active with GI and 

hepatic toxicity

In R/R FLT3+ AML, Phase 3 ADMIRAL trial showed Gilt improved 1y 
OS from 17% with chemo to 37% (95% CI, 31-44%).

Perl et al, AACR 2019



FLT3-ITD+ AML

• Midostaurin is new standard of care for 
newly diagnosed patients

• Gilteritinib is new standard of care for 
relapsed/refractory patients
- What about those pts previously treated with midostaurin?

• BMT still indicated
- Maintenance?



Indications for BMT

• Primary refractory
• sAML and tAML
• High-risk

- Cytogenetics
- Molecular

• FLT3 ITD
• TP53

Brunet et al, 
JCO 30: 735, 
2012

FLT3+



AML in Younger Patients

• Algorithm fails
- Borderline cases
- Fertility issues
- Patient preference

• Goal remains cure
• Not much has changed

- GO
- FLT3+

Bower et al, Blood Ca J 6:e390, 2016



Treating Older Patients

• Low-dose AraC bid improves OS vs BSC
• Neither 5AZA nor Decitabine have been 

compared to LDAC with bid schedule
- No FDA approval, but OK by NCCN

• LDAC is the standard of care ?



LDAC

Burnett AK et al, Cancer 109: 1114, 2007



Trying to improve on LDAC

Burnett AK, Clin Lymphoma Myeloma & Leuk 18:553, 2018



LDAC?
Dombret et al, Blood 126:291, 2015

• AML Age >65
• AZA vs CCR (BSC, LDAC, or IC)

Fenaux et al, Lancet Oncol 10: 223, 2009
• RAEB Blasts >10%
• AZA vs CCR



Hedgehog Signaling Pathway
Pasca de Magliano et al, Nat Rev Cancer 3: 903, 2004



Glasdegib
Cortes et al, Leukemia 33: 379, 2019

• Age >55 with AML or RAEB >10% blasts
• Unsuitable for induction

- Age >75, Creat >1.3, LVEF < 45%
• Randomized 2:1 to LDAC +/- Glasdegib

- LDAC 20mg sq bid for 10 days
- Glasdegib 100mg once daily



Glasdegib/LDAC vs Azacytidine



Venetoclax

Huber et al, Oncotargets and Therapy 10:645, 2017



LDAC+ Venetoclax
Wei et al, JCO prepublished, 2019

• Venetoclax began at 50 or 100 mg and increased over 
4 to 5 days to the target venetoclax dose; dosing was 
continued through day 28 of each cycle. 

• Age >60, secondary AML, unfit for induction, WBC 
<25, no CBF

• No DLT or TLS, 600mg daily was target dose
• CR 26%, CR/Cri 54%, DOR 8.1m



HMA + Venetoclax
DiNardo et al, Blood 133:7, 2019

• Ramp up dosing starting D1 in hospital
- Target doses of 400 (n=60), 800 (n=74), or 1200mg (n=11) daily

• Age >65, secondary AML, unfit for induction, WBC <25, 
no CBF

• No DLT or TLS, but more AE at 1200mg daily
- Febrile neutropenia in 32%



HMA + Venetoclax
DiNardo et al, Blood 133: 7, 2019

N CR + CRi Med DOR Med OS
LDAC + V600 82 54% 8.1m 10.1m
HMA + V400 60 73% 12.5m NR
HMA + V800 74 65% 11m 17.5m

21 patients proceeded to stem cell transplant

No difference in CR by age, cytogenetics, or secondary AML

CR = 71% in 35 with IDH1/2 mutations

CR = 47% in 36 with TP53 mutations and 5.6m DOR



HMA + Venetoclax
DiNardo et al, Blood 133: 7, 2019



HMA + Venetoclax
•In combination with azacitidine, or decitabine, or low-dose cytarabine for the treatment of newly-
diagnosed acute myeloid leukemia (AML) in adults who are age 75 years or older, or who have 
comorbidities that preclude use of intensive induction chemotherapy.

• This indication is approved under accelerated approval based on response rates. Continued 
approval for this indication may be contingent upon verification and description of clinical 
benefit in confirmatory trials.

• Comorbidities that preclude the use of intensive induction chemotherapy?



7+3 Consolidation

IDAC x 4

AlloBMT

Midostaurin if FLT3+

Cytogenetics
t(8;21)
Inv16

Molecular
CEBP1a
NPM1

Select Pts

5Aza or
Decitabine
+ Venetoclax

Maintenance

AlloBMT

Less fit
-7
TP53

Very Select Pts

Relapse Targeted Therapy

CPX-351

Age >60

t-AML
MRC

Lancet et al, J Clin Oncol 34: 7000, 2016

GO if CBF & CD33+

5AZA x 1y

Huls et al, Blood 133:1457, 2019

5+2

Welch et al, NEJM 375: 2023, 2016



7+3 Consolidation

HDAC x 4

AlloBMT

Age <90
“Healthy”

Cytogenetics
t(8;21)
Inv16
t(9;11)

Cytogenetics
-7, -5, inv3
-11q23, +11
- Complex

Molecular
CEBP1a
NPM1

Molecular
TP53
FLT3

7+3 Consolidation

AlloBMT

Midostaurin if FLT3+

“Good risk”
t(8;21)
Inv16

“Int Risk”
t9;11
CEBP1a
NPM1

Everything else

5Aza or
Decitabine
+ Venetoclax

Maintenance

AlloBMT

Less fit
-7
TP53

Very Select Pts

Relapse Targeted Therapy

CPX-351
Age >60
t-AML
MRC

GO if CBF & CD33+

5AZA x 1y

Age >60

IDAC

5+2

GO if CBF & CD33+

Midostaurin if FLT3+



Simplified

Madanat, Kalaycio, and Nazha; ACTA Medica Academica, In press, 2019



HMA for Relapsed/Refractory AML
Stahl et al, Blood Adv 2: 923, 2018



Identifying AML Targets
Gu et al, J Clin Invest 128: 4260, 2018



IDH Mutations



IDH inhibitors
Enasidenib

Stein et al, Blood 130:722, 2017
Ivosidenib

DiNardo et al, NEJM 378:2386, 2018



IDH inhibitors as initial therapy

Burnett AK, Clin Lymphoma Myeloma & Leuk 18:553, 2018

IVO V+HMA

27 71%

?

PFS 75% 12m

Roboz et al, ASH 2018, Abs 561
DiNardo et al, Blood 133: 7, 2019



Gilteritinib for FLT3+ R/R AML
Perl et al, Lancet Oncol 18:1061, 2017





Short, Rytting, and Cortes. Lancet 392: 593, 2018



Beat AML

• Functional Genomic Landscape of AML
- http://www.vizome.org/aml/

Tyner et al, Nature 562: 526, 2018; Benard et al, Leukemia 33:826, 2019

http://www.vizome.org/aml/


Beat AML



Algorithims for AML

• Easiest algorithim is 
to just refer patients 
to a teaching 
hospital with 
expertise

• 6 physicians
• 5 APPs
• 2 pharmacists
• 22 bed floor
• 6 OPD nurses
• Social workers
• 160-180 pts/year
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