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Genomic landscape of de novo AML

Döhner et al. NEJM 2015

Commonly 
mutated functional 
gene categories:

(1) signaling genes
(2) transcription 

factors
(3) NPM1
(4) spliceosome 

complex
(5) Cohesion 

complex 
(6) chromatin 

modification
(7) DNA 

methylation
(8) tumor-

suppressors



2017 ELN recommendations

Döhner et al. Blood 2017



AML incidence increases with age

>50%



Genomic landscape of adult AML

Papaemmanuil, Gerstung, Bullinger et al. N Engl J Med 2016

Median age: 

50 yrs



Number of driver mutations 

increases with age

Papaemmanuil, Gerstung, Bullinger et al. N Engl J Med 2016



Age-related frequency of gene mutations

Bullinger et al. J Clin Oncol 2017
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Mutational landscape in AML ≥70yrs (n=295) 

Hoyos et al. EHA 2018

Median age: 77 yrs
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IDH2  +  IDH1            ~15%



IDH1 and IDH2 - therapeutic target structure

2-HG, 2-hydroxyglutarate; mIDH, mutant IDH
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Enasidenib (AG-221) 

in IDH2mut relapsed or refractory AML

Stein et al. Blood 2017

Overall response rate: 40.3%



Ivosidenib (AG-120) and Enasidenib (AG-221)

clinical development program



AG-120/AG-221 vs placebo + chemotherapy 

forIDH1mut/IDH2mut AML – AMLSG 29-18

Patients in CR/CRi after two cycles of induction proceed to AMLSG/HOVON-specific consolidation therapy; assignment to allogeneic hematopoietic cell 
transplantation (HCT) according to the local institutional or cooperative group prognostic algorithm; HCT can be performed at any time point following one 
induction cycle

a IDAC, intermediate-dose cytarabine; age-adapted dosing
b HOVON consolidation: autologous HCT; or mitoxantrone / etoposide Expected start Q3/2018
c Assignment based on patient- and disease-related factors
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AML with FLT3 mutation –

midostaurin plus chemotherapy (RATIFY)

Hazard Ratio: 0.77;   4-yr OS: Midostaurin 51%; Placebo: 44% 

Stone et al. NEJM 2017



Midostaurin plus chemotherapy for

AML with FLT3-ITD – AMLSG 16-10

1-yr maintenance

Midostaurin**

1-yr maintenance

1st priority

2nd priority

* Adult patients 18 – 70 years

** Continuous dosing of midostaurin (start on day 8; except days of chemotherapy)

*** Midostaurin given also after allogeneic HCT (start d+30)

ClinicalTrials.gov: NCT01477606 (active)

n=440
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AMLSG 16-10 vs historical control -

Propensity Score Weighting Analysis*

*Propensity score weighting 

on age, gender, WBC, marrow blasts, NPM1 mutations

HR = 0.70 (CI95% 0.535, 0.920) 

Age 18-60 years

HR = 0.49 (CI95% 0.316, 0.753) 

Age 60-70 years



Resistance to FLT3 inhibition

Patterns of clonal evolution – persistence of FLT3 at relapse

Schmalbrock et al. ASH 2017, Manuscript in preparation.



Next-Generation-Sequencing based

MRD monitoring in FLT3-ITD AML

Blätte et al. Manuscript in preparation



FLT3 Inhibitors in Clinical Development

Relative selectivity and potency (IC50) of TKIs against FLT3-ITD

• 1st generation TKIs non-selective; less favorable safety profile; when used as 
single agent, only transient blast reductions observed

• 2nd generation TKIs (quizartinib [AC220], crenolanib, gilteritinib [ASP2215]) more 
selective and more potent

Galanis A, et al. Cancer Res. 2012;72:3660 (abstract); Karaman MW, et al. Nature 
Biotechnology. 2008;26(1):127-132; Zarrinkar PP, et al. Blood. 2009;114(14):2984-2992.



Midostaurin vs Gilteritinib + chemotherapy 

for FLT3mut AML – AMLSG 28-18

Patients in CR/CRi after two cycles of induction proceed to AMLSG/HOVON-specific consolidation therapy; assignment to allogeneic 
hematopoietic cell transplantation (HCT) according to the local institutional or cooperative group prognostic algorithm; HCT can be 
performed at any time point following one induction cycle

a IDAC, intermediate-dose cytarabine; age-adapted dosing
b HOVON consolidation: autologous HCT; or mitoxantrone / etoposide
c Assignment based on patient- and disease-related factors Expected start: Q3 / 2018

R

Dauno
Cytarabine

Midostaurin

Dauno
Cytarabine
Gilteritinib

Dauno
IDACa

Midostaurin

Dauno
IDACa

Gilteritinib

IDAC
Midostaurin

IDAC
Midostaurin

IDAC
Midostaurin

Gilteritinib

Midostaurin

Induction I Induction II Consolidation 1-yr Maintenance

Assignment to allogeneic HCTc

n=768

Option 2b

Midostaurin

IDAC
Gilteritinib

IDAC
Gilteritinib

IDAC
Gilteritinib

Option 2b

Gilteritinib

≥18 yrs

AML with
FLT3

mutation



NGS-based routine AML diagnostics

Individualized 

risk prediction and 

therapeutic decision making

Targeted Re-Sequencing 

in routine AML 

diagnostics

e.g. with the aid of Illumina 

sequencing technology 

(MiSeq)

=> „Myeloid Panel“

Building up databases

=> Linking genetic and 

clinical information

(„Knowledge Databases“) 

Continuous process

(data sets from older pts, 

targeted therapies, etc.)



Translation into the clinic

AMLSG-BiO [NCT01252485]



Genetics guided AML therapy

 AMLSG 2018 portfolio – intensive therapy



Big Data for Better Outcomes program

Healthcare Alliance 

for Resourceful 

Medicines Offensive 

against Neoplasms in 

HematologY

www.harmony-alliance.eu



Precision medicine in AML: hype or hope?

• We have entered a new era in leukemia genomics

• Currently, cytogenetics and NPM1, CEBPA, FLT3, RUNX1, ASXL1

and TP53 mutational screening are standard of care (ELN)

 Targeted gene panel testing 

• Explosion of knowledge starts to be translated into therapeutic benefit

 Building up large knowledge data bases

 Novel compounds at the horizon hold promise to enter the clinic

• Major challenge: identification of predictive biomarkers that help 

selecting the appropriate therapy for an individual patient

 Integrate biosampling, companion studies

• Enter your patients, younger or older, on a clinical trial!
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