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Morphology 

Next Generation Sequencing

Cytogenetics

Molecular characterization 

Immunophenotype 

Diagnostic work-up for AML is complex

http://www.google.com/url?url=http://en.wikipedia.org/wiki/Acute_myeloid_leukemia&rct=j&frm=1&q=&esrc=s&sa=U&ei=uBe4VJHAJtKryASr74HwAg&ved=0CDwQ9QEwEw&usg=AFQjCNGQrYOdmMe-5l1Cqk1CQorvAfDPCw
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOy1y8PbycYCFeU3pgod9E4Adw&url=http://wiki.clinicalflow.com/Cases/Case_List/Acute_Myelogenous_Leukemia_(AML)_not_otherwise_categorized_-_General_Information/AMML_(Acute_Myelomonocytic_Leukemia)_(M4)&ei=OCOcVey5NuXvmAX0nYG4Bw&bvm=bv.96952980,d.dGY&psig=AFQjCNGFDSXZSJwifH10hTIUVxB_GaSkRw&ust=1436382377665493


• Path Classification/Diagnosis: WHO Classification
• Prognostication: ELN classification
• Risk-adapted Treatment: chemotherapy vs AlloHCT
• Molecular Targeting Therapy: selection of small molecules 

targeting mutations or aberrantly functioning pathways
• Treatment Guidance: MRD vs CHIP
• Disease evolution: Changes clonal composition at relapse

NGS Utility in AML



AML: Pathogenesis

• Complex, diverse disease

• Genetic abnormalities 
include ultrastructrual 
changes to chromosomes, 
gene mutations (eg, 
DNAMT3A, TET2, FLT3, 
NPM1, IDH1/2, TP53), 
epigenetic changes, and 
changes in RNA splicing 
factors

• 86% pts have ≥ 2 genetic 
drivers

• Conclusion: AML is 
complicated !

Papaemmanuil E, et al. N Engl J Med. 2016;374:2209-2221. 

Landscape of Driver Mutations
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Favourable
Cytogenetic
t(8;21)(q22;q22.1) for RUNX1-RUNX1T1, and inv(16)(p14.1q22) or t(16;16) (p13.1;q22) for CBFB-MYH11 

Molecular
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow, and biallelic mutated CEBPA 

Intermediate
Cytogenetic
t(9;11)(p21.3;q23.3) for MLL3-KMT2A*, and cytogenetic abnormalities not classified as favourable or 
adverse
Molecular
Mutated NPM1 and FLT3-ITDhigh§, and wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow§ (without
adverse-risk genetic lesions) 

Advverse
Cytogenetic t(6;9)(p23;q34.1) for DEK-NUP214; t(v;11q23.3) for KMT2A rearranged; t(9;22)(p34.1;q11.2) 
for BCR-ABL1; inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2) for GATA2 and MECOM (EVI1); –5 or del(5q), –7, 
and-17/abn(17p); complex karyotype; and monosomal karyotype

Molecular
Wild-type NPM1 and FLT3-ITDhigh, mutated RUNX1, mutated ASXL1, and mutated TP53
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Jongen-Lavrencic M et al, NEJM, 2018

Risk-adapted Treatment: chemotherapy vs AlloHCT



Jongen-Lavrencic M et al, NEJM, 2018

MRD vs CHIP





Klco et al, JAMA Onc, 2015



Disease evolution: Changes clonal composition at relapse





The Hematologist, 2017



The Hematologist, 2017



ACTIONABLE MUTATIONS IN HEMATOLOGIC MALIGNANCIES 





Response dynamics in IDH2 mutant AML patients treated with enasidenib. 

Bas J. Wouters Blood 2017;130:693-694

©2017 by American Society of Hematology



Amatangelo MD et al. Blood. 2017

Enasidenib Induces AML Cell Differentiation to Promote Clinical Response



Stein et al. Blood. 2017

CR=38.5%

Median time to response: 1.9 mo. 
(range 0.5-9.4 )

87.3% of responding patients attained
a first response by cycle 5

Relapsed/refractory AML
Enasidenib 100 mg daily (n=109)Phase1 study



Stein et al. Blood. 2017

9.3 months

1-year survival 39%

19.7 months

13.8 months

7 months





Ivosidenib in Mutant IDH1 AML: Phase I
Study Design

• Multicenter, open-label, dose-escalation/expansion trial

Pts with mIDH1 
advanced 

hematologic 
malignancies

Ivosidenib PO daily, 28-day cycles
100 mg BID, or 200 mg, 500 mg, 

800 mg, or 1200 mg QD
(n = 78)

Dose Escalation
 Primary endpoints: safety and 

tolerability, MTD and/or RP2D, and 
clinical activity* in mIDH1 R/R AML

 Secondary endpoints: DLTs, PD, PK, 
preliminary clinical activity in 
advanced hematologic malignancies

 Exploratory endpoints: 
determination of comutations and 
mIDH1 VAFIvosidenib 500 mg PO QD

28-day cycles
(n = 180)

DiNardo CD, et al. ASH 2017. Abstract 725.

Dose Expansion

Pts with R/R AML in second 
relapse, relapse after SCT, 
refractory to induction or 

reinduction, relapse ≤ 1 yr (n = 126)

Pts with untreated AML 
ineligible for SoC (n = 25)

Pts with non-AML mIDH1 R/R 
advanced hematologic 

malignancy (n = 11)

Pts with R/R AML not eligible for 
other R/R AML arm (n = 18) *CR  CRh



 Median treatment duration for 
primary R/R AML set: 
3.9 mos (range: 0.1-25.8)

Ivosidenib in Mutant IDH1 AML: Response in 
Primary R/R AML Set

Duration of Best Overall Response in 
Responders (n = 52)

Duration of 
Response

CR + 
CRh CR All

Median, mos 8.2 9.3 6.5
At 6 mos, % 59.3 67.5 55.0
At 12 mos, % 32.4 41.2 24.6

Outcome Primary R/R AML Set
(n = 125)

CR + CRh, % (95% CI)
 Median time to CR/CRh, mos (range)
 Median duration of CR/CRh, mos (range)

30.4 (22.5-39.3)
2.7 (0.9-5.6)

8.2 (5.5-12.0)

CR, % (95% CI)
 Median time to CR, mos (range)
 Median duration of CR, mos (95% CI)

21.6 (14.7-29.8)
2.8 (0.9-8.3)

9.3 (5.6-18.3)

CRh, %* 8.8

ORR, % (95% CI)
 Median time to first response, mos (range)
 Median duration of response, mos (95% CI)

41.6 (32.9-50.8)
1.9 (0.8-4.7)
6.5 (4.6-9.3)

Best response, %
 CR
 CRi or CRp
 MLFS
 SD
 PD
 NA

21.6
12.8
7.2

35.2
10.4
12.8

DiNardo CD, et al. ASH 2017. Abstract 725.

*6 pts w/investigator-assessed CRi/CRp, 5 w/MLFS

MLFS, morphologic leukemia-free status



Ivosidenib in Mutant IDH1 AML: OS and 
Transfusion Independence in R/R AML

DiNardo CD, et al. ASH 2017. Abstract 725.

Independence from Transfusion by Best Response*OS by Best Response (n = 125)
Median OS, Mos
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Ivosidenib in Mutant IDH1 AML: Adverse Events 
(Any Cause)

Adverse Event, %
(N = 258) Any grade Grade ≥ 3 

Any 98.8 77.5

Diarrhea 33.3 2.3
Leukocytosis 30.2 6.6
Nausea 29.5 1.2
Fatigue 28.7 3.1
Febrile neutropenia 25.2 24.8
Dyspnea 23.6 3.5
Anemia 23.3 19.0
QT segment 
prolongation 22.5 8.9

Peripheral edema 21.7 0.0

Adverse Event, %
(N = 258) Any grade Grade ≥ 3 

Pyrexia 20.5 1.6
Decreased appetite 19.8 1.6
Constipation 18.6 0.8
Cough 18.6 0.4
Hypokalemia 17.4 2.7
Vomiting 17.4 1.2
Thrombocytopenia 15.9 13.6
Arthralgia 15.9 1.9

Dizziness 15.5 0.4

Epistaxis 15.1 0.8

DiNardo CD, et al. ASH 2017. Abstract 725.



Dinardo CD, et al. Blood. 2016;128:1070a.

AG-120: IDH1 Mutation Clearance in Patients 
with CR (5/14 Patients)



mIDH Inhibition in AML: Study Design

Primary objectives: safety and tolerability of ivosidenib and enasidenib

Open-label, phase I dose-escalation and -expansion trial

Adults with 
previously 

untreated AML 
(de novo or 

secondary) with 
documented 
IDH1 and/or 

IDH2 mutations

Stein EM, et al. ASH 2017. Abstract 726.

Induction (1-2 cycles) Consolidation
Maintenance

Ivosidenib 500 mg QD + ARA-C 
200 mg/m2/day x 7 days + IDR 12 

mg/m2/day x 3 days

Ivosidenib 500 mg QD + ARA-C 
200 mg/m2/day x 7 days + DNR 60 

mg/m2/day x 3 days

Enasidenib 100 mg QD + ARA-C 
200 mg/m2/day x 7 days + DNR 60 

mg/m2/day x 3 days

Enasidenib 100 mg QD + ARA-C 
200 mg/m2/day x 7 days + IDR 12 

mg/m2/day x 3 days

Ivosidenib 
500 mg QD 
+ ARA-C 
up to 4 
cycles

Enasidenib 
100 mg QD 
+ ARA-C 
up to 4 
cycles

mIDH1
CR
CRi
CRp

CR
CRi
CRp

CR
CRi
CRp

mIDH2

Single-agent 
ivosidenib or 

enasidenib QD for 
up to 2 yrs from 
induction Day 1

Pts who discontinue to go to transplant 
may not restart study treatment



TP53 Mutations: Frequency and Prognosis

 TP53 mutations found in ~ 8% of AML pts[1]

‒ Incidence increases with age – Predominantly in pts with complex karyotype

 Confers poor outcome to chemo, including lower CR rates, inferior RFS, OS[2]

OS by Karyotype Complexity[2]

All 21 pts 
w/mutated 
TP53 
responded

1. Döhner H, et al. N Engl J Med. 2015;373:1136-1152. 2. Rucker FG, et al. 
Blood. 2012;119:2114-2121. 3. Welch, et al. N Engl J Med. 2016;375:2023.

Response to Decitabine by Gene Mutation[3]
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Safety and Efficacy of Venetoclax in Combination with Decitabine or 
Azacitidine in Treatment-Naive, Elderly Patients ≥65 Years With Acute 

Myeloid Leukemia

• Design: Phase 1b, open-label, multicenter study with dose-escalation and expansion stages in elderly 
newly diagnosed AML (≥65 yo, ineligible for standard induction, prior HMA therapy excluded)

• Dose Escalation (n=45) and Dose Expansion (n=100)

• N=145 overall

PRIMARY OBJECTIVE 
Expansion 1: To assess the efficacy and safety of DEC or AZA + VEN 400 mg or VEN 800 
mg in patients ≥65 years of age with newly diagnosed AML who are ineligible for 
standard induction

SECONDARY OBJECTIVE 
To assess CR, CRi, duration of response (DOR), and overall survival (OS)



Response Rates by Patient Subgroups

• CR/CRi higher in intermediate cytogenetic risk than in poor risk pts
• Spliceosome or NPM1 mutations pts higher rates of CR/CRi (>70%)
• TP53 mutations or aneuploidy pts had a lower rate (52%)
Strickland S, et al. EHA 2018.



Overall Survival

Median Months of Survival (95% 
CI)

NR (11.0 – NA)
17.5 (12.3 – NA)
17.5 (10.3 – NA)

Ven 400 mg
All Patients
Ven 800 mg

• At a median time on study of 8.9 months (range, 0.2-31.6), the median overall survival (OS) in all treated patients was 
17.5 months (95% CI, 12.3, NR-)

• The estimated 6-month, 1-year, and 2-year OS rates were 80%, 59% and 46%

DiNardo CD, et al. ASCO 2018. Abstract 7042.



Strickland S, et al. EHA 2018.

Overall Survival by Molecular Subgroup



HMA

LD-ARA-C

Int. CHTAlvocidibMDM2 
antagonists

BH3 mimetics

CDK inhibitors
Galectin inhibitors





Rydapt è indicato  in combinazione con chemioterapia standard di induzione 
con daunorubicina e citarabina e di consolidamento con citarabina ad alte 
dosi seguita, per pazienti in risposta completa, da terapia di mantenimento 
con Rydapt come agente singolo per pazienti adulti con leucemia mieloide 
acuta (LMA) di nuova diagnosi con mutazione FLT3 positiva



Overall Survival (Primary Endpoint)
23% Reduced Risk of Death in the MIDO Arm

Median OS
MIDO 74.7 (31.7-NE); 

PBO 25.6 (18.6-42.9) months

NE, not estimable
*Controlled for FLT3 subtype (TKD, ITD-Low, ITD-High)

Arm 4-year Survival

MIDO 51.4% (95%CI: 46, 57)

PBO 44.2% (95%CI: 39, 50)

+ Censor

Hazard Ratio*: 0.77
1-sided log-rank P value*: .0074

Stone R, et al. N Engl J Med. 2017;377:454-464.



QuANTUM-R Study Design

Primary endpoint: overall survival (ITT population)
Secondary endpoint: event-free survival (ITT population)
Select exploratory endpoints: CRc rate, duration of CRc, and transplant rate 
Enrollment dates: May 2014 (first patient) to September 2017 (last patient)

FLT3-ITD AML 
(N = 367)

• Age, ≥ 18 years 
• Refractory AML or relapse within 

6 months of first remission (±
HSCT)

• ≥ 1 cycle of standard-dose 
anthracycline- or mitoxantrone-
containing induction therapy

• ≥ 3% FLT3-ITD allelic ratio
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Quizartinib 
continuation

Quizartinib (n = 245)

30 mg × 15 days  60 mg 
if QTcF ≤ 450 ms on day 16a

Salvage chemotherapy 
(n = 122)

LoDAC (n = 29) 

MEC (n = 40) 
or FLAG-IDA (n = 53)

HSCT

Optional treatments

2:
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HSCT

a20 mg × 15 days  30 mg if concomitantly taking CYP3A4 inhibitors. Data cutoff: February 2018 Cortes JE, et al. EHA abstracts 2018.



QuANTUM-R Primary Endpoint: Overall Survival
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HR, 0.76 (95% CI, 0.58-0.98)
P = 0.0177 (1-sided, stratified log-rank)

Median overall survival: 
Quizartinib (n = 245): 6.2 months (95% CI, 5.3-7.2 months)

Salvage chemotherapy (n = 122): 4.7 months (95% CI, 4.0-5.5 months)

Median follow-up: 23.5 months

27%

20%

Cortes JE, et al. EHA abstracts 2018.



OS By Treatment Regimen in poor risk AML 
(older patients with secondary AML)

Boddu P, et al. Cancer. 2017;123(16):3050-3060.







Lancet et al., JCO, 2018

SCT group

ITT 9.5 vs 5.9

NR vs 10.2



Hills RK, et al. Lancet Oncol.2014;15(9):986.

Gemtuzumab Ozogamicin in Induction Therapy 
Meta-analysis of 5 Randomized Trials
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