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Recurring Mutations in Patients with AML

Patel JP et al. N Engl J Med 2012;366:1079-1089.Courtesy of Eytan M Stein, MD



Pathogenesis of IDH Mutant AML

• IDH1 in cytoplasm and IDH2 
in mitochondria 

• Cancer-associated IDHm
produces 2-hydroxyglutarate 
(R-2-HG)

Prensner and Chinnaiyan Nature, 2011Courtesy of Eytan M Stein, MD



IDH2m and IDH1m: Distinct Genetically Defined Populations

1Includes 8.5% of Primary GBM
2Includes “basket” of emerging unconfirmed indications

IDH Mutations Seen in Multiple Cancer Types

Target Indication IDHm (%)

AML 15%

MDS/MPN 5%

Angio-immunoblastic NHL 25%

Others (melanoma, glioma, chondro) 3-5%

Type II D-2HG Aciduria (inborn error of metabolism) 100%

Low-grade glioma & 2ary GBM 70%

Chondrosarcoma >50%

AML 7.5%

MDS/MPN 5%

Intrahepatic cholangiocarcinoma 20%

Others (colon, melanoma, lung) 1-2%

IDH2m

IDH1m

Courtesy of Eytan M Stein, MD



ENAsidenib (IDH2) – Relapsed and 
Refractory AML.



Efficacy of Enasidenib in R/R AML

Relapsed/Refractory AML
Enasidenib
100 mg/day

(n=214)

All patients
(N=280)

Overall response rate, n (%) 38·8% (83/214) 39·6% (111/280)
CR + CRi/CRp 62 (29·0) 78 (27·9)

Best response, n (%)
Complete remission 42 (19·6) 53 (18·9)

CR with incomplete count recovery (CRi/CRp) 20 (9·3) 25 (8·9)

Partial remission, n (%) 9 (4·2) 17 (6·1)
Morphologic leukemia-free state, n (%) 12 (5·6) 16 (5·7)

Stable disease, n (%) 98 (45·8) 122 (43·6)
Progressive disease, n (%) 19 (8·9) 26 (9·3)
Not evaluable, n (%) 3 (1·4) 4 (1·4)

Stein EM, Dinardo CD, Blood 2017Courtesy of Eytan M Stein, MD



Response Kinetics with Enasidenib

Stein EM, Dinardo CD, Blood 2017Courtesy of Eytan M Stein, MD



Overall Survival – All R/R Patients

Stein EM, Dinardo CD, et al, Blood 2017Courtesy of Eytan M Stein, MD



Overall Survival Stratified by Best Response

Stein EM, Dinardo CD, et al, Blood 2017Courtesy of Eytan M Stein, MD



IDHentify – Randomized Enasidenib versus SOC

https://news.bms.com/news/details/2020/Bristol-Myers-Squibb-Provides-Update-on-Phase-3
-IDHENTIFY-Trial-in-Patients-with-Relapsed-or-Refractory-Acute-Myeloid-
Leukemia/default.aspx

Update on Phase 3 IDHENTIFY Trial in Patients with Relapsed or 
Refractory Acute Myeloma Leukemia

PRINCETON, N.J.—(BUSINESS WIRE)– (NYSE:BMY) The Phase 3 IDHENTIFY study evaluating enasidenib plus best supportive 
care (BSC) versus conventional care regimens, which include best supportive care (BSC) only, azacitadine plus BSC, low-dose 
cytarabine plus BSC or intermediate-dose cytarabine plus BSC, did not meet the primary endpoint of overall survival (OS) in 
patients with relapsed or refractory acute myeloid leukemia (R/R AML) with an isocitrate dehydrogenase-2 (IDH2) mutation. 
The safety profile of enasidenib was consistent with previously reported findings. The company will complete a full evaluation 
of the enasidenib data and work with investigators to present detailed results at a future medical meeting. 

Courtesy of Eytan M Stein, MD



IVOsidenib (IDH1 inhibitor) –
Relapsed/Refractory AML



Ivosidenib – Response and Response Duration.*

CD Dinardo, EM Stein, S deBotton et. al.  N Engl J Med 2018. Courtesy of Eytan M Stein, MD



Overall Survival by Best Response in R/R AML 500 mg (n=179)

Months

Overall survival, median [95% CI]

CR+CRh 18.8 [14.2, NE]
Non-CR/CRh 
responders

9.2 [6.7, 10.8]

Non-responders 4.7 [3.7, 5.7]

All 9.0 [7.1, 10.0]

Overall follow-up, 
median (range)

15.3 (0.2–39.5)

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 2 2 2 4 2 6 2 8 3 0 3 2 3 4 3 6 3 8 4 0
0 .0

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6

0 .7

0 .8

0 .9

1 .0

O v e ra ll s u rv iv a l (m o n th s )

S
u

rv
iv

a
l 

p
ro

b
a

b
il

it
y

N u m b e r  o f  p a t ie n ts  a t  r is k :

N o n -re s p o n d e rs

57 50 32 16 45757 43 25 11 456 215 47 3

N o n -C R /C R h  re s p o n d e rs

C R + C R h

C R + C R h

N o n -C R /C R h  re s p o n d e rs

N o n -re s p o n d e rs

O ve ra ll

12 1

18 10 3 11517 6 214 0

1 0 4 29 9 35577 15 6 038 2

C e n s o re d
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Ivosidenib – Newly Diagnosed AML

Roboz G, et. Al, Blood 2020
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Differentiation Syndrome

Patients treated with enasidenib have experienced symptoms of differentiation syndrome, which

Courtesy of Eytan M Stein, MD



Signs and Symptoms Consistent with IDH-DS (Enasidenib)

Fathi A, Dinardo CD, et al, JAMA Oncology 2018Courtesy of Eytan M Stein, MD



Fathi A, Dinardo CD, et al, JAMA Oncology 2018Courtesy of Eytan M Stein, MD



Date of download:  5/1/2018

Response Among Patients With and Without IDH-DS

Fathi A, Dinardo CD, et al, JAMA Oncology 2018Courtesy of Eytan M Stein, MD



IDH Inhibitor Combinations with Standard 
of Care Therapy



Ivosidenib with Aza – Newly Diagnosed AML

Dinardo C et. al, Journal of Clinical Oncology 2020
DOI: 10.1200/JCO.20.01632]Courtesy of Eytan M Stein, MD



AZA Only
(n=33)

• ND-AML

• Age ≥18 years

• Ineligible for intensive 
chemotherapy

• Patients with antecedent 
hematologic disorders allowed 

• Prior HMA excluded ENA 100 mg QD + AZA
(n=68)

ENA + AZA Dose-finding*:
ENA 100 mg QD + AZA (n=3)
ENA 200 mg QD + AZA (n=3)
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Aza With and Without Enasidenib – Newly Diagnosed AML

IVO + AZA 
Dose-finding* + Expansion:
IVO 500 mg QD + AZA (n=23)

DOSE-FINDING (3+3) PHASE IB

1

2

Primary Endpoint: ORR
Key Secondary Endpoints: CR rate, safety, overall 

survival (OS), event-free survival (EFS)

AZA Dosing: 75 mg/m2/day SC x 7 days/ 28-day cycle (all study phases)
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KEY ELIGIBILITY CRITERIA RANDOMIZED PHASE II

Dinardo, ASCO 2020Courtesy of Eytan M Stein, MD



Ongoing at data cutoff: 
1 (3%)

Ongoing at data cutoff: 
21 (31%)

Randomization (2:1)

ENA + AZA: 
n=68

Aza With and Without Enasidenib – Newly Diagnosed AML

RANDOMIZED PHASE II (N=101)

2 1

Discontinued: 47 (69%)
Disease progression: 21 (31%)
Death: 12 (18%)
Patient decision: 6 (9%)
Adverse event: 4 (6%)
Proceeded to HSCT: 3 (4%)
Transition to other Tx: 1 (1%)

Not treated: 1 (3%)

Discontinued: 31 (94%)
Disease progression: 17 (52%)
Patient decision: 7 (21%)
Transition to other Tx: 3 (9%)
Adverse event: 2 (6%)
Death: 1 (3%)
Proceeded to HSCT: 1 (3%)

AZA Only: 
n=33

Dinardo ASCO 2020Courtesy of Eytan M Stein, MD



Aza With and Without Enasidenib – Newly Diagnosed AML

• Median follow-up was 14 months in both treatment arms

• Median OS was 22.0 months in the ENA + AZA group and 22.3 months in the AZA Only group (HR 0.99 [95%CI 0.52, 1.87]; P=0.9686)

— Among pts in the ENA + AZA arm who achieved CR, median OS was not reached and 1-year survival was over 90%

• Median EFS was 17.2 months with ENA + AZA, vs. 10.8 months with AZA Only (HR 0.59 [95%CI 0.30, 1.17]; P=0.1278)

• In the AZA Only arm, 7 patients (21%) received subsequent treatment with enasidenib monotherapy
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Pts at risk:
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AZA Only:
22.3 months
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22.0 months
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Pts at risk:
ENA + AZA 68 49 38 34 26 17 11 9 6 1 1 1
AZA Only 33 21 12 10 5 3 1 1 1 0

Time (months)

Censored

Overall survival

AZA Only:
10.8 months

ENA + AZA:
17.2 months

Dinardo ASCO 2020Courtesy of Eytan M Stein, MD



Enasidenib/Ivosidenib with Induction Chemotherapy

ivosidenib 500mg +
ARA-C (200mg/m2/d x 7d) +

DNR (60mg/m2/d x 3d) 

ivosidenib 500mg +
ARA-C (200mg/m2/d x 7d) +

IDR (12mg/m2/d x 3d) 

enasidenib 100mg +
ARA-C (200mg/m2/d x 7d) +

DNR (60mg/m2/d x 3d) 

enasidenib 100mg +
ARA-C (200mg/m2/d x 7d) +

IDR (12mg/m2/d x 3d) 

INDUCTION
(1–2 cycles)

ivosidenib 
500mg + 
ARA-C 

(up to 4 cycles)
or mitoxantrone 

+ etoposide 
(ME)

CONSOLIDATION

enasidenib 
100mg + 
ARA-C 

(up to 4 cycles) 
or mitoxantrone 

+ etoposide 
(ME)

CR 
CRi 
CRp

CR 
CRi 
CRp

Single-agent 
ivosidenib or 
enasidenib

daily until the 
end of studya

MAINTENANCE
SC
R
EE
N
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G

mIDH1

mIDH2

Ivosidenib and enasidenib are discontinued and not 
resumed in patients who proceed to transplant

ARA-C = cytarabine; DNR = daunorubicin; IDR = idarubicin 

CR 
CRi 
CRp

Courtesy of Eytan M Stein, MD



Enasidenib/Ivosidenib with Induction Chemotherapy

Stein EM, et al, Blood 2020Courtesy of Eytan M Stein, MD



Enasidenib/Ivosidenib with Induction Chemotherapy

Ivosidenib
Enasidenib
Censored

Courtesy of Eytan M Stein, MD



Case #1
• 86 year old woman with newly diagnosed AML associated with mutations in IDH2, RUNX1 

and DNMT3A. 
• Physical exam is normal. Peformance status is 1.
• Labs notable for pancytopenia with platelets of WBC of 3 (ANC of 0.5), Hgb of 8 and 

platelets of 13.
• Started on treatment with aza/ven. Achieves a complete remission with the presence of 

MRD after one cycle of therapy
• Develops COVID pneumonia, 3 week hospitalization, survives.
• Receives another cycle of aza/ven and relapses with 30% blasts
• Started on enasidenib 100 mg daily. Has brief onset of differentiation syndrome a month 

into therapy, with lower extremity edema and shortness of breath. Steroids given.
• Achieves an MRD negative complete remission at cycle 3 day 1.

Courtesy of Eytan M Stein, MD



Case #2
• 76 year old woman presents with fatigue, shortness of breath, petechiae.
• Exam shows scattered bruising and a petechial rash.
• Labs notable for WBC of 6, hgb of 6.4, platelets of 5.
• Bone marrow biopsy confirms a diagnosis of AML with 55% blasts and mutations in IDH1 

and DNMT3A.
• Patient wants to take oral medication – does not want aza or aza/ven– and is started on 

ivosidenib 500mg qd. 
• At cycle 4 day 1, achieves an MRD negative complete remission.
• Is now in a continuous MRD negative complete remission at cycle 60 (5 years!).

Courtesy of Eytan M Stein, MD


