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• Play a substantial role in AML pathophysiology and IDH1/2 
mutations  are considered as early events in leukemogenesis

• Frequent events # 20 % AML 

• They are druggable

IDH1/2 mutant proteins are good targets 



Concurrent gene mutations in patients with IDH-mutated AML

Duchmann M et al; Blood (2021) 137 (20): 2827–2837.



IDH1/2 mutants produce D-2-HG 

2-HG Occupies the Same Space as α-KG Does in the Active Site

INHIBITION OF α-KG-dependent dioxygenases (control of demethylases)

IDH1 and IDH2 Mutations Alter Histone and DNA Methylation

Block of differentiation

Wei Xu et al Cancer cell 2011

Highly similar
molecules
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IDH1

Tibsovo

Olutasidenib

IDH2

Enasidenib

IDH–mutated R/R AML

FLT3 inhibitor if FLT3 positive



Overall response by IDH mutation type: R140Q 
36% / R172K 42%

Eytan M. Stein et al. Blood 
2017;130:722-731

Eytan M. Stein et al. Blood 2019;133:676-687
Courtney DiNARDO N Engl J Med 2018; 378:2386-2398

IDH inhibitors are FDA approved in R/R AML
High response rate



Overall response by IDH mutation type: R140Q 
36% / R172K 42%

IDH inhibitors are FDA approved in R/R AML
High response rate

de Botton S, et al., Blood Adv, 2023, 



Median OS 8.8 months (95% CI, 7.7-9.6)

Eytan M. Stein et al. Blood 2017;130:722-731 Courtney DiNARDO N Engl J Med 2018; 378:2386-2398

IDH inhibitors are FDA approved in R/R AML
Durable responses



IDH inhibitors are FDA approved in R/R AML
Durable responses

de Botton S, et al., Blood Adv, 2023, 

median OS 11.6 months



Courtney DiNARDO N Engl J Med 2018; 378:2386-2398Eytan M. Stein et al. Blood 2019;133:676-687

IDH inhibitors are FDA approved in R/R AML
SAFE



IDH inhibitors are FDA approved in R/R AML
SAFE

Differentiation
Syndrome

ALP, alkaline phosphate; ALT, alanine aminotransferase; AST, aspartate aminotransferase, PT, preferred term; SOC, system organ class

Liver
Abnormalities

All Grades: 
14% (21 pts)

Grades 3/4:
7% (11 pts) / 1% (1 pt)

• 3 pts discontinued 
treatment

• Event was fatal in 1 pt

• 18 pts had concomitant 
leukocytosis

TEAEs𝐚: 

All Grades: 21% (32 pts)

Grades 3/4: 
10% (16 pts)/2% (3 pts)

• 7 pts (Grade 3/4) discontinued 
treatment; 4 pts after 
recurrence post-rechallenge

• 25 pts had no dose modification 
or continued after a rechallenge

No Hy’s law cases

QTc
Prolongation

All Grades: 
8% (13 pts)

Grades 3/4: < 1% 
(1 pt, Grade 3)

• No events led to 
discontinuation

N=153, n (%)

All 

Grades

Grade

≥ 3

AST increased 65 (42) 12 (8)

ALT increased 63 (41) 19 (12)

ALP increased 60 (39) 9 (6)

Bilirubin 

increased
42 (27) 4 (3)

Laboratory
Abnormalitiesb: 

b Based on worst post-baseline laboratory 
values 

a Summary of relevant PTs from Hepatobilliary 
Disorders and Investigations SOCs



Differentiation Syndrome Associated With Enasidenib
# 12% of the R/R AML

AT Fathi et al. JAMA Oncol. 2018 Jan 18.



IDHENTIFY: study design and overall (ITT) results
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Phase 3, open-label, preselection study design

73.7%

Overall 

response rate

Primary endpoint: OS

Key secondary 
endpoints:

• EFS

• TTF

• 1-year survival 
rate

• ORR 

• HI, RBC-TI

Key inclusion criteria:

• ≥ 60 years of age

• De novo or secondary 

AML

• Confirmed IDH2

mutation

• ECOG PS score ≤ 2

• Received 2 or 3 prior 

AML-directed therapies

ENA
100 mg QD

n = 158

R
1:1

CCR
n = 161

Favors CCRFavors ENA

0.68

0.5

3
1.00.5

0.86 P = 0.23

P < 0.01

P < 0.01

HR

1-year survival ORR

ENA: 37.5%

CCR: 26.1%

ENA: 40.5%

CCR: 9.9%

Preselected

to AZA, 

IDAC, 

LDAC, or BSC 

only

ENA CCR

OS, median, mo 6.5 6.2

EFS, median, mo 4.9 2.6

TTF, median, 

mo
4.9 1.9

RBC-TI HI

ENA: 31.7%

CCR: 9.3%

ENA: 42.4%

CCR: 11.2%

KM-estimated survival outcomes

• AG221-AML-004

• OS was likely confounded by early Tx 
discontinuation and use of subsequent 
therapy during OS follow-up, which 
were more frequent in the CCR arm1

de Botton S, et al. Blood 2022



IDHENTIFY: study design and overall (mITT) results

• AG221-AML-004

de Botton S, et al. Blood 2022



R172 subgroup summary
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AML, acute myeloid leukemia; CCR, conventional care regimen; ENA, enasidenib; EFS, event-free survival; HI, hematologic improvement; HR, hazard ration; mo, month; ORR, overall 

response rate; OS, overall survival; TTF, time to treatment failure.

Favors CCRFavors ENA

0.47 [0.26–0.82]

0.30 [0.19–0.49]

1.00.5

0.59 [0.35–0.98] P = 0.039

P = 0.007

P < 0.001

HR [95% CI], ENA vs CCR

RBC-TI

ENA: 64%

CCR: 18%ENA 

(n=43)

CCR 

(n=45)

OS, median, mo 14.6 7.8

EFS, median, 

mo
10.1 2.7

TTF, median, 

mo
7.5 2.2

ORR

ENA: 51%

CCR: 7%

Any HI

ENA: 58%

CCR: 9%

• AG221-AML-004

Baseline mutations:
• Median 4 (range, 2–8) gene mutations

• Most common co-mutations: DNMT3A, 

RUNX1

• DNMT3A and TP53 preferentially co-

mutated with R172 (vs R140)



IDH inhibitors can suppress 2-HG 

2-HG normalized 
responders and non-responders

Not a surrogate marker of response

In non responders 
clones are not dependent 

on IDH1/2 mut

Enasidenib
acts efficiently on R140Q

Ivosidenib
acts efficiently on R132

Eytan M. Stein et al. Blood 2019;133:676-687

Sung Choe
Blood Adv. 2020 May 12;4(9):1894-1905



Eytan M. Stein et al. Blood 2019;133:676-687

2-HG reductions were significantly greater in patients achieving CR



• Number of associated mutations • Type of associated mutations 

Eytan M. Stein et al. Blood 2019;133:676-687

Sung Choe
Blood Adv
. 2020 May 12;4(9):1894-1905

ENA

IVO

Primary resistance to IDH inhibitors



Secondary resistance to IDH inhibitors

• Clonal evolution/selection leading to IDH1/2m 
independence

• Signaling pathways 35%

• Differentiation 31%

• Chromatin 31 %

• Epigenetics 8%

Quek et al Nature Medecine 2018; Intlekofer et al, Nature 2018

• IDH related = 35 % (2HG addiction)

• Gain /selection IDH1 or 2 

• Second site mutation

• 2-HG +++

Sung Choe Blood Adv  2020 May 12;4(9):1894-1905



To improve results of IDH inhibition 
alone

To ameliorate results of available
therapies

Combinations are required

• Almost all patients relapsed

• To prevent/delay relapses 
IDH independent

• To improve depth of 
response

• HMA are not very efficient  
(IDH1)

• To decrease relapse rate

• To delay relapses



IDH1

• Tibsovo + 5-AZA

• Tibsovo alone

• Venetoclax + 5-AZA

IDH2

• Venetoclax + 5-AZA

Patients > 75 y and/or not eligible for intensive chemotherapy
(Approved options)



5-AZA vs Venetoclax+ 5-AZA



5-AZA vs Venetoclax+ 5-AZA



At a median follow-up (28.6 months)

HR: 0.42
1-sided p<0.0001

De Botton et al. ASCO 2023. Abstract #7012

5-AZA + IVO



DiNardo, et al. Lancet Oncol. 2021 Nov;22(11):1597-1608. doi: 10.1016/S1470-2045(21)00494-0.

Enasidenib + 5-AZA in Patients With Newly Diagnosed AML

*ORR = (CR, Cri/CRp, PR, MLFS)



Enasidenib + AZA in Patients With Newly Diagnosed AML

EFSOS

DiNardo, et al. Lancet Oncol. 2021 Nov;22(11):1597-1608. doi: 10.1016/S1470-2045(21)00494-0.
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• Lachowiez et al. JCO 2022. Abstract #7018

ivosidenib with venetoclax +/- azacitidine in IDH1-mutated
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enasidenib with venetoclax +/- azacitidine in IDH1-mutated

A PHASE II STUDY OF ENASIDENIB WITH 
VENETOCLAX +/- AZACITIDINE IN IDH2-
MUTATED MYELOID MALIGNANCIES
Venugopal S et al, Blood Cancer 
Journal volume 12, Article number: 10 (2022)



Eytan M. Stein et al ; A Completed Phase 2/1b Sub-Study of the Beat AML Master Trial, Blood, 2020,

Phase 2 (n= 60)
enasidenib 100 mg/d

CR 37%
CRi 10 % 
ORR 50 %

Duration of response : NR
OS : 24.4 months

Phase 1b (n=17)
Enasidenib + 5-AZA

CR 18 %
CRi 24 %
ORR 47 %

OS = 8.9 months



Stahl et al 2021 Mar 9;5(5):1552-1564. doi: 10.1182/bloodadvances.2020003734.

IDH1 (n=9)
CR/CRi = 56 %
ORR = 67 %

IDH2 (n=15)
CR/Cri = 56 %
ORR = 67 %

Response to 5-AZA + VEN in R/R AML



5-AZA + VEN AFTER IDH inhibitor 5-AZA + VEN BEFORE IDH inhibitor

Bewersdorf Leukemia Lymphoma 2022



Prognostic significance of concurrent gene mutations in intensively treated patients 
with IDH-mutated AML:

Duchmann M et al; Blood (2021) 137 (20): 2827–2837.



Combination studies

Stein et al; Blood (2021) 137 (13): 1792–1803. https://doi.org/10.1182/blood.2020007233



CONCLUSIONS

Results of combination therapies are very encouraging

Favourable safety profile
synergistic effects inducing high response rate 
Translates into a significant improvement in EFS and in OS



CONCLUSIONS

Results of combination therapies are very encouraging

WHEN /HOW incorporate Bcl2 inhibitors ?


