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Abstract

Mutations of isocitrate dehydrogenase (IDH) are recurrent in newly diagnosed acute myeloid leukemia (AML) and their prev-
alence increases with age. The prognostic impact of IDH mutations in AML remains controversial. IDH inhibitors generally 
have a favorable side-effect profile, making them an attractive option for older patients. This retrospective analysis aimed 
to describe the prevalence and prognostic impact of IDH mutations in a large cohort of newly diagnosed AML patients aged 
≥60 years enrolled in the Beat AML clinical trial. A total of 1,023 patients were included. IDH mutations were detected in 
28% of patients, including 9.7% with IDH1mut, 18.9% with IDH2mut, and 1.0% with mutations in both IDH1 and IDH2. IDH muta-
tions frequently co-occurred with DNMT3A (38%), NPM1 (35%), and SRSF2 (34%) mutations. In patients treated with inten-
sive chemotherapy, IDH mutations were not prognostic for overall survival (OS) (P=0.76), while OS was longer for patients 
with IDH2mut compared to IDHwt in patients treated with hypomethylating agent (HMA)-based therapy (median OS, 18.5 vs. 
10.2 months, P<0.001). IDH1 was not significant for outcome. IDH2 remained prognostic for OS after exclusion of patients 
receiving an IDH inhibitor (hazard ratio=0.60, 95% confidence interval: 0.41-0.89). Outcomes with TP53 or myelodysplasia-re-
lated gene mutations were also better with an IDH co-mutation (P=0.043, and P=0.006, respectively). In patients treated 
with HMA plus venetoclax (N=243), IDHmut was not prognostic (P=0.42). The high prevalence of IDHmut and favorable impact 
in patients treated with HMA-based therapy supports studies investigating the addition of targeted therapies to HMA-based 
regimens for older patients with IDH-mutant AML; mut: mutated; wt: wild-type. 

Introduction

Alterations in cellular metabolism and epigenetic regula-
tion are implicated in the pathogenesis of acute myeloid 
leukemia (AML).1 Isocitrate dehydrogenase (IDH) is involved 

in cellular metabolism, histone demethylation, and DNA 
modification.2,3 IDH1 and IDH2 are homodimeric nicotin-
amide adenine dinucleotide phosphate (NADP)-dependent 
enzymes that catalyze the oxidative decarboxylation of isoc-
itrate to α-ketoglutarate in the cytoplasm and mitochondria, 
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respectively.4 The vast majority of IDH1 mutations in AML 
occur at arginine 132 (R132), while IDH2 mutations typically 
occur at arginine 140 (R140) or arginine 172 (R172).5 These 
mutations occur within the conserved, active site of the en-
zyme, resulting in a partially reversed reaction that reduces 
α-ketoglutarate to 2-hydroxyglutarate. Accumulation of the 
oncometabolite 2-hydroxyglutarate interferes with α-keto-
glutarate-dependent enzymes such as Tet methylcytosine 
dioxygenase 2 (TET2)-dependent DNA hydroxymethylation, 
histone demethylation and hypoxia-inducible factor-1α ac-
tivation leading to impaired hematopoietic differentiation 
and enhanced proliferation.3,6-8 
IDH mutations were first identified in AML in 2008 and have 
since been found to be among the most common recurrently 
mutated genes in AML.9 The prognostic impact of IDH1 and 
IDH2 mutations remains controversial, and may be influ-
enced by cytogenetic context (i.e., normal karyotype) and 
the presence of other molecular abnormalities (i.e., NPM1, 
FLT3-ITD) in patients treated with intensive chemothera-
py.10-13 In patients receiving lower-intensity treatment, recent 
studies have reported particularly favorable outcomes with 
incorporation of venetoclax-based therapies for patients 
with IDH1 and IDH2 mutations.14

IDH inhibitors are small molecules that bind within the IDH 
enzymatic active site blocking aberrant 2-hydroxyglutarate 
production and inducing myeloid differentiation and en-
hanced proliferation.15 Although they can lead to differenti-
ation syndrome, they generally have a favorable side-effect 
profile, making them an attractive option, particularly for 
older patients. While IDH mutations are known to occur 
more frequently in older AML patients, only a few studies 
have reported on the prevalence of IDH mutations in patients 
60 years or older. We aimed to describe the incidence and 
prognostic impact of IDH mutations in patients with newly 
diagnosed AML aged 60 years or older in a large cohort of 
AML patients treated on the Beat AML clinical trial. 

Methods

Study cohort
Eligible patients were adults aged 60 years or older with 
newly diagnosed AML who met the screening criteria for 
enrollment in the Beat AML trial (NCT03013998) and pro-
vided consent before 10 May, 2023.16 Informed consent was 
obtained in accordance with the Declaration of Helsinki. 
The study was approved by institutional review boards. 
Details of treatments received are provided in Online Sup-
plementary Table S1. 
Details of genomic analysis have been reported previous-
ly.16 Cytogenetic analysis from diagnostic assessment was 
centrally reviewed and reported in accordance with the 
International System for Human Cytogenomic Nomencla-
ture.17 Complex karyotype was defined by the presence of 
≥3 unrelated chromosome abnormalities. Normal karyotype 

was defined by the detection of no chromosome abnor-
malities in a minimum of at least 20 metaphases analyzed. 
Cytogenetics were centrally reviewed (NH). IDH molecular 
testing was performed by next-generation sequencing using 
FoundationOne Heme (Foundation Medicine).18 A mutation 
was considered present at any detectable variant allele 
frequency. 

Statistical analysis
The patients’ characteristics are summarized using the 
median (range) for continuous variables and frequency 
(percentage) for categorial variables. The Student t test or 
Wilcoxon rank sum test and χ2 or Fisher exact test were 
used to compare continuous or categorial variables, re-
spectively. Statistical significance was defined by a P<0.05. 
Patients with an IDH mutation outside the active site (N=11) 
were excluded from the outcome analysis. Patients with 
active site mutations in both IDH1 and IDH2 (N=6) were 
included in analyses that evaluated the impact of IDHmut 
on outcome but were excluded from sub-analyses for 
IDH1 or IDH2. Patients with a mutation in both an active 
site of one and an inactive site in the other were assigned 
based on their mutation in the active site. As an example, 
a patient with mutated IDH1-R132C and IDH2-V406L was 
assigned to IDH1. Overall survival (OS) was estimated using 
the Kaplan-Meier method from the date of trial inclusion 
until death. OS was censored for date of allogeneic hema-
topoietic stem cell transplantation (HSCT) or last follow-up. 
Group differences were calculated using the log-rank test. 
Cox proportional hazard models were used to describe the 
relative risk of each variable on death over time from the 
date of trial inclusion. Statistical analyses were conducted 
in RStudio, version 4.2.3.

Results

Patients’ characteristics and prevalence of IDH 
mutations
We identified a total of 1,023 patients with newly diag-
nosed AML who were 60 years or older at the date of trial 
inclusion. Patients had a median age of 72 (range, 60-92) 
years. The majority were non-Hispanic White (82%), and 
42% were female (Table 1). There were 282 (28%) patients 
identified with an IDH mutation. Ninety-nine (9.7%) pa-
tients had IDH1-mutated (IDH1mut) AML, with nearly all IDH1 
mutations at the active site, IDH1-R132 (N=90/99, 91%), 
including R132C (N=46), R132H (N=33), R132G (N=6), and 
R132S (N=5). The remaining nine mutations were outside 
the active sites at A353D (N=1), D38N (N=1), D220G (N=1), 
F32V (N=2), F355S (N=1), M318T (N=1), and V294M (N=2).
There were 193 (19%) IDH2 mutations identified with near-
ly all being point mutations at active sites, including 
IDH2-R140 (N=144 [75%]: R140W [N=6], R140Q [N=136], 
R140L [N=2]) or IDH2-R172 (N=43 [22%]: R172K [N=43]). 
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The remaining six IDH2 mutations were at inactive resi-
dues: A22V, D225N, E429K, I98T, V406L, Y179D. Six patients 
had mutations in the active sites of both IDH1 and IDH2, 
and four patients had a mutation in the active site of IDH1 
(N=2) or IDH2 (N=2) as well as a mutation in the inactive 
site of the other. 
The prevalence of IDH mutations was fairly stable among 
patients 60 years and older according to age groups (Fig-
ure 1A). A significantly greater proportion of patients with 
IDHmut were female, compared to patients with wildtype 
IDH (IDHwt) (48% vs. 40%, P=0.045), and were classified as 

favorable risk by 2022 European LeukemiaNet criteria (24% 
vs. 12%, P<0.001) (Table 1).

IDH associated with mutations and cytogenetics
The most commonly co-occurring mutations with IDHmut 
compared to IDHwt were DNMT3A (38% vs. 20%, P<0.001), 
NPM1 (35% vs. 14%, P<0.001), and SRSF2 (34% vs. 17%, 
P<0.001) (Figure 1B). Genes that were observed in IDHwt 

compared to IDHmut included TP53 (31% vs. 10%, respectively, 
P<0.001) and TET2 (28% vs. 11%, respectively, P<0.001). ASXL1, 
KRAS, NRAS, WT1, RUNX1 and FLT3 were all not statistically 

Table 1. Baseline characteristics of the study patients (N=1,023).

Characteristic All patients
N=1,023

IDH1mut

N=99
IDH2mut

N=193
IDH1/2mut

N=282
IDHwt

N=741
P

IDHmut vs. IDHwt

Age, years, median (range) 72 (60-92) 72.4 (61-87) 73.2 (60-91) 72.9 (60-91) 72.2 (60-92) 0.141

Female sex, N (%) 433 (42) 46 (46) 91 (47) 134 (48) 299 (40) 0.045

Ethnicity, N (%)†

Hispanic
Non-Hispanic
Unknown

23 (2)
951 (93)
 49 (5)

2 (2)
94 (95)

3 (3)

8 (4)
177 (92)

8 (4)

9 (3)
262 (93)

11 (4)

14 (2)
689 (93)

38 (4)

0.323

Race, N (%)† 
White
African American
Asian
Multiple or other
Unknown

801 (75)
47 (5)
30 (3)

78 (80)
67 (7)

80 (81)
3 (3)
3 (3)
9 (9)
4 (4)

149 (77)
8 (4)
7 (4)

17 (9)
12 (6)

222 (78)
11 (4)
10 (4)
24 (9)
15 (5)

579 (78)
36 (5)
20 (3)
54 (7)
52 (7)

0.743

Cytogenetics, N (%)†

Normal karyotype
Complex karyotype
Chromosome 5/5q, 7 or 17/17p 
abnormalities
Core-binding factor
KMT2A rearrangement
Other
Unknown

333 (36)
280 (30)

54 (6)

35 (4)
21 (2)

203 (20)
97 (9)

51 (52)
10 (10)

7 (7)

0 (0)
0 (0)

20 (20)
11 (11)

90 (47)
21 (11)
9 (5)

2 (1)
1 (0.1)
48 (25)
22 (11)

138 (41)
30 (11)
15 (5)

2 (0.7)
1 (0.3)
64 (23)
32 (11)

195 (26)
250 (34)

39 (5)

33 (4)
20 (3)

139 (19)
65 (9)

<0.001

2022 ELN category
Favorable
Intermediate
Adverse
Unknown

159 (16)
102 (10)
674 (66)

88 (9)

26 (26)
14 (14)
48 (48)
11 (11)

43 (22)
25 (13)

103 (53)
22 (11)

67 (24)
38 (13)

145 (51)
32 (11)

92 (12)
64 (9)

529 (71)
56 (8)

<0.001

Mutation, N (%)*
DNMT3A
TP53
TET2
RUNX1
SRSF2
ASXL1
FLT3 ‡

NPM1
NRAS

259 (25)
256 (25)
241 (24)
227 (22)
222 (22)
215 (21)
210 (21)
207 (20)
175 (17)

42 (42)
10 (10)
21 (21)
18 (18)
29 (29)
28 (28)
25 (25)
44 (44)
19 (19)

69 (36)
18 (9)
13 (7)

43 (22)
74 (38)
44 (23)
38 (20)
60 (31)
26 (13)

108 (38)
28 (10)
31 (11)
58 (21)
97 (34)
68 (24)
60 (21)

100 (35)
42 (15)

151 (20)
228 (31)
210 (28)
169 (23)
125 (17)
147 (20)
150 (20)
107 (14)
133 (18)

<0.001
<0.001
<0.001
0.493

<0.001
0.157
0.780

<0.001
0.286

†Unknown values were not considered in P value calculations and are excluded from the results. *Mutations were considered 
present at any detectable variant allele frequency. ‡FLT3 was mutated in 210 patients; 109 patients had FLT3-ITD, 65 patients had 
a FLT3-TKD mutation, 14 patients had both FLT3-ITD and FLT3-TKD. ELN: European LeukemiaNet; ITD: internal tandem duplication; 
TKD: tyrosine kinase domain. 
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associated with IDH mutations. 
IDHmut was more frequently associated with a normal karyo-
type compared to IDHwt (41% vs. 26%, P<0.001), while com-
plex karyotype (34% in IDHwt vs. 11% in IDHmut, P<0.001) 
and core-binding factor (CBF) (4% IDHwt vs. 0.7% in IDHmut, 

P=0.035) cytogenetic abnormalities were significantly more 
commonly detected in patients with IDHwt (Figure 1B). Only 
one patient with CBF-AML had an active site IDH2 muta-
tion, a second patient had a non-pathogenic mutation, 
IDH2-A22V. 

Figure 1. IDH mutations in older patients with acute myeloid leukemia. (A) The prevalence of IDH mutations in acute myeloid 
leukemia according to age. (B) Co-occurring mutations and karyotypes in patients with mutated IDH (IDHmut) (red) and wild-type 
IDH (IDHwt) (blue). Significant associations with P<0.05 are denoted with an asterisk (*).

A

B
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IDH mutations and clinical outcome
A total of 1,002/1,023 (98.0%) patients were eligible for out-
come analysis; ineligibility was due to lack of follow-up data 
(N=10) or an IDH mutation outside the active site (N=11). Of 
the 1,002 patients, 187 were treated with intensive chemo-
therapy, 705 were treated with lower-intensity therapy and 
96 patients received supportive care or therapy regimen 
was unknown (N=14). Ninety-eight patients were treated 
with an IDH inhibitor (ivosidenib [N=24] or enasidenib 
[N=74]). One hundred forty-six (14.6%) patients proceeded 
with allogeneic HSCT. A summary of the various treatment 
regimens is shown in Online Supplementary Table S1. 
Among patients treated with intensive chemotherapy, IDHmut 
patients (N=50) and IDHwt patients (N=137) had a similar 
median OS of 23.5 and 22.4 months, respectively (P=0.76) 
with a hazard ratio (HR) of death of 1.09 (95% confidence 
interval 95% CI:]: 0.64-1.83) (Online Supplementary Figure 
S1A, Online Supplementary Table S2). Analysis by type of 
IDH mutation did not show a difference between IDH1mut 
versus IDH2mut compared to IDHwt (Figure 2A, Online Sup-
plementary Table S2). One patient was excluded from the 
analysis due to the presence of active site mutations in 
both IDH1 and IDH2. Seventy (37%) patients treated with 
intensive chemotherapy proceeded with allogeneic HSCT. 
When comparing IDHmut patients (N=195) to IDHwt patients 
(N=510) among those treated with any lower-intensity ther-
apy regimen (N=705), IDHmut was statistically associated with 
a higher survival probability compared to IDHwt (HR=0.63, 
95% CI: 0.51-0.78), with a median OS of 15.6 versus 10.2 
months (P<0.001) for IDHmut and IDHwt, respectively (Online 
Supplementary Figure S1B). The prognostic impact was 
mainly driven by IDH2 (N=133) compared to IDHwt (HR=0.56, 
95% CI: 0.44-0.72), whereas IDH1mut (N=58) was not sig-

nificantly prognostic (HR=0.84, 95% CI: 0.60-1.18) (Online 
Supplementary Table S3). Given that most patients treated 
with lower-intensity therapy received a hypomethylating 
agent (HMA)-based regimen (N=666/705, 94.5%), we then 
performed a similar analysis restricted to patients treated 
with HMA-based therapy. Survival analysis showed a median 
OS of 16.7 versus 10.2 months (P<0.001) for IDHmut (N=179) 
versus IDHwt (N=487), respectively (Online Supplementary 
Figure S1C). Analysis by IDH subtypes showed that IDH2mut 

was associated with a hazard ratio of 0.55 (95% CI: 0.43-0.72) 
for death compared to IDHwt, irrespective of IDH2 mutation 
subtype (Table 2), with a median OS of 18.5 versus 10.2 
months for IDH2mut versus IDHwt, respectively (Figure 2B). 
IDH1mut was not significant for survival outcome. Seventy 
patients (10.5%) treated with HMA-based therapy received 
allogeneic HSCT; IDH1mut (N=9), IDH2mut (N=17), IDHwt (N=44). 
IDHmut was a favorable prognostic factor among the patients 
receiving a HSCT (P=0.043); numbers were too small to 
evaluate the impact of IDH1mut or IDH2mut. 
After exclusion of patients also receiving a IDH inhibitor 
as part of their treatment regimen (N=84), IDH2 (N=57) 
remained favorably associated with outcome (HR=0.60, 
95% CI: 0.41-0.89) compared to IDHwt. In patients treated 
with HMA in combination with venetoclax (N=243), OS was 
similar for IDHmut and IDHwt patients (P=0.42), irrespective 
of whether the mutation was in IDH1 or IDH2. 

Survival in patients with IDH mutations and karyotype 
abnormalities
IDH mutations frequently co-occur with normal karyotype 
and less frequently with a complex karyotype.19,20 When we 
analyzed IDH mutations in patients with cytogenetically 
normal AML (N=203), IDHmut was associated with a longer 

Figure 2. Kaplan-Meier survival analysis for overall survival stratified by IDH mutation. (A, B) Overall survival analysis in patients 
treated with intensive chemotherapy (A) and hypomethylating agent-based therapy (B). Patients with a mutation in both IDH1 and 
IDH2 were excluded from the analysis. mut: mutated; wt: wild-type.

A B
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OS (median OS 21.1 vs. 15.8 months, P=0.035) compared 
to IDHwt among those receiving HMA-based therapy (IDH1: 
HR=0.78, 95% CI: 0.43-1.40; IDH2: HR=0.65, 95% CI: 0.42-
1.00). No significant prognostic impact of IDH was found in 
patients receiving intensive chemotherapy (N=90). In pa-
tients with complex cytogenetics (N=209), IDHmut (N=23) was 
associated with a superior OS compared to IDHwt (N=186) 
(median OS 10.9 vs. 6.9 months, P=0.05). Numbers were 
too small to investigate the effect of IDH in CBF-AML or 
KMT2A-rearranged AML. 

Clinical impact of IDH in combination with NPM1, TP53 
or myelodysplasia-related gene mutations
With 35% of patients having a co-occurring NPM1 muta-
tion, previous studies have shown that IDH mutations with 
NPM1-mutant and FLT3-ITD-negative molecular status have 
been associated with particularly favorable outcomes, while 
others showed worse outcomes in subsets of patients with 
NPM1- and IDH-mutated AML.11,21 We, therefore, analyzed 
whether the favorable outcome associated with IDH in 
patients receiving HMA-based therapy further improved in 
the presence of a NPM1 mutation in FLT3-ITD-negative AML. 
IDHmut (N=47) did not prolong OS compared to IDHmut (N=27) 
in patients with NPM1-mutant and FLT3-ITD-negative AML 
(HR=0.82, 95% CI: 0.44-1.56) (Table 2). 
OS for patients with TP53-mutant AML treated with HMA-
based therapy improved when co-mutated with IDH, with 
a median OS of 10.2 versus 6.9 months for IDHmut (N=20) 
and IDHwt (N=167) patients, respectively (P=0.043) (Online 
Supplementary Figure S2A). Among these 20 TP53-mutant 
AML patients with an IDH mutation, nine were treated with 
an IDH inhibitor, with a trend towards longer OS time for 
patients treated with an IDH inhibitor (P=0.058) (Online 
Supplementary Figure S2B). 
Like TP53 mutations, myelodysplasia-related mutations, 
including ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, 

U2AF1, and ZRSR2, are common in older patients with AML 
and are associated with dismal outcomes. When co-mu-
tated with IDH (N=116), the median OS improved compared 
to that of patients with myelodysplasia related-gene mu-
tations and wild-type IDH (N=267) from 10.6 months to 
16.7 months in patients treated with HMA-based therapy 
(P=0.006) (Online Supplementary Figure S2C). The effect was 
mostly driven by IDH2 (HR=0.64, 95% CI: 0.47-0.88). Half of 
the patients (N=58/116) were treated with an IDH inhibitor, 
which resulted in an improved median OS compared to 
that of patients who did not receive treatment with an IDH 
inhibitor (median OS 17.6 vs. 14.1 months, P=0.029) (Online 
Supplementary Figure S2D).

Discussion

In this study we present a large, retrospective analysis of 
more than 1,000 patients 60 years and older with new-
ly diagnosed AML enrolled in the Beat AML clinical trial 
(NCT03013998) describing the incidence and prognostic 
impact of IDH mutations. IDH mutations were found in 28% 
of patients overall and in 36% of patients with a normal 
karyotype, with IDH2 mutations occurring in 19% of patients 
and accounting for approximately two-thirds of the IDH 
mutations. This is concordant with other cohorts focused 
on older patients with AML reporting IDH mutations in 21% 
to 28% of patients.22-25 We observed a significantly favorable 
prognostic association between IDH2 mutations and survival 
in patients treated with HMA-based therapy. 
The impact of IDH mutations on outcome has been studied 
extensively in the setting of intensive treatment and remains 
controversial.12,13,26-29 In contrast, the importance of IDH mu-
tations for outcome in patients treated with lower-intensity 
therapies has been studied much less.30,31 IDH1 and IDH2 
mutations are associated with older age at presentation 

Table 2. Univariate analysis for IDH-mutated patients treated with hypomethylating agent-based therapy (N=666).†

Mutation status N HR 95% CI P

IDHwt

IDHmut

IDH1mut

IDH2mut

IDH2-R140mut

IDH2-R172mut

487
179
55

121
94
27

1.00
0.62
0.83
0.55
0.63
0.39

-
0.49-0.77
0.58-1.18
0.43-0.72
0.47-0.84
0.23-0.66

-
<0.001
0.292

<0.001
0.002

<0.001

IDHwtNPM1mut/FLT3-ITDneg

IDHmut/NPM1mut/FLT3-ITDneg
27
47

1.00
0.82

-
0.44-0.1.56

-
0.548

IDHwt/TP53mut

IDHmut/TP53mut
167
20

1.00
0.58

-
0.34-0.99

-
0.046

IDHwt/myelodysplasia-related gene mutationsmut

IDHmut/myelodysplasia-related gene mutationswt
267
116

1.00
0.70

-
0.53-0.91

-
0.009

†Patients with an IDH mutation in the active domain of both IDH1 and IDH2 were excluded from IDH1 and IDH2 sub-analyses and 
only considered as having IDHmut. HR: hazard ratio; 95% CI: 95% confidence interval; mut: mutated; wt: wild-type.
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and patients are often ineligible for intensive therapy due 
to poor performance status or co-morbidities. Instead, 
most older patients are offered epigenetic/lower-intensity 
treatments, making evaluation of the prognostic impact of 
IDH mutations in this group relevant. 
For patients with untreated newly diagnosed IDH-mutated 
AML who are ineligible for intensive chemotherapy, the phase 
III randomized VIALE-A clinical trial performed a subgroup 
analysis showing superior OS with azacitidine+venetoclax 
versus azacitidine alone with a median OS of 19.9 months 
versus 6.2 months (P<0.001), and 35% of the responders 
who survived ≥2 years had an IDH mutation.23,32 The phase 
III AGILE clinical trial evaluated ivosidenib in combination 
with azacitidine in a relatively similar cohort of patients with 
IDH1-mutated newly diagnosed AML who were ineligible for 
intensive chemotherapy, showing significant clinical benefit 
of the addition of ivosidenib as compared with azacitidine 
alone.33 After a median follow-up of 15.1 months, the me-
dian OS was 24.0 months compared to 7.9 months. Both 
trials showed most benefit for patients 75 years and older. 
The phase II/Ib Beat AML substudy applied a risk-adapted 
approach to assess the efficacy of enasidenib monotherapy 
for patients 60 years of age or older with newly diagnosed 
AML in whom genomic profiling demonstrated that mutant 
IDH2 was the dominant leukemia clone.34 The study showed 
an overall response rate of 46%, demonstrating the efficacy 
of enasidenib monotherapy in upfront treatment of IDH2mut 
AML. For patients with relapsed/refractory IDH1mut AML, olu-
tasidenib has shown efficacy in combination with azacitidine 
with overall response rates exceeding 50%,35,36 and enasidenib 
showed meaningful improved event-free survival and overall 
response rates as compared to conventional care regimens 
in relapsed/refractory IDH2mut AML, but did not improve OS 
with a median OS of 6.5 versus 6.2 months (P=0.23).37 
In addition to the observation that an IDH2 mutation was 
a favorable prognostic indicator in patients treated with 
HMA-based therapy overall, IDH2mut remained prognostic 
in normal karyotype AML, and IDHmut did not abrogate the 
favorable prognostic impact of patients with NPM1-mutant 
FLT3-ITD wild-type AML. Among patients with TP53-mutant 
AML and AML with myelodysplasia-related gene mutations, 
which are both associated with extremely poor outcomes, 
IDHmut was associated with prolonged OS, particularly in 
subsets of patients receiving an IDH inhibitor. It is unclear 
why, in our cohort, IDH2mut AML did not show favorable sur-
vival in patients treated with venetoclax, as IDH mutations 
generally show high sensitivity to venetoclax therapy.38 We 
did not find a high frequency of co-occurring mutations in 
TP53 or kinase pathway genes, which have been linked to 
inferior responses to venetoclax. 
The discovery of targetable mutations has expanded the 
therapeutic landscape of AML, particularly of IDHmut AML. 
While IDH inhibitors can lead to differentiation syndrome, 
they generally have a favorable side-effect profile, making 
them an attractive option for older patients either alone or 

in combination with HMA-based therapy. Combinations of 
HMA and IDH inhibitors have shown encouraging results in 
frontline older AML patients with the combination an HMA 
and venetoclax being particularly effective in IDHmut AML, and 
ivosidenib may be preferred over venetoclax in IDH1mut AML.
The major limitations of our study are its retrospective 
design, the relatively small number of patients treated with 
HMA with venetoclax as a significant proportion of the pa-
tients were consented prior to the approval of venetoclax 
in November 2018, and a potential selection bias as Beat 
AML study had separate IDHmut study arms. 
In summary, our study demonstrates that IDH2 mutations 
have a favorable prognosis in patients with newly diagnosed 
AML who are 60 years or older and are treated with HMA-
based therapy. The data support studies investigating the 
addition of targeted therapies to lower-intensity therapy 
regimens for older patients with IDH-mutated AML.
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