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Prognostic value of IDH2R140 and IDH2R172 ok

mutations in patients with acute myeloid
leukemia: a systematic review and meta-analysis
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Abstract

Background Whether isocitrate dehydrogenase 2 (IDH2) R140 and R172 gene mutations affect the prognosis of
patients with acute myeloid leukemia (AML) is controversial. Here, we performed a meta-analysis to assess their prog-
nostic value.

Methods Eligible studies were systematically searched from PubMed, Embase, the Cochrane Library and Chinese
databases up to June 1, 2022. We extracted the hazard ratios (HRs) and their 95% confidence intervals (Cls) of overall
survival (OS) and progression-free survival (PFS) to carry out a meta-analysis by a fixed effect model or random effect
model according to the heterogeneity between studies.

Results A total of 12725 AML patients from 11 studies were included in this meta-analysis, of which 1111 (8.7%)
and 305 (2.4%) had IDH2R140 and IDH2R172 mutations, respectively. The results revealed that both IDH2R140 and
IDH2R172 mutations had no significant effect on OS (IDH2R140: HR=0.92, 95% Cl: 0.77-1.10, P=0.365; IDH2R172:
HR=0.91, 95% Cl: 0.65-1.28, P=0.590) or PFS (IDH2R140: HR=1.02, 95% Cl: 0.75-1.40, P=0.881; IDH2R172: HR=1.31,
95% Cl:0.78-2.22, P=0.306) in AML patients. Subgroup analysis of AML patients with IDH2R140 mutation revealed
that studies from the USA (HR=0.60, 95% Cl: 0.41-0.89, P=0.010) and <50 years old (HR=0.63, 95% Cl: 0.50-0.80,
P=0.000) had longer OS. However, studies from Sweden (HR=1.94, 95% Cl: 1.07-3.53, P=0.030) had shorter OS.
Meanwhile, subgroup analysis of AML patients with IDH2R172 mutation showed that studies from Germany/Austria
(HR=0.76,95% Cl: 0.61-0.94, P=0.012) and from Sweden (HR=0.22, 95% Cl: 0.07-0.74, P=0.014) had longer OS,
whereas studies from the UK (HR=1.49, 95% Cl: 1.13-1.96, P=0.005) and studies with nonmultivariate analysis of
data type (HR=1.35,95% Cl: 1.06-1.73, P=0.014) had shorter OS. In addition, our study also found that patients with
IDH2R140 mutation had significantly longer OS (HR=0.61, 95% Cl: 0.39-0.96, P=0.032) and PFS (HR=0.31, 95% Cl:
0.18-0.52, P=0.021) than patients with IDH2R172 mutation, despite some degree of heterogeneity.

Conclusions This meta-analysis demonstrates that IDH2R140 mutation improves OS in younger AML patients and
that the prognostic value of IDH2R172 mutation is significantly heterogeneous. Differences in region and data type
have a significant impact on the prognosis of AML patients with IDH2R140 and/or IDH2R172 mutations. Addition-
ally, AML patients with IDH2R140 mutation have a better prognosis than those with IDH2R172 mutations, albeit with
some degree of heterogeneity.
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Background

Acute myeloid leukemia (AML) is a hematologic malig-
nancy with highly significant heterogeneity [1]. Accord-
ing to cytogenetic abnormalities of the European
LeukemiaNet 2017, the prognosis of AML can be divided
into three risk stratifications: favorable, intermediate, and
adverse risk groups [2]. Although it is possible to predict
the clinical outcome of most AM patients with favorable
or adverse karyotypes [3], patients with intermediate risk
karyotypes (IR-AML) require additional molecular mark-
ers to determine their prognosis and guide personalized
therapy. Fortunately, several novel mutations with prog-
nostic implications have been identified in AML over the
past few decades. These include internal tandem dupli-
cations (ITDs) in the fms-like tyrosine kinase 3 (FLT3)
gene, which result in a poor prognosis, and mutations in
the nucleophosmin 1 (NPM1) gene, which have a good
prognosis in the absence of FLT3-ITDs [4-7]. Next-gen-
eration sequencing (NGS) technology offers new oppor-
tunities to discover additional mutational profiles in the
AML genome, such as the genes encoding DNA meth-
yltransferase 3A (DNMT3A), isocitrate dehydrogenase
1 and 2 (IDH1/2), and Tet oncogene family member 2
(TET2) [8], which are key to DNA methylation modifi-
cation and are involved in the pathogenesis of leukemia
[9, 10]. In summary, mutation analysis can help improve
risk stratification and provide a better basis for treatment
decisions.

Mutations in the IDH 1 and 2 genes have been identi-
fied in AML [11]. IDH2 mutations are present in approxi-
mately 10% of adult AML cases and occur at either
residue R140 or R172 [12-14]. The IDH family consists of
three isoforms, IDH1, IDH2 and IDH3, of which IDH1 is
located in the cytosol, while IDH2 and IDH3 are located
in the mitochondria and are normally involved in citrate
metabolism in the tricarboxylic acid cycle [15]. Under
normal conditions, IDH enzymes catalyze the conver-
sion of isocitrate to o-ketoglutarate (aKG). The pres-
ence of IDH mutant enzymes results in the abnormal
production of 2 hydroxyglutarate (2HG), a structural
analog and competitive inhibitor of aKG. The produc-
tion of 2HG is a common neomorphological activity of
all IDH1 and 2 mutations, resulting in the block of aKG-
dependent enzymes such as TET1 and 2 or histone
demethylases causing aberrant DNA and histone meth-
ylation, altered gene expression profiles and successively
impaired stem cell differentiation [9, 16, 17]. Consistent
with a common pathogenic background, IDH1 and IDH2

mutation-positive AML cases share several clinical fea-
tures, including older age at onset, higher platelet counts,
and an association with intermediate cytogenetic risk
[11, 14, 18-28].

Recently, several reviews have reported a poor prog-
nosis for IDH1 mutations and a favorable prognosis
for IDH2 mutations [29, 30]. However, the prognostic
impact of IDH2R140 and IDH2R172 mutations in AML
patients remains controversial and needs further evalu-
ation. For example, IDH2R140 mutation has been shown
to benefit the prognosis of AML patients in some studies
[14, 31], whereas IDH2R140 mutation can shorten OS in
AML patients in other studies [32, 33]. In addition, some
studies cannot clarify the prognostic value of IDH2R140
mutation in AML [13, 34-39]. Similarly, IDH2R172
mutation favors the prognosis of AML patients in some
studies [32, 33, 37]; however, in other studies, IDH2R172
mutation is detrimental to the prognosis of AML patients
[38]. At the same time, some studies cannot clarify the
prognostic value of IDH2R172 mutation in AML [13,
14, 31, 35, 36, 39]. Recently, IDH inhibitors have been
identified as targeted therapies, and ivosidenib (IDH1
inhibitor) [40] and enasidenib (IDH2 inhibitor) [41]
have shown promising results in patients with relapsed
or refractory AML. They are being further investigated
as monotherapies and in combination with multiple
other established AML therapies. However, because the
prognosis of IDH2 gene mutation subtypes in AML is
controversial, it is imperative to clearly understand the
prognostic value of each of these mutations, which will
facilitate more accurate and personalized treatment.
Therefore, we performed a meta-analysis on data from
relevant published studies to further explore the compre-
hensive prognostic value of IDH2R140 and IDH2R172
mutations in AML patients.

Methods

Literature search

Two independent authors performed a comprehensive
literature search of PubMed, Embase, and Cochrane as
well as Chinese databases, including WanFang Database
and China National Knowledge Internet (CNKI) data-
bases, up to June 1, 2022. The terms included "AML’,
"acute myeloid leukemia", "IDH", "IDH2", "isocitrate
dehydrogenase”, and "isocitrate dehydrogenase 2". In
addition, manual searches of the reference list were
also performed. The review protocol has been reg-
istered in the PROSPERO International Prospective
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Register of Systematic Reviews (registration number:
CRD42022344529).

Selection of studies

Studies were included in the meta-analysis if they met the
following criteria: (1) the study focused on the prognos-
tic effect of IDH2R140 or IDH2R172 mutation in AML
patients; (2) the study provided sufficient survival data, at
least on overall survival (OS); (3) the hazard ratio (HR)
and its 95% confidence interval (95% CI) were directly
reported or could be calculated from original data; (4)
the study included human subjects; and (5) the article
was not a review, case report, or animal study. If the same
or overlapping data were presented in multiple studies,
only the most recent or the highest-quality study was
included. The literature search and screening were con-
ducted independently by 2 investigators. In case of disa-
greement, the opinions of the third investigator sought,
and the best plan was determined after discussion.

Data extraction

Two authors independently extracted the relevant data
from the included articles. The following data were
extracted from the articles: the first authors’ name, year
of publication, study region, number of patients, median
age and sex distribution of patients, incidence of differ-
ent IDH gene mutations, mutation detection methods,
cytogenetics, gene mutations, therapeutic regimens,
data types and NOS scores. We selected OS as the pri-
mary endpoint and progression-free survival (PFS) as
the secondary endpoint. OS was defined as the time
between the first diagnosis and death or last follow-up
for patients who were alive. PFS was defined as the time
interval between the first diagnosis and relapse, progres-
sion, death, or last follow-up for patients alive in com-
plete remission. If the article reports multiple HRs of
univariate analysis and multivariate analysis, the result of
multivariate analysis is given priority because they may
be more accurate. When HR was not reported, we tried
to contact the author to obtain it or used the method
reported before to calculate it (extracting HR from the
survival curve) [42].

Quality assessment

The methodological quality of each included study was
independently evaluated by two reviewers. We assessed
the quality of cohort studies by applying the Newcas-
tle—-Ottawa Scale (NOS) [43]. The NOS sums up to nine
points, including selection (four points), comparability
(two points), and exposure or outcome (three points).
Studies that scored six or more points were regarded as
high quality and eligible for our study. Divergences were
resolved by discussion.
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Statistical analysis

All analyses were performed using STATA 15.0 (Stata
Corporation, College Station, TX, USA). A bilateral P
value of<0.05 was defined as statistically significant.
For OS and PFS, HRs and corresponding 95% Cls were
used to assess the prognostic effect of IDH2R140 and
IDH2R172 mutations in AML patients. In addition, com-
pared to IDH2 wild-type AML patients, patients with
IDH2 mutations had an HR > 1, suggesting a poorer prog-
nosis. The Q test (P<0.10 was considered significant het-
erogeneity) and I? statistic (I*=0-25%: low heterogeneity;
[*=25-50%: moderate heterogeneity; I*=50-100%: high
heterogeneity) were used to test the heterogeneity of the
included studies. When P>0.1 or I*<50%, the heteroge-
neity of the study was considered to be not statistically
significant, and a fixed-effects model was used for anal-
ysis; otherwise, the heterogeneity of the study was con-
sidered to be statistically significant, and the random
effect model was used. We also analyzed the source of
heterogeneity by subgroup analysis. Sensitivity analysis
was used to investigate the influence of each study on the
pooled HR, and Begg’s and Egger’s tests were conducted
to detect the potential publication biases of the included
studies.

Results

Study selection

The literature screening process is shown in Fig. 1. Ini-
tially, 1283 articles were selected from four databases,
and after removing duplicate articles, a total of 156 stud-
ies were obtained through a review of titles and abstracts
based on inclusion and exclusion criteria. Next, 28
reviews and 42 meeting abstracts were removed; 39 stud-
ies were excluded because they were not relevant to the
subject; and 36 studies were eliminated because of insuf-
ficient data. Finally, 11 studies that met the criteria were
included in this meta-analysis [13, 14, 31-39] (Fig. 1).

Characteristics of the included studies

Eleven studies including 12,725 AML patients were
included in the meta-analysis, of which 1,416 (11.1%)
patients had IDH2 mutations, while IDH2R140 and
IDH2R172 mutations were found in 1,111 (8.7%) and
305 (2.4%) AML patients, respectively. The sample
size ranged from 189 to 4930, and the frequencies of
IDH2R140 and IDH2R172 mutations varied between
5.3 and 11.9% and between 0.7 and 5.1%, respec-
tively. Four studies originated from Germany (one
from Germany-Austria), two from the UK, two from
the USA, one from China, one from Sweden, and one
from Hungary. Seven studies had a median age greater
than 50 years old, two studies were less than or equal
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Records identified through
database searching (PubMed,
Embase, Cochrane Library, and
Chinese databases including
‘WanFang and CNKI)
(n=1283)

Additional records identified
through other sources
@=0)

Records after duplication
removed (n = 769)

Records excluded by title and

abstracts (n = 613)

eligibility (n = 156)

Full- text articles assessed for

Full- text articles excluded (n = 145):
Reviews (n = 28)

Meeting abstract (n = 42)
Not relevant articles (n = 39)
Insufficient data (n = 36)

analysis (n = 11)

Studies included in the meta-

Fig. 1 Flow diagram of study selection

to 50 years old, and the remaining two studies were
unknown. Seven studies mainly used direct sequencing
as the mutation detection method, and the other four
studies used NGS. Patients in 6 eligible studies were
classified by cytogenetics, while the other 5 studies
were not. The cytogenetics of IDH2R140 were mainly
favorable and intermediate risk, while IDH2R172 was
predominantly intermediate risk. Nine studies ana-
lyzed combined mutations in patients with IDH2R140
and IDH2R172, while the remaining studies did not.
The rate of combined NPM1 mutations was signifi-
cantly higher in patients with IDH2R140 mutation
than in those with IDH2R172 mutation. Moreover,
most included studies showed that AML patients with
IDH2R140 mutation had a higher FLT3-ITD mutation
rate than those with IDH2R172 mutation. Furthermore,
five studies showed the rate of allogeneic hematopoi-
etic stem cell transplantation (allo-HSCT), while the
other six studies did not. Among them, the allo-HSCT
rates fluctuated between 12%-100% and 19.1%-100%
in patients with IDH2R140 and IDH2R172 mutations,
respectively. In addition, among the included studies,
four and five studies obtained outcome indicators using
multivariate analysis in IDH2R140 and IDH2R172,
respectively. Notably, the results of the NOS scores
of all included studies illustrated that all studies were
of high quality (scores of 8-9). The characteristics are
listed in Table 1.

Prognostic impact of IDH2R140 mutation in patients

with AML

There were 11 studies involving OS of IDH2R140 muta-
tion in AML patients, including 12725 patients. As
shown in Fig. 2a, the pooled HR for OS was 0.92 (95%
CI: 0.77-1.10, P=65.5%, P=0.365) in AML patients with
IDH2R140 mutation compared to those with IDH2R140
wild-type. The results indicated that the prognostic sig-
nificance of IDH2R140 mutation in AML patients was
unclear. The HRs of PFS were extracted from 3 eligi-
ble studies of IDH2R140 mutation in AML patients.
The combined HR for PFS was 1.02 (95% CI: 0.75-—
1.40, P=0.0%, P=0.881) in IDH2R140-mutated AML
patients compared with IDH2R140 wild-type patients
(Fig. 2b). This finding also suggested that the effect of
the IDH2R140 mutation on PFS in AML patients was
unclear.

Prognostic impact of IDH2R172 mutation in patients

with AML

There were 10 studies involving OS of IDH2R172 muta-
tion in AML patients, including 12444 patients. As
shown in Fig. 3a, the pooled HR for OS was 0.91 (95%
CL 0.65-1.28, P=69.1%, P=0.590) in AML patients
with IDH2R172 mutation compared to those with
IDH2R172 wild-type. The prognostic significance of
IDH2R172 mutation in AML patients was unclear. The
HRs of PFS were also extracted from 3 eligible studies of
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Fig. 2 Forest plot of the pooled HRs and 95% Cls assessing the prognostic value of IDH2R140 mutation in patients with AML. a For OS by a

random-effects model. b For PFS by a fixed-effects model

IDH2R172 mutation in AML patients. The combined HR
of PFS was 1.31 (95% CI: 0.78-2.22, >=0.0%, P=0.306)
in IDH2R172-mutated AML patients compared with
IDH2R172 wild-type patients (Fig. 3b). It also indicated
that the effect of the IDH2R172 mutation on PFS in AML
patients was unclear.

Prognostic impact of IDH2R140 mutation vs IDH2R172
mutation in patients with AML

There were 8 studies involving OS of IDH2R140 muta-
tion vs IDH2R172 mutation in AML patients, including

10,715 patients. As shown in Fig. 4a, the pooled HR of
OS was 0.61 (95% CIL: 0.39-0.96, 1>2=72.1%, P=0.032)
in AML patients with IDH2R140 mutation compared
to those with IDH2R172 mutation. This suggested that
patients with IDH2R140-mutated AML had a longer
OS than those with IDH2R172-mutated AML, albeit
with a high degree of heterogeneity. After removing the
study of Wu et al. 2021 [36] with marked heterogene-
ity, the pooled HR of OS was 0.85 (95% CI: 0.69-1.04,
[=48.1%, P=0.112) in AML patients with IDH2R140
mutation compared to those with IDH2R172 mutation
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Fig. 3 Forest plot of the pooled HRs and 95% Cls assessing the prognostic value of IDH2R172 mutation in patients with AML. a For OS by a

random-effects model. b For PFS by a fixed-effects model

(Fig. 4b). This showed that after removing studies with
significant heterogeneity, although patients with AML
with IDH2R140 mutation had longer OS than those with
IDH2R172 mutation, there was no statistically significant
difference. Additionally, HRs of PFS were also extracted
from 3 eligible studies in IDH2R140 mutation vs
IDH2R172 mutation of AML patients. The combined HR

of PFS was 0.31 (95% CI: 0.18—0.52, I>=41.3%, P=0.021)
in IDH2R140-mutated AML patients compared with
IDH2R172-mutated patients (Fig. 4c). This also indicated
that IDH2R142-mutated AML patients had a longer PFS
than IDH2R172-mutated AML patients, accompanied by
a moderate degree of heterogeneity.
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Subgroup analysis and heterogeneity exploration

The results of the meta-analysis of the effect of IDH2R140
and IDH2R172 mutations on OS in AML patients
showed that 11 studies and 10 studies had significant
heterogeneity (P=65.5% and 69.1%, respectively). We
conducted subgroup analysis in terms of region, median
age, mutation detection methods, cytogenetics, com-
bined other gene mutations, the rate of allo-HSCT, and
data types to check the heterogeneity and to determine
whether the above factors will change the relationship
between IDH2R140 and IDH2R172 mutations and OS
(Table 2).

According to the region of the studies, we found a sig-
nificant association between IDH2R140 mutation and
OS in the USA (HR=0.60, 95% CI: 0.41-0.89, I*=0.0%,
P=0.010) and Sweden (HR=1.94, 95% CI: 1.07-3.53,
P=0.030) but not in Germany/Austria (HR=1.05, 95%
CIL: 0.85-1.30, ’=65.5%, P=0.630), the UK (HR=0.76,
95% CI: 0.56-1.03, F=629%, P=0.079), China
(HR=0.92, 95% CI: 0.57-1.48, P=0.719), or Hungary
(HR=0.60, 95% CI: 0.21-1.77, P=0.357). We observed a
significantly longer OS in AML patients with IDH2R140
mutation than in those with IDH2R140 wild-type in the
subgroup of median age <50 years old (HR=0.63, 95%
CI: 0.50-0.80, =0.0%, P=0.000). Other subgroup anal-
yses did not find a significant association of IDH2R140
mutation with OS in AML patients.

Regarding the association between IDH2R172 muta-
tion and OS, according to the region of the included
studies, we found a significant association in Germany/
Austria (HR=0.76, 95% CIL: 0.61-0.94, F=45.0%,
P=0.012), the UK (HR=149, 95% CIL 1.13-1.96,
P=0.005), and Sweden (HR=0.22, 95% CI: 0.07-0.74,
P=62.9%, P=0.014) but not in China (HR=1.62, 95%
CI: 0.64-4.07, P=0.306), Hungary (HR=0.31, 95% CIL:
0.05-1.85, P=0.179), or the USA (HR=0.74, 95% CL:
0.36-1.55, P=0.305). Additionally, we observed a sig-
nificantly shorter OS in AML patients with IDH2R172
mutation than in those with IDH2R172 wild-type in the
subgroup of other data types (HR=1.35, 95% CI: 1.06—
1.73, P=34.7%, P=0.014). Surprisingly, in the multi-
variate analysis subgroup, AML patients with IDH2R172
mutation had a longer OS than patients with IDH2R172
wild-type (HR=0.69, 95% CL 0.46-1.72, F=50.2%,
P=0.078), although the difference was not statistically
significant. Likewise, other subgroup analyses did not
find a significant association of IDH2R172 mutation with
OS in AML patients.

Sensitivity analysis and publication bias

We conducted sensitivity analyses of 11 and 10 stud-
ies describing the relationship between IDH2R140 and
IDH2R172 mutations and OS to validate the stability of
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the meta-analysis, respectively. As shown in Fig. 5a and
b, sensitivity analyses showed that no individual study
had a predominant effect on the pooled HR, indicat-
ing that the results were stable and reliable. In addition,
Begg’s and Egger’s tests were used to detect publication
biases, which indicated that there was no significant bias
between studies of IDH2R140 mutation (P=1.000 of
Begg’s test and P=0.991 of Egger’s test) and of IDH2R172
mutation (P=0.283 of Begg’s test and P=0.625 of Egger’s
test).

Discussion
With further development of sequencing technology,
prognostic stratification of AML disease with high heter-
ogeneity has become more precise. Here, we performed
a meta-analysis of the prognostic impact of IDH2 gene
mutation subtypes R140 and R172 on AML patients.
This meta-analysis included 12725 AML patients from
eleven different centers, of whom 1416 (11.1%) had
IDH2 mutations, while 1111 (8.7%) and 305 (2.4%) had
IDH2R140 and IDH2R172 mutations, respectively. Our
results showed that, except for certain subgroup analyses,
IDH2R140 and IDH2R172 mutations had no significant
effect on OS and PFS in AML patients. AML patients
with IDH2R140 mutation have a better prognosis than
those with IDH2R172 mutation, albeit with some degree
of heterogeneity. The study is the most recent and has the
largest sample size in the included literature to date on
the impact of IDH2 gene mutation subtypes on the prog-
nosis of AML patients. The study truly reflects the real-
world situation, and the findings are highly informative.
Interestingly, we found that geography and age signifi-
cantly influenced the prognosis of AML patients in the
IDH2R140 gene mutation subgroup analysis. That is,
IDH2R140 mutation improved OS in USA AML patients
(USA, HR: 0.60, P=0.010) and younger patients (median
age <50 years, HR: 0.63, P=0.000). However, it shortened
OS in AML patients from Sweden (Sweden, HR: 1.94,
P=0.030). Similarly, we found that region and data type
significantly influenced the prognosis of AML patients in
the IDH2R172 gene mutation subgroup analysis. Namely,
IDH2R172 mutation improved OS in AML patients from
Germany/Austria (Germany/Austria, HR: 0.76, P=0.012)
and Sweden (Sweden, HR: 0.22, P=0.014). However, it
shortened OS in AML patients from the UK and AML
patients with nonmultifactorial analysis data (others, HR:
1.35, P=0.014). Therefore, our findings are partially sim-
ilar to the results of the meta-analysis of Xu et al. 2017
[30], which showed that IDH2R140 mutation improves
OS in younger AML patients, with significant heteroge-
neity in the prognostic value of IDH2R172. At the same
time, we have some new findings that among patients
with IDH2R140 and IDH2R172 mutations, regional



Qin et al. BMC Cancer

(2023) 23:527 Page 10 of 14
%
0s HR (95% Cl) Weight
Bill 2022 c* 0.58 (0.18, 1.92) 8.62
Linch 2021 —’:'— 0.59 (0.36, 0.98) 16.68
Middeke 2021 i —1 1.11 (0.83, 1.49) 19.26
Wu 2021 —_— E 0.23 (0.12, 0.45) 14.49
Meggendorfer 2018 ;—-0— 1.11 (0.61, 2.01) 15.37
Koszarska 2013 *> i 0.36 (0.083, 4.78) 2.77
JP. Patel 2012 f: 0.59 (0.14, 2.44) 6.79
Green 2011 —*—;— 0.47 (0.27, 0.81) 16.01
Overall, DL (I? = 72.1%, p = 0.001) <> 0.61 (0.39, 0.96) 100.00
T T
25 1 2
NOTE: Weights are from random-effects model
%
0s HR (95% Cl) Weight
Bill 2022 * : 0.58 (0.18, 1.92) 3.08
Linch 2021 —0—: 0.59 (0.36, 0.98) 17.22
Middeke 2021 :_'0—' 1.11 (0.83, 1.49) 50.45
Meggendorfer 2018 —E—-’— 1.11 (0.61, 2.01) 12.15
Koszarska 2013 *> ; 0.36 (0.03, 4.78) 0.67
JP. Patel 2012 - 0.59 (0.14, 2.44) 2.11
Green 2011 —+—§ 0.47 (0.27, 0.81) 14.31
Overall, IV (I? = 48.1%, p = 0.072) @» 0.85 (0.69, 1.04) 100.00
T T
25, 1 2
%
PFS HR (95% Cl) Weight
Bill 2022 —ir—+ 0.78 (0.25, 2.49) 20.53
Wu 2021 —0§— 0.25 (0.14, 0.46) 76.65
Koszarska 2013 g : 0.11 (0.02, 9.94) 2.81
Overall, IV (12 = 41.3%, p = 0.182) <> 0.31(0.18, 0.52) 100.00
T
.5 1

2

Fig. 4 Forest plot of the pooled HRs and 95% Cls assessing the prognostic value of IDH2R140 mutation vs IDH2R172 mutation in patients with AML.
a For OS by a random-effects model. b For OS by a fixed-effects model, after removing the study of Wu et al. 2021. ¢ For PFS by a fixed-effects model
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Table 2 Subgroup analyses of OS on IDH2R140 mutation and the IDH2R172 mutation

Comparison variables  IDH2R140 mutation IDH2R172 mutation
No. of studies Pooled HR (95%CI) P 12(%), P, No. of studies Pooled HR (95%CI) P 12(%), P,

Total 11 0.92 (0.77-1.10) 0365 65.6,0001 10 0.91 (0.65-1.28) 0590  69.1,0.001
Region

Germany /Austria 4 1.05 (0.85-1.30) 0630 650,003 4 0.76 (0.61-0.94) 0012 450,0.142

UK 2 0.76 (0.56-1.03) 0079 6290101 2 149 (1.13-1.96) 0.005 0.0,0.667

China 1 0.92 (0.57-1.48) 0719 / 1 1.62 (0.64-4.07) 0306 /

Swedish 1 1.94 (1.07-3.53) 0030 / 1 0.22 (0.07.74) 0014 /

Hungary 1 0.60 (0.21-1.77) 0357 / 1 0.31 (0.05-1.85) 0179 /

USA 2 0.60 (0.41-0.89) 0010 0.0,0.839 1 0.74 (0.36-1.55) 0305 /
Median age

<50 2 0.63 (0.50-0.80) 0000 00,0694 2 1.10 (0.60-2.02) 0.757  56.2,0.131

>50 7 1.02 (0.81-.123) 0.839 64.6,0010 6 0.76 (0.43-1.34) 0.338 77.6,0.000

Unknown 2 1.00(0.82-1.23) 0990 0.0,0.701 2 0.92 (0.59-1.43) 0713 46.1,0.173
Mutation detection methods

Direct sequencing 7 0.87 (0.69-1.11) 0260 64.2,0010 7 0.93 (0.60-1.43) 0.745  75.8,0.000

NGS 4 1.07 (0.93-1.24) 0342 442,0146 3 0.82 (0.54-1.23) 0342 68.7,0.012
Therapy

Allo-HSCT 5 0.93 (0.73-1.19) 0581 762,0002 5 1.09(0.69-1.72) 0.781  789,0.001

Unknown 6 0.90 (0.65-1.23) 0502 583,0035 5 0.82 (0.44-1.50) 0514  68.7,0.012
Data type

Multivariate 4 1.01 (0.80-1.28) 0915 59.1,0062 5 0.69 (0.46-1.04) 0078 50.2,0.090

Others ® 0.84 (0.63-1.12) 0233 71.8,0002 5 1.35(1.06-1.73) 0014  347,0.190

Py, P value for heterogeneity, F Fixed-effects model, R Random-effects model, NGS next-generation sequencing

? Data extracted from calculated from numeric reports, univariate analyses, or Kaplan-Meier survival curves

differences also have a significant impact on prognosis.
Moreover, differences in data types also have a signifi-
cant impact on the prognosis of patients with IDH2R172
mutation. These results are the results we found first.

Additionally, our study found that IDH2R140-mutated
AML patients had significantly longer OS (HR=0.61,
95% CI: 0.39-0.96, 1°=72.1%, P=0.032) and PFS
(HR=0.31, 95% CI: 0.18-0.52, *=41.3%, P=0.021) than
IDH2R172-mutated patients, albeit with some degree of
heterogeneity. Among them, the study of Wu et al. 2021
is the largest study on OS heterogeneity. After remov-
ing the study of Wu et al. 2021, the pooled HR hetero-
geneity was less than 50%, and the OS (HR=0.85, 95%
CL 0.69-1.04, ’=48.1%, P=0.112) of AML patients
with IDH2R140 mutation was still longer than that of
IDH2R172 mutation patients, but the difference was not
statistically significant. The study by Wu et al. 2021 from
China is characterized by a small number of cases (29
patients with IDH2R140 mutation and 5 patients with
IDH2R172 mutation), and the median age, cytogenetic
classification, proportion of co-mutated genes, and spe-
cific treatment are unknown. This was significantly differ-
ent from the other 7 studies. These differences may be the
source of its heterogeneity.

Furthermore, in terms of clinical characteristics, our
study also found an IDH2 mutation rate of 11.1%, similar
to previous findings [12—14]. The cytogenetics of AML
patients with IDH2R140 mutation was mainly favorable
and intermediate risk, while IDH2R172 mutation was
mainly intermediate risk. Moreover, IDH2R140 muta-
tion was more likely to coexist with NPM1 mutation, and
IDH2R172 mutation was mutually exclusive with NPM1
and rarely accompanied by other gene mutations. These
findings are also consistent with previous studies [14, 30,
31, 33, 35-39]. Disappointingly, in the included studies,
no subgroup analysis was performed on the prognostic
effects of cytogenetic classification, different treatment
regimens, and co-mutation gene status in patients with
IDH2R140- and IDH2R172-mutated AML, so we could
not summarize them.

In our study, the heterogeneity of the OS meta-anal-
ysis was high in AML patients with IDH2R140 and
IDH2R172 mutations. Heterogeneity was examined by
removing one study at a time, and no studies were found
that had a significant effect on prognosis in the meta-
analysis. However, by performing subgroup analysis on
the variables, we found that heterogeneity could be sig-
nificantly reduced by performing subgroup analysis on
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Fig. 5 Sensitivity analysis for OS in patients with AML. a IDH2R140 mutation. b IDH2R172 mutation

region, age, and data type. Therefore, the heterogeneity of
our study can be explained to some extent by geography,
age, and data type.

Despite our efforts to refine this meta-analysis, it still
has its own limitations. First, although the included stud-
ies were searched from mainstream English and Chi-
nese databases, other relevant studies, especially those
published in non-English or non-Chinese languages or

not publicly available, might be overlooked. Publication
bias could not be completely avoided. Second, our analy-
sis was based on observational studies rather than pro-
spective controlled studies or randomized trials, and the
selection criteria were difficult to grasp; the homogeneity
of the studies was difficult to ensure. Therefore, the evi-
dence strength of evidence-based medicine in this paper
is not high. Third, some of the data are calculated from
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univariate analysis or Kaplan—Meier survival curves or
numerical reports, which is crude, and may differ slightly
from the facts. Fourth, the heterogeneity of OS was high
in both whole group and some subgroups, which may
be related to the different clinical characteristics of each
study. Finally, although we extracted as many HRs as
possible from multivariate analyses, there were various
confounding factors (different cytogenetic classes, dif-
ferences in treatment regimens, and differences in co-
mutated gene status), which may also be the source of
heterogeneity.

Conclusion

In conclusion, this meta-analysis reveals that
IDH2R140 mutation improves OS in younger AML
patients and that the prognostic value of IDH2R172
mutations is significantly heterogeneous. Differences
in region and data type have a significant impact on
the prognosis of AML patients with IDH2R140 and/or
IDH2R172 mutations. In addition, AML patients with
IDH2R140 mutation have a better prognosis than those
with IDH2R172 mutation, albeit with some degree of
heterogeneity. However, due to the limitations of the
original study, our conclusions await further validation
in a larger sample size, multicenter, randomized con-
trolled design prospective study.
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