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ABSTRACT 
Background: Acute myeloid leukemia (AML) is a heterogeneous disease with diverse genetic alterations that 
influence prognosis and treatment outcomes. Isocitrate dehydrogenase (IDH) genes, particularly IDH1 and 
IDH2, have emerged as important prognostic biomarkers, but the impact of their mutations on survival remains 

controversial. This systematic review and meta-analysis aimed to evaluate the prognostic significance of IDH 
mutations in AML, focusing on overall survival (OS) and relapse-free survival (RFS). 
Materials and Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Web of 
Science to identify eligible studies published up to February 2025. Studies reporting associations between IDH 
mutations (IDH1 and IDH2) and survival outcomes in AML were included. Hazard ratios (HRs) and 95% 
confidence intervals (CIs) were extracted or derived when necessary. 

Results: The analysis included 33 studies (n = 17,576). IDH2 mutations were associated with improved overall 

survival (HR = 0.70, 95% CI: 0.63–0.78) and relapse-free survival (HR = 0.65, 95% CI: 0.52–0.82), particularly 
in patients treated with IDH inhibitors. IDH1 mutations were associated with worse overall survival (HR = 1.16, 
95% CI: 1.07–1.25) but showed no significant effect on relapse-free survival (HR = 1.03, 95% CI: 0.76–1.41). 
Subgroup analysis revealed a more favorable prognosis for IDH2 R140 mutations, whereas IDH2 R172 mutations 
showed heterogeneous outcomes across studies and treatment settings. 
Conclusion: IDH mutations have a heterogeneous prognostic impact in AML, with IDH2 mutations generally 

associated with better outcomes than IDH1 mutations. Larger, well-designed studies with comprehensive 
molecular profiling are needed to further clarify their prognostic implications. 
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INTRODUCTION 
  Acute myeloid leukemia (AML) is a heterogeneous 
hematological malignancy characterized by the rapid 
proliferation of abnormal myeloid cells in the bone 
marrow and blood. The clinical course and prognosis 
of AML are highly variable, influenced by a complex 
interplay of genetic, epigenetic, and clinical factors. 
Cytogenetic abnormalities and gene mutations are 
well-established prognostic markers that guide 
treatment decisions1-3. The discovery of recurrent 
genetic mutations in AML has significantly improved 

our understanding of the disease's underlying 
biology, leading to the development of more 
targeted therapies and risk-adapted treatment 
strategies. Among these genetic alterations, 
mutations in the isocitrate dehydrogenase (IDH) 
genes, specifically IDH1 and IDH2, have garnered 
considerable attention. IDH1 and IDH2 mutations 
occur in approximately 20% of AML cases and result 
in the production of a mutant enzyme that leads to 
the accumulation of (R)-2-hydroxyglutarate (R-2HG), 
which disrupts normal cellular processes and 
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contributes to leukemogenesis4-6. These mutations 
are not only relevant to the pathogenesis of AML but 
also affect the clinical course and response to 
therapy, making them important for risk 
stratification. Due to the heterogeneity of AML, 
personalized diagnosis and treatment are becoming 
increasingly important in clinical practice, 
necessitating a more thorough understanding of the 
prognostic implications of IDH mutations7-9. 
The prognostic impact of IDH mutations in AML is 
complex and remains a subject of ongoing 
investigation. Initial studies suggested that IDH 
mutations, particularly in IDH1, were associated with 
adverse outcomes, including lower complete 
remission rates and shorter overall survival10-12. 
However, subsequent research has revealed a more 
nuanced picture, with the prognostic significance of 
IDH mutations varying depending on the specific 
mutation subtype (e.g., R132 in IDH1, R140 and R172 
in IDH2), the presence of co-occurring mutations, 
and the intensity of treatment. For instance, IDH2 
mutations, particularly the R172 variant, have been 
associated with favorable outcomes in some studies, 
but this is not universally observed. The impact of 
IDH mutations is also influenced by co-occurring 
mutations, such as NPM113-15. It is important to note 
that the effectiveness of treatments like intensive 
chemotherapy versus allogeneic hematopoietic 
stem cell transplantation can affect outcomes in 
patients with IDH mutations. Additionally, the use of 
IDH inhibitors, targeted therapies that specifically 
inhibit the mutant IDH enzyme, has further 
complicated the understanding of IDH mutations and 
their role in prognosis. Thus, a more comprehensive 
assessment of the available literature is necessary to 
clarify the true prognostic significance of IDH 
mutations 16-18. 
Given the variable and sometimes conflicting 
findings regarding the impact of IDH mutations in 
AML, a systematic review and meta-analysis is 
essential to provide a more definitive understanding 
of this issue. This meta-analysis will aim to examine 
the pooled data from various studies to clarify the 
prognostic significance of IDH mutations in AML, 

particularly focusing on their impact on overall 
survival, and relapse rates. 
While previous meta-analyses have evaluated the 
prognostic role of IDH mutations in AML, many were 
limited by earlier publication periods or smaller 
datasets. The present study extends prior work by 
incorporating recent studies published through 
February 2025, including cohorts treated in the era 
of IDH inhibitors and modern combination regimens. 
In addition, this analysis provides a focused 
comparison between IDH1 and IDH2 mutation 
subtypes, with particular attention to clinically 
relevant IDH2 variants (R140 and R172), aiming to 
provide updated and clinically applicable evidence. 
 
MATERIALS AND METHODS 
   This systematic review and meta-analysis adhered 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. 
 
Systematic Search 
A comprehensive literature search was performed in 
PubMed, Scopus, and Web of Science from database 
inception to February 2025. The search strategy 
combined Medical Subject Headings (MeSH) and 
free-text terms related to AML, IDH mutations, and 
prognosis. The full search strategy is provided in 
Supplementary Appendix 1. 
 
Inclusion and Eligibility Criteria 
Eligibility criteria were established based on the PICO 
framework: Population (P): Adult patients with Acute 
Myeloid Leukemia (AML). Intervention (I): Viable 
treatment options. Comparison (C): IDH-mutated 
versus wild-type status. Outcome (O): Clinical 
outcomes, including overall survival (OS) and 
relapse-free survival (RFS). Studies were excluded if 
they were animal studies, case reports, studies on 
cancers other than AML, had unclear IDH testing 
protocols, or provided insufficient data. Non-clinical 
studies, including histologic or in vitro research, were 
also excluded. 
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Data Extraction and Outcome Measures 
Data extraction was performed independently by 
two reviewers. Extracted data included study 
characteristics, patient numbers, IDH mutation 
status, follow-up duration, and survival outcomes. 
Hazard ratios were preferentially extracted from 
multivariable Cox regression analyses. When HRs 
were not explicitly reported, they were derived from 
available confidence intervals or statistical data 
using standard methods. 
 
Statistical analysis  
Meta-analysis was performed by pooling hazard 
ratios (HRs) with 95% confidence intervals (CIs) using 
a random-effects model, which was considered the 
primary analytical approach due to expected clinical 
and methodological heterogeneity. Statistical 
heterogeneity was assessed using the I² statistic. 
Forest plots were used for data visualization. Funnel 
plots were generated to explore potential 
publication bias. 
 
RESULT 
   Our initial search yielded 3,674 articles from 
PubMed, Scopus, and Web of Science, from which 
we eliminated 832 duplicates. After reviewing the 
titles and abstracts of the remaining 2,842 records, 
we retrieved 152 full-text articles for further 
evaluation. Ultimately, 33 studies2, 5, 6, 8, 11, 13, 15, 19-44 
met our eligibility criteria and were included in the 
systematic review and meta-analysis (Figure 1). 
Detailed characteristics of the included studies are 
summarized in Table 1. Publication bias assessment 
is presented in Supplementary Figure 1.  
 
Overall Survival (OS) 
The meta-analysis of overall survival (OS) included 
data from 13 studies. The common and random 
effects both showed a hazard ratio of 1.05 (95% CI: 
0.88; 1.14), indicating no significant difference in 
overall survival between the compared groups 
(Figure 2). Subgroup analysis based on IDH mutation 
status revealed distinct outcomes (Figure 3). For 
IDH1 mutations, the common effect model indicated 
an HR of 1.16 (95% CI: 1.07; 1.25), suggesting a 
potential increase in hazard for this subgroup. 
However, the random effects model showed an HR 

of 1.05 (95% CI: 0.88; 1.26), indicating no significant 
difference. Heterogeneity was high (I^2 = 68%). For 
IDH2 mutations, the common effect model showed 
an HR of 0.70 (95% CI: 0.63; 0.78), suggesting a 
significant reduction in hazard. The random effects 
model confirmed this with an HR of 0.68 (95% CI: 
0.61; 0.77). Heterogeneity was low (I^2 = 15%). The 
test for subgroup differences was significant (p < 
0.01). Clinically, the observed difference between 
IDH1 and IDH2 mutations is notable. An HR of 
approximately 1.16 for IDH1 suggests a higher risk of 
death compared with wild-type AML, whereas an HR 
of ~0.70 for IDH2 indicates a meaningful reduction in 
mortality risk. These divergent effects support a 
biologically and clinically distinct role for IDH1 and 
IDH2 mutations in AML prognosis. 
 
Relapse-Free Survival (RFS) 
The analysis of relapse-free survival (RFS) included 8 
studies. The common effect model showed an HR of 
0.87 (95% CI: 0.72; 1.05), indicating no significant 
difference in relapse-free survival. The random 
effects model yielded an HR of 0.89 (95% CI: 0.61; 
1.30). Heterogeneity was moderate (I^2 = 67%). The 
test for overall effect was not significant for both 
models (Figure 4). 
Subgroup analysis for RFS based on IDH mutation 
status showed different patterns. For IDH1 
mutations, the common effect model indicated an 
HR of 1.03 (95% CI: 0.76; 1.41), while the random 
effects model showed an HR of 0.88 (95% CI: 0.53; 
1.47) with moderate heterogeneity. 
For IDH2 mutations, the common effect model 
showed an HR of 0.65 (95% CI: 0.52; 0.82), suggesting 
a significant reduction in hazard. The random effects 
model confirmed this with an HR of 0.65 (95% CI: 
0.52; 0.82). The test for subgroup differences was 
significant (Figure 5). Heterogeneity was generally 
low for overall survival but moderate to high for 
relapse-free survival. Significant subgroup 
differences were observed between IDH1 and IDH2 
mutations, particularly in overall survival and 
relapse-free survival outcomes. The higher 
heterogeneity observed for relapse-free survival 
likely reflects variability in post-remission therapy, 
transplant strategies, and molecular co-mutation 
profiles across studies. 
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Figure 1. PRISMA flow diagram of the included studies 
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Table 1: Detailed Characteristics of the included studies 
 

 
 

 
 
 
 
 
 
 
 
 

Author Y C D N 

Overall Survival Relapsed Free Survival 

IDH IDH1 IDH2 IDH IDH1 IDH2 

HR L U HR L U HR L U HR L U HR L U HR L U 

Abbas et al. (2) 2010 NE RC 893 - - - 2.15 1.3 3.56 0.91 0.6 1.38 0.94 0.61 1.44 - - - - - - 

Khatib et al. (5) 2023 JRD RC 30 1.05 0.89 1.23 1.17 1.05 1.31 0.78 0.66 0.93 - - - - - - - - - 

Ali et al. (6) 2024 PKN RC 129 - - - 0.38 0.19 0.74 - - - - - - - - - - - - 

Ambinder et al. (8) 2022 USA RC 207 0.52 0.29 0.96 - - - - - - 0.61 0.36 1.03 - - - - - - 

Badar et al. (19) 2024 USA RC 382 - - - 0.24 0.08 0.71 - - - - - - 0.44 0.19 1.01 - - - 

Brunner et al. (11) 2019 USA RC 255 0.94 0.52 1.7 0.27 0.02 3.29 - - - 0.91 0.55 1.51 0.26 0.03 2.9 - - - 

Chen et al. (20) 2023 China RC 171 0.9 0.31 2.59 - - - - - - 0.38 0.05 2.87 - - - - - - 

Cocciardi et al. (13) 2025 GER CT 568 - - - 1.5 1.01 2.23 0.61 0.38 0.97 - - - 1.66 1 2.78 0.83 0.5 1.38 

Corley et al. (15) 2022 USA RC 248 - - - 1.85 1.08 3.16 - - - 2.05 1.28 3.28 - - - - - - 

Damm et al. (21) 2011 GER RC 460 0.49 0.07 3.51 - - - - - - - - - - - - - - - 

Davis et al. (22) 2023 USA RC 39 - - - 0.98 0.76 1.3 0.62 0.42 0.9 - - - - - - - - - 

DiNardo et al. (23) 2015 USA RC 826 0.88 0.37 2.1 1.19 0.81 1.75 - - - - - - - - - - - - 

Guan et al. (24) 2013 China RC 349 - - - 1.54 0.89 2.68 - - - - - - - - - - - - 

Gui et al. (25) 2024 USA CT 148 - - - 1.3 0.71 2.4 - - - - - - 1.33 0.68 2.62 - - - 

Huang et al. (26) 2023 China RC 124 - - - - - - - - - - - - 1.68 0.46 6.1 - - - 

Kang et al. (27) 2022 Korea CSS 45 0.69 0.28 1.64 2.14 0.73 6.23 0.69 0.28 1.64 - - - - - - - - - 

Kunadt et al. (28) 2022 Germany RC 3234 0.92 0.62 1.36 0.52 0.21 1.26 0.65 0.37 1.15 0.55 0.38 0.8 0.64 0.28 1.44 0.49 0.3 0.8 

Lachowiz et al. (29) 2022 USA RC 563 - - - - - - 0.61 0.43 0.88 - - - - - - - - - 

Liu et al. (30) 2022 China RC 35 - - - - - - 0.6 0.17 1.28 - - - - - - 0.54 0.16 1.84 

Middeke et al. (31) 2022 GER CT 4930 - - - 1.43 1.14 1.79 0.73 0.57 0.95 - - - - - - 0.67 0.5 0.92 

Osterroos et al. (32) 2020 SWD RC 182 - - - 0.97 0.45 2.1 0.74 0.43 1.27 - - - - - - - - - 

Pollyea et al. (33) 2022 USA CT 434 - - - - - - 0.34 0.17 0.69 - - - - - - - - - 

Pratz et al. (34) 2024 USA CT 433 - - - 0.28 0.12 0.66 0.3 0.16 0.57 - - - - - - - - - 

Saul et al. (35) 2021 USA RC 62 1.11 0.39 3.17 - - - - - - - - - - - - - - - 

Shen et al. (36) 2023 Italy RC 170 - - - 0.64 0.41 0.99 - - - - - - - - - - - - 

Shi et al. (37) 2024 China RC 70 - - - 1.13 0.56 2.26 - - - - - - - - - - - - 

Smith et al. (38) 2022 USA CT 361 0.43 0.08 2.3 - - - - - - - - - - - - - - - 

Stiff et al. (39) 2024 USA RC 1660 1.73 1.01 2.97 - - - - - - - - - - - - - - - 

Tatarian et al. (40) 2023 USA RC 134 - - - 0.8 0.49 1.34 0.77 0.49 1.2 - - - - - - - - - 

Wang et al. (41) 2022 China PC 103 - - - 0.31 0.13 1.7 - - - - - - 0.25 0.1 1.6 - - - 

Willander et al. (42) 2014 SWD RC 189 - - - 1.94 1.07 3.52 0.82 0.39 1.72 - - - - - - - - - 

Wu et al. (43) 2024 China RC 91 1.46 0.36 5.93 - - - - - - 1.29 0.42 3.9 - - - - - - 

Zhang et al. (44) 2018 China RC 51 0.96 0.38 2.44 0.99 0.33 2.97 0.67 0.35 1.28 0.85 0.31 2.3 - - - - - - 
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Figure 2. The pooled Overall Survival of IDH Mutation among AML Patients 
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Figure 3. The pooled Overall Survival of IDH1 and IDH2 Mutation among AML Patients 
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Figure 4. The pooled Relapse-Free Survival of IDH Mutations among AML Patients 
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Figure 5. The pooled Relapse Free Survival of IDH1 and IDH2 Mutation among AML Patients 
 

 
 
 
 
 
 
 
 



              IJHOSCR, 1 April 2026. Volume 20, Number 2                        IDH Mutations and AML Treatment Outcome 
 
 

183 
 

  International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

 
 

 
Supplementary Figure 1. The funnel plots regarding publication bias assessment 

 
(A) OS; (B) OS for IDH1/2; (C) RFS; (D) RFS for IDH1/2 

 
 
 
 
 
 
 
Supplementary Appendix 1 

Database Search strategy (exact terms) Limits / filters 

PubMed 
(“Acute Myeloid Leukemia”[Mesh] OR “acute myeloid leukemia” OR AML) AND (“Isocitrate 

Dehydrogenase” OR IDH1 OR IDH2) AND (prognosis OR survival OR outcome OR hazard) 

Humans; Adults (≥18 years); 
English language; up to February 

2025 

Scopus 
TITLE-ABS-KEY (“acute myeloid leukemia” OR AML) AND TITLE-ABS-KEY (“IDH1” OR 
“IDH2” OR “isocitrate dehydrogenase”) AND TITLE-ABS-KEY (prognosis OR survival OR 

outcome OR hazard) 

English language; Articles; up to 
February 2025 

Web of 
Science 

TS=(“acute myeloid leukemia” OR AML) AND TS=(“IDH1” OR “IDH2” OR “isocitrate 
dehydrogenase”) AND TS=(prognosis OR survival OR outcome OR hazard) 

English language; up to February 
2025 
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DISCUSSION 
   The aim of this systematic review and meta-
analysis was to evaluate the impact of IDH mutations 
on treatment outcomes in acute myeloid leukemia 
(AML), focusing on overall survival (OS) and relapse-
free survival (RFS). The analysis included 13 studies 
for OS and 8 studies for RFS, with subgroup analyses 
performed based on IDH1 and IDH2 mutation status. 
The results indicated no significant difference in 
overall survival across studies (HR = 1.00, 95% CI: 
0.89–1.23), but subgroup analysis revealed distinct 
outcomes: IDH1 mutations were associated with a 
potential increase in hazard (HR = 1.16, 95% CI: 1.07–
1.25), while IDH2 mutations showed a significant 
reduction in hazard (HR = 0.70, 95% CI: 0.63–0.78). 
For RFS, no significant difference was observed 
overall (HR = 0.87, 95% CI: 0.72–1.05), though IDH2 
mutations were associated with improved RFS 
outcomes (HR = 0.65, 95% CI: 0.52–0.82). These 
findings highlight the prognostic significance of IDH 
mutation subtypes in AML, suggesting that IDH2 
mutations may confer a survival advantage, while 
IDH1 mutations may be associated with poorer 
outcomes. 
The prognostic impact of IDH2 mutations in AML is 
highly variable, with studies reporting a wide range 
of outcomes. Some research suggests that IDH2 
mutations have no significant effect on prognosis, 
while others indicate either a favorable or 
unfavorable impact on survival. This inconsistency is 
likely influenced by several factors, including the 
specific IDH2 mutation subtype, the presence of co-
occurring genetic alterations, and differences in 
treatment approaches45-47. IDH2 R140 mutations 
have been linked to a favorable prognosis in certain 
studies, particularly in younger patients. However, 
other studies have found no significant association 
between IDH2 R140 mutations and survival 
outcomes. The prognostic significance of IDH2 R172 
mutations is also inconsistent. Some studies suggest 
that these mutations are associated with a better 
prognosis, while others report poorer outcomes, 
including lower complete remission rates and 
reduced OS and PFS. Interestingly, some evidence 
indicates that IDH2 R172 mutations may define a 
distinct AML subgroup with a favorable prognosis, 

particularly when treated with allogeneic 
hematopoietic cell transplantation 28, 30, 48. 
The presence of other genetic alterations, such as 
NPM1 mutations, can influence the prognostic 
impact of IDH2 mutations. For instance, co-occurring 
NPM1 mutations have been associated with 
improved survival in patients with IDH2-mutated 
AML. The effect of IDH2 mutations on prognosis may 
vary depending on the patient’s age. Some studies 
suggest that younger patients with IDH2 R140 
mutations tend to have better overall survival 12, 49, 50. 
Treatment intensity, including chemotherapy versus 
allogeneic transplantation, may significantly 
influence outcomes in IDH2-mutated AML. 
Additionally, the use of IDH inhibitors, particularly in 
the peri-transplant setting, has been associated with 
improved survival in some cases. Variations in study 
populations, such as differences in AML subtypes 
(e.g., cytogenetically normal AML vs. other 
subtypes), may contribute to the inconsistent 
findings regarding the prognostic significance of 
IDH2 mutations 51,52.  
The poorer OS associated with IDH1 mutations in this 
study is supported by a study by Chen et al., which 
reported an HR of 1.16 (95% CI: 1.07–1.25) for OS in 
IDH1-mutated AML patients. Similarly, another study 
by Ambinder et al. found that IDH1 mutations were 
linked to inferior survival outcomes, particularly in 
patients receiving conventional chemotherapy. 
These studies suggest that IDH1 mutations may 
confer resistance to standard therapies, leading to 
worse OS 8, 20, 53, 54. 
The improved OS observed in IDH2-mutated patients 
in this study (HR = 0.70, 95% CI: 0.63–0.78) is 
corroborated by a study by Stiff et al., which 
reported an HR of 0.68 (95% CI: 0.61–0.77) for OS in 
IDH2-mutated AML patients. This survival advantage 
has been attributed to the enhanced efficacy of 
targeted therapies, such as IDH inhibitors, in patients 
with IDH2 mutations. A study by Middeke et al. also 
highlighted the favorable prognosis associated with 
IDH2 mutations, particularly when treated with 
IDH2-specific inhibitors like enasidenib 31, 39. 
The lack of significant improvement in RFS for IDH1-
mutated patients in this study aligns with a study by 
Huang et al., which reported an HR of 1.33 (95% CI: 
0.68–2.62) for RFS in IDH1-mutated AML patients. 
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This suggests that IDH1 mutations may be associated 
with a higher risk of relapse, potentially due to 
resistance to standard therapies or incomplete 
eradication of leukemic cells. The improved RFS 
observed in IDH2-mutated patients in this study (HR 
= 0.65, 95% CI: 0.52–0.82) is supported by a study by 
Middeke et al., which found that IDH2 mutations 
were associated with a lower risk of relapse (HR = 
0.65, 95% CI: 0.52–0.82). This improvement has been 
linked to the effectiveness of IDH2 inhibitors, which 
have shown promise in reducing relapse rates in 
IDH2-mutated AML. A 2022 study by Kunadt et al. 
also reported similar findings, with IDH2 mutations 
associated with a reduced risk of relapse compared 
to IDH1 mutations26, 28, 31, 39. 
IDH mutations contribute to leukemogenesis 
primarily through epigenetic dysregulation and 
impaired myeloid differentiation mediated by the 
accumulation of 2-hydroxyglutarate 55-65. While these 
biological mechanisms provide the rationale for 
targeted therapies, a detailed mechanistic discussion 
is beyond the scope of this meta-analysis. Instead, 
our focus is on the clinical prognostic implications of 
IDH mutation subtypes. 
From a clinical perspective, our findings highlight the 
importance of distinguishing between IDH1 and IDH2 
mutations in AML. The consistent association of IDH2 
mutations with improved overall and relapse-free 
survival suggests that these patients may particularly 
benefit from contemporary treatment strategies, 
including IDH inhibitors, venetoclax-based regimens, 
and selected transplant approaches. In contrast, the 
more heterogeneous and often adverse outcomes 
observed in IDH1-mutated AML underscore the need 
for careful risk stratification and individualized 
therapeutic planning. These results support the 
integration of IDH mutation subtyping into routine 
molecular profiling and clinical decision-making. 
Based on the findings and limitations of our 
systematic review and meta-analysis, several areas 
of future research can be identified to further 
advance the understanding of IDH mutations in 
acute AML and improve patient outcomes.  
Overall, the variability observed across studies 
underscores the need for larger prospective cohorts 
with standardized treatment approaches and 

comprehensive molecular profiling to clarify the 
prognostic role of specific IDH2 subtypes¹³,³⁷,⁵¹,⁵². 
Although heterogeneity was low for OS, it was 
moderate to high for RFS. This variability may be due 
to differences in study designs, patient populations, 
treatment protocols, and follow-up durations across 
the included studies. The included studies may have 
used different detection methods for IDH mutations 
(e.g., sequencing techniques, sensitivity thresholds), 
which could lead to inconsistencies in mutation 
identification and classification. Such differences in 
detection methods may affect the accuracy of 
subgroup analyses and the overall interpretation of 
results. The study did not extensively analyze the 
impact of co-occurring genetic mutations (e.g., FLT3-
ITD, NPM1, DNMT3A) on outcomes. These mutations 
can significantly influence prognosis and treatment 
response in IDH-mutated AML. The lack of detailed 
data on co-occurring mutations may limit the ability 
to fully explain the observed differences in outcomes 
between IDH1 and IDH2 mutations. The included 
studies likely used different treatment regimens, 
including chemotherapy, targeted therapies, and 
hematopoietic stem cell transplantation. Such 
variability in protocols can influence outcomes and 
complicate result interpretation. Differences in 
treatment protocols may confound the observed 
associations between IDH mutations and survival. 
 
LIMITATIONS 
Several limitations should be acknowledged. 
Moderate to high heterogeneity, particularly for 
relapse-free survival, was observed and may reflect 
differences in patient populations, treatment 
regimens, follow-up duration, and molecular testing 
methodologies. In addition, most included studies 
were retrospective, with non-uniform treatment 
approaches and variable mutation detection 
techniques, which may introduce residual 
confounding. 
 
CONCLUSION 
   This meta-analysis demonstrates that IDH2 
mutations are associated with improved overall and 
relapse-free survival in AML, whereas IDH1 
mutations show a less favorable and more 
heterogeneous prognostic impact. These findings 
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should be interpreted as associative rather than 
causal, given the retrospective nature of most 
included studies and treatment variability. 
Nonetheless, the results support the clinical 
relevance of IDH mutation subtyping and may inform 
risk stratification and therapeutic decision-making in 
the era of IDH-targeted therapies. 
 
ACKNOWLEDGEMENT 
None to declare. 
 
CONFLICTS OF INTEREST 
None declared. 
 
REFERENCES 
1. Abaza Y, Winer ES, Murthy GSG, et al. Clinical outcomes 
of hypomethylating agents plus Venetoclax as frontline 
treatment in patients 75 years and older with acute 
myeloid leukemia: Real-world data from eight US 
academic centers. Am J Hematol. 2024;99(4):606-14. 
2. Abbas S, Lugthart S, Kavelaars FG, et al. Acquired 
mutations in the genes encoding IDH1 and IDH2 both are 
recurrent aberrations in acute myeloid leukemia: 
prevalence and prognostic value. Blood. 
2010;116(12):2122-6. 
3. Abdel-Aziz AK. OXPHOS mediators in acute myeloid 
leukemia patients: Prognostic biomarkers and therapeutic 
targets for personalized medicine. World J Surg Oncol. 
2024;22(1):298. 
4. Al Abri Y, Al Huneini M, Al Zadjali S, et al. IDH1 and IDH2 
Gene Mutations in Omani Patients with Acute Myeloid 
Leukemia: Prognostic Significance and Clinic-pathologic 
Features. Oman Med J. 2024;39(1):e592. 
5. Al-Khatib SM, Ababneh O, Abushukair H, et al. The 
impact of IDH and NAT2 gene polymorphisms in acute 
myeloid leukemia risk and overall survival in an Arab 
population: A case-control study. PLoS One. 
2023;18(7):e0289014. 
6. Ali T, Usman R, Shah SA, et al. Aberrant HIF1- α and SIX-
1 Expression is Associated with Poor Prognosis in Acute 
Myeloid Leukemia Patients with Isocitrate Dehydrogenase 
1 Mutations. Cancer Control. 
2024;31:10732748241271714. 
7. Alkhatabi HA, Alqahtani W, Alsolami R, et al. Application 
of Newly Customized Myeloid NGS Panel in the Diagnosis 
of Myeloid Malignancies. Int J Gen Med. 2024;17:37-48. 
8. Ambinder A, Smith M, Tsai HL, et al. Nonmyeloablative 
Allogeneic Transplantation With Post-Transplant 
Cyclophosphamide for Acute Myeloid Leukemia With IDH 
Mutations: A Single Center Experience. Clin Lymphoma 
Myeloma Leuk. 2022;22(4):260-9. 

9. Atef M, Shafik NF, N HAH, et al. Genetic Polymorphism 
Study of IDH 1/2 and TET2 Genes in Acute Myeloid 
leukemia Patients. Asian Pac J Cancer Prev. 
2023;24(9):3169-82. 
10. Bouligny IM, Murray G, Doyel M, et al. Venetoclax with 
decitabine or azacitidine in the first-line treatment of 
acute myeloid leukemia. EJHaem. 2023;4(2):381-92. 
11. Brunner AM, Neuberg DS, Wander SA, et al. Isocitrate 
dehydrogenase 1 and 2 mutations, 2-hydroxyglutarate 
levels, and response to standard chemotherapy for 
patients with newly diagnosed acute myeloid leukemia. 
Cancer. 2019;125(4):541-9. 
12. Cappelli LV, Meggendorfer M, Baer C, et al. 
Indeterminate and oncogenic potential: CHIP vs CHOP 
mutations in AML with NPM1 alteration. Leukemia. 
2022;36(2):394-402. 
13. Cocciardi S, Saadati M, Weiß N, et al. Impact of 
myelodysplasia-related and additional gene mutations in 
intensively treated patients with NPM1-mutated AML. 
Hemasphere. 2025;9(1):e70060. 
14. Comont T, Nicolau-Travers ML, Bertoli S, et al. MAIT 
cells numbers and frequencies in patients with acute 
myeloid leukemia at diagnosis: association with 
cytogenetic profile and gene mutations. Cancer Immunol 
Immunother. 2022;71(4):875-87. 
15. Corley EM, Mustafa Ali MK, Alharthy H, et al. Impact of 
IDH1 c.315C>T SNP on Outcomes in Acute Myeloid 
Leukemia: A Propensity Score-Adjusted Cohort Study. 
Front Oncol. 2022;12:804961. 
16. DiNardo CD, Roboz GJ, Watts JM, et al. Final phase 1 
substudy results of ivosidenib for patients with mutant 
IDH1 relapsed/refractory myelodysplastic syndrome. 
Blood Adv. 2024;8(15):4209-20. 
17. Du D, Liu C, Qin M, et al. Metabolic dysregulation and 
emerging therapeutical targets for hepatocellular 
carcinoma. Acta Pharm Sin B. 2022;12(2):558-80. 
18. Fathi AT, Kim HT, Soiffer RJ, et al. Multicenter Phase I 
Trial of Ivosidenib as Maintenance Treatment Following 
Allogeneic Hematopoietic Cell Transplantation for IDH1-
Mutated Acute Myeloid Leukemia. Clin Cancer Res. 
2023;29(11):2034-42. 
19. Badar T, Nanaa A, Atallah E, et al. Prognostic impact of 
'multi-hit' <i>versus</i> 'single-hit' <i>TP53</i> alteration 
in patients with acute myeloid leukemia: results from the 
Consortium on Myeloid Malignancies and Neoplastic 
Diseases. Haematologica. 2024;109(11):3533-42. 
20. Chen X, Tian C, Hao Z, et al. The impact of DNMT3A 
variant allele frequency and two different comutations on 
patients with de novo cytogenetically normal acute 
myeloid leukemia. Cancer Med. 2023;12(9):10340-50. 



              IJHOSCR, 1 April 2026. Volume 20, Number 2                        IDH Mutations and AML Treatment Outcome 
 
 

187 
 

  International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

21. Damm F, Heuser M, Morgan M, et al. Integrative 
prognostic risk score in acute myeloid leukemia with 
normal karyotype. Blood. 2011;117(17):4561-8. 
22. Davis AR, Canady BC, Aggarwal N, et al. 
Clinicopathologic Features of IDH2 R172-Mutated 
Myeloid Neoplasms. Am J Clin Pathol. 2023;160(1):89-97. 
23. DiNardo CD, Ravandi F, Agresta S, et al. Characteristics, 
clinical outcome, and prognostic significance of IDH 
mutations in AML. Am J Hematol. 2015;90(8):732-6. 
24. Guan L, Gao L, Wang L, et al. The Frequency and clinical 
significance of IDH1 mutations in Chinese acute myeloid 
leukemia patients. PLoS One. 2013;8(12):e83334. 
25. Gui G, Ravindra N, Hegde PS, et al. Measurable residual 
mutated IDH1 before allogeneic transplant for acute 
myeloid leukemia. Bone Marrow Transplant. 
2025;60(2):154-160.  
26. Huang S, Chen P, Wang L, et al. Next-generation 
sequencing reveals relapse and leukemia-free survival 
risks in newly diagnosed acute myeloid leukemia treated 
with CAG regimen combined with decitabine. Cancer 
Pathog Ther. 2023;2(2):112-20. 
27. Kang D, Jung J, Park S, et al. Genetic Characteristics 
According to Subgroup of Acute Myeloid Leukemia with 
Myelodysplasia-Related Changes. J Clin Med. 
2022;11(9):2378. 
28. Kunadt D, Stasik S, Metzeler KH, et al. Impact of IDH1 
and IDH2 mutational subgroups in AML patients after 
allogeneic stem cell transplantation.J Hematol Oncol. 
2022;15(1):126. 
29. Lachowiez CA, Reville PK, Kantarjian H, et al. 
Contemporary outcomes in IDH-mutated acute myeloid 
leukemia: The impact of co-occurring NPM1 mutations 
and venetoclax-based treatment. Am J Hematol. 
2022;97(11):1443-52. 
30. Li F, Li N, Wang A, et al. Correlation Analysis and 
Prognostic Impacts of Biological Characteristics in Elderly 
Patients with Acute Myeloid Leukemia. Clin Interv Aging. 
2022;17:1187-97. 
31. Middeke JM, Metzeler KH, Röllig C, et al. Differential 
impact of IDH1/2 mutational subclasses on outcome in 
adult AML: results from a large multicenter study. Blood 
Adv. 2022;6(5):1394-405. 
32. Österroos A, Björklund M, Eriksson A, et al. Integrated 
transcriptomic and genomic analysis improves prediction 
of complete remission and survival in elderly patients with 
acute myeloid leukemia. Blood Cancer J. 2020;10(6):67. 
33. Pollyea DA, DiNardo CD, Arellano ML, et al. Impact of 
Venetoclax and Azacitidine in Treatment-Naïve Patients 
with Acute Myeloid Leukemia and IDH1/2 Mutations. Clin 
Cancer Res. 2022;28(13):2753-61. 
34. Pratz KW, Jonas BA, Pullarkat V, et al. Long-term 
follow-up of VIALE-A: Venetoclax and azacitidine in 

chemotherapy-ineligible untreated acute myeloid 
leukemia. Am J Hematol. 2024;99(4):615-24. 
35. Saul EE, Patel PM, Tomita-Barber JF, et al. Clinical 
Outcomes in Acute Myeloid Leukemia (AML) Patients (Pts) 
Carrying Isocitrate Dehydrogenase (IDH1-2) Mutations 
Undergoing Allogeneic Hematopoietic Stem Cell 
Transplantation (HCT). Transplant Cell Ther. 
2021;27(3):S147-8. 
36. Shen J, Wen X, Xing X, et al. Endogenous retroviruses 
Suppressyn and Syncytin-2 as innovative prognostic 
biomarkers in Acute Myeloid Leukemia. Front Cell Infect 
Microbiol. 2024;13:1339673. 
37. Shi K, Li D, Peng BH, et al. The high-risk model 
associated with SYTL4 predicts poor prognosis and 
correlates with immune infiltration in AML. Biochem 
Biophys Rep. 2024;41:101859. 
38. Smith CC, Levis MJ, Perl AE, et al. Molecular profile of 
FLT3-mutated relapsed/refractory patients with AML in 
the phase 3 ADMIRAL study of gilteritinib. Blood Adv. 
2022;6(7):2144-55. 
39. Stiff A, Fornerod M, Kain BN, et al. Multiomic profiling 
identifies predictors of survival in African American 
patients with acute myeloid leukemia. Nat Genet. 
2024;56(11):2434-46. 
40. Tatarian J, Tupper N, Li P, et al. Morphologic, 
immunophenotypic, molecular genetic, and clinical 
characterization in patients with SRSF2-mutated acute 
myeloid leukemia. Am J Clin Pathol. 2023;160(5):490-499. 
41. Wang J, Gao N, Wang X, et al. Prognostic Factors in 
Acute Myeloid Leukemia with t(8;21)/AML1-ETO: 
Strategies to Define High-Risk Patients. Indian J Hematol  
Blood Transfus. 2022;38(4):631-7. 
42. Willander K, Falk IJ, Chaireti R, et al. Mutations in the 
isocitrate dehydrogenase 2 gene and IDH1 SNP 105C > T 
have a prognostic value in acute myeloid leukemia. 
Biomark Res. 2014;2:18. 
43. Wu Q, Zhang Y, Yuan B, et al. Influence of genetic co-
mutation on chemotherapeutic outcome in NPM1-
mutated and FLT3-ITD wild-type AML patients. Cancer 
Med. 2024;13(15):e70102. 
44. Zhang X, Shi J, Zhang J, et al. Clinical and biological 
implications of IDH1/2 in acute myeloid leukemia with 
DNMT3A(mut). Cancer Manag Res. 2018;10:2457-66. 
45. Gangat N, McCullough K, Abdelmagid M, et al. 
Molecular predictors of response and survival following 
IDH1/2 inhibitor monotherapy in acute myeloid leukemia. 
Haematologica. 2024;109(1):187-292. 
46. Giudice V, Serio B, Errichiello S, et al. Subclones with 
variants of uncertain clinical significance might contribute 
to ineffective hemopoiesis and leukemia predisposition. 
Eur J Haematol. 2023;111(5):729-41. 



Fereshteh Ameli, et al.                                                                      IJHOSCR, 1 April. Volume 20, Number 2 

188 
    
  International Journal of Hematology Oncology and Stem Cell Research 

ijhoscr.tums.ac.ir  
 

47. Hosono N, Chi S, Yamauchi T, et al. Clinical utility of 
genomic profiling of AML using paraffin-embedded bone 
marrow clots: HM-SCREEN-Japan 01. Cancer Sci. 
2023;114(5):2098-2108. 
48. Jain AG, Ball S, Aguirre L, et al. Patterns of lower risk 
myelodysplastic syndrome progression: factors predicting 
progression to high-risk myelodysplastic syndrome and 
acute myeloid leukemia. Haematologica. 
2024;109(7):2157-64. 
49. Begna KH, Kittur J, Gangat N, et al. European 
LeukemiaNet-defined primary refractory acute myeloid 
leukemia: the value of allogeneic hematopoietic stem cell 
transplant and overall response. Blood Cancer J. 
2022;12(1):7. 
50. Castaño-Díez S, López-Guerra M, Bosch-Castañeda C, 
et al. Real-World Data on Chronic Myelomonocytic 
Leukemia: Clinical and Molecular Characteristics, 
Treatment, Emerging Drugs, and Patient Outcomes. 
Cancers (Basel). 2022;14(17):4107. 
51. Qin H, Xu R, Yang Y. Acute myeloid leukemia treatment 
outcomes with isocitrate dehydrogenase mutations: A 
systematic review and meta-analysis. Medicine 
(Baltimore). 2024;103(49):e40565. 
52. Qin Y, Shen K, Liu T, et al. Prognostic value of IDH2R140 
and IDH2R172 mutations in patients with acute myeloid 
leukemia: a systematic review and meta-analysis. BMC 
Cancer. 2023;23(1):527. 
53. Chen X, Zhao Y, Li Q, et al. Single-Center Retrospective 
Clinical Evaluation of Venetoclax Combined with HMAs 
and Half-Dose CAG for Unfit or Refractory/Relapsed AML. 
Onco Targets Ther. 2023;16:409-19. 
54. Chen Y, Xie Y, Fang Y, et al. Correlation of blood cell 
counts with mutant subtypes and impact prognosis in 
acute myeloid leukemia patients with FLT3 mutations. 
Hematology. 2023;28(1):2172296. 
55. Chang S, Yim S, Park H. The cancer driver genes 
IDH1/2, JARID1C/ KDM5C, and UTX/ KDM6A: crosstalk 
between histone demethylation and hypoxic 
reprogramming in cancer metabolism. Exp  Mol Med. 
2019;51(6):1-17. 
56. Garrett-Bakelman FE, Melnick AM. Mutant IDH: a 
targetable driver of leukemic phenotypes linking 
metabolism, epigenetics and transcriptional regulation. 
Epigenomics. 2016;8(7):945-57. 
57. Bogdanovic E. IDH1, lipid metabolism and cancer: 
Shedding new light on old ideas. Biochim Biophys Acta. 
2015;1850(9):1781-5. 
58. Capper D, Simon M, Langhans CD, et al. 2-
Hydroxyglutarate concentration in serum from patients 
with gliomas does not correlate with IDH1/2 mutation 
status or tumor size. Int J Cancer. 2012;131(3):766-8. 

59. Intlekofer AM, Shih AH, Wang B, et al. Acquired 
resistance to IDH inhibition through trans or cis dimer-
interface mutations. Nature. 2018;559(7712):125-9. 
60. Kattih B, Shirvani A, Klement P, et al. IDH1/2 mutations 
in acute myeloid leukemia patients and risk of coronary 
artery disease and cardiac dysfunction-a retrospective 
propensity score analysis. Leukemia. 2021;35(5):1301-16. 
61. Madala HR, Punganuru SR, Arutla V, et al. Beyond 
Brooding on Oncometabolic Havoc in IDH-Mutant Gliomas 
and AML: Current and Future Therapeutic Strategies. 
Cancers (Basel). 2018;10(2):49. 
62. Sasaki M, Knobbe CB, Munger JC, et al. IDH1(R132H) 
mutation increases murine haematopoietic progenitors 
and alters epigenetics. Nature. 2012;488(7413):656-9. 
63. Nomdedéu J, Hoyos M, Carricondo M, et al. Adverse 
impact of IDH1 and IDH2 mutations in primary AML: 
experience of the Spanish CETLAM group. Leuk Res. 
2012;36(8):990-7. 
64. Ogawara Y, Katsumoto T, Aikawa Y, et al. IDH2 and 
NPM1 Mutations Cooperate to Activate Hoxa9/Meis1 and 
Hypoxia Pathways in Acute Myeloid Leukemia. Cancer 
Res. 2015;75(10):2005-16. 
65. Zarnegar-Lumley S, Alonzo TA, Gerbing RB, et al. 
Characteristics and prognostic impact of IDH mutations in 
AML: a COG, SWOG, and ECOG analysis. Blood Adv. 
2023;7(19):5941-53. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


