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This is a systematic review and meta-analysis evaluating the prognostic significance of epigenetic mutations on the overall survival (OS) in Acute Myeloid Leukemia (AML). We searched for studies evaluating epigenetic mutations in AML (up to November 2018) in PubMed, Trip database and Cochrane library. Hazard ratio (HR) of outcomes were extracted, and random-effects model was used to pool the results. A total of 10,002 citations were retrieved from the search strategy; 42 articles were identified for the meta-analysis (ASXL1 = 7, TET2 = 8, DNMT3A = 12, IDH =15), with fair to good-quality studies. The pooled HR was 1.88 (95% CI: 1.49−2.36) for ASXL1 mutation, 1.39 (95% CI: 1.18−1.63) for TET2 mutation, 1.35 (95% CI 1.16-1.56) for DNMT3a and 1.54 (95% CI: 1.15-2.06) for IDH mutation. However, there was a substantial heterogeneity in the DNMT3a and IDH studies. In conclusion epigenetic mutations in ASXL1, TET2, DNMT3a and IDH adversely impact OS in patients with AML albeit with considerable heterogeneity and possibly publication bias. Further studies are required to address these limitations.
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Introduction

Acute myeloid leukemia (AML) is characterized by the uncontrolled proliferation of myeloid blast cells in the bone marrow and peripheral blood (1). Breakthroughs in the past have contributed to our understanding of the genetic failures and the changing biology in the myeloid cells that underlie the initiation and progression of the disease (2). With the application of global DNA sequencing, several recurrent gene mutations have been identified, which has led to improvements in prognostication and molecular characterization within these subsets (3).

It is now recognized that genetic and epigenetic modifications are similarly important in the pathogenesis of AML (2). Epigenetic modification refers to variability in gene expression without underlying genetic changes (4, 5). DNA methylation and histone modifications are the well-known molecular epigenetic mechanisms studied in cancer biology (4). These epigenetics affect gene expression leading to leukemogenesis through silencing tumor suppressors and activation of oncogenes (3). Multiple studies integrating epigenetic modifiers like DNMT3a, IDH1, IDH2, TET2, ASXL1 and EZH2 and clinical outcomes in AML patients identified mutations as markers prognostic stratification (1). In addition to prognostic significance, since these alterations do not change the DNA sequences and are pharmacologically reversible, they have been regarded as optimal targets for what is now known as epigenetic therapy (2).

Several studies and reviews assessed the prognostic significance of these mutations in AML patients; however, the results are widely variable. In a study performed by Ravandi et al. (6) and colleagues, IDH mutation showed no impact on response to therapy nor Overall Survival (OS). However, Shunichiro Yamaguchi and colleagues (7) found IDH mutations are associated with poor prognosis. A meta-analysis performed by Qingyu Xu and colleagues (8) included thirty-three studies and concluded that IDH1 is associated with poor prognosis and IDH2 is associated with good prognosis. Similarly, studies assessing the impact of DNMT3A, TET2, ASXL1 and EZH2 showed conflicting results. Thus, it’s necessary to perform a systematic review and meta-analysis to clarify the prognostic significance of these mutations in AML patients. The rationale of our study is to evaluate the impact of epigenetic mutations in AML patients with the inclusion of recent publications and larger sample size.



Methods


Search strategy

We performed a literature search on several electronic databases, including PubMed (https://pubmed.ncbi.nlm.nih.gov), Trip database (https://www.tripdatabase.com) and Cochrane library (https://www.cochranelibrary.com) up to November 2018. We used various medical subject headings (MeSH terms) and free text search like mutations, epigenetic, acute myeloid leukemia, acute myeloblastic leukemia, acute myelocytic leukemia and AML.



Study selection

We included adult and pediatric AML studies that received any kind of therapy and were tested for epigenetic mutations (DNMT3a, IDH1, IDH2, TET2, ASXL1 and EZH2). In addition, observational and experimental studies were included. We excluded studies not published in the English language or those not reporting outcomes of interest. Two reviewers (RR and FB) independently screened all citations. Unrelated articles and duplicate publications were excluded after the title and abstract screening. Full-text articles were obtained from the remaining articles and were reviewed carefully for eligibility. Any disagreement between the two reviewers was resolved by discussion or involving a third reviewer (MK).



Data abstraction

Data were extracted using a common data collection form which was designed specifically for this study. Two reviewers abstracted the data independently and subsequently compared the results. Any disagreement was resolved by discussion and consensuses. The main variables extracted were patient characteristics, type of therapy, cytogenetics and molecular features, Hazards ratio (HR) and 95% Confidence Interval (CI) for the OS. In all studies that did not report HR or CI, we used Parmar’s methods to estimate the HR from the available data (9). Furthermore, corresponding authors were contacted for missing data.



Risk of bias assessment

The two reviewers assessed the quality of included studies independently using Newcastle-Ottawa-Scale (NOS) for observational studies. The NOS assessment tool included three main elements related to selection, comparability and outcome. A study can be awarded as good, fair or poor quality based on the maximum score. Any discrepancy between the reviewers was resolved by discussion. Cohen kappa coefficient (k) was calculated to assess the agreement.



Analysis and data synthesis

All statistical analyses were performed using R Program version 3.1.2 (R Core Team (2020); R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/). Hazards ratio was used to assess the prognostic impact of epigenetic mutations compared to wild type. The random-effects model was used to pool the results for the HR of OS. Pooled HR less than 1 indicated better outcome among mutated patients. A p-value of 0.05 or less is considered statistical significance. The heterogeneity among studies was assessed by Cochran I2 and Chi-squared test. I-square (I2) < 30%, 30%–50%, 50%–75%, and >75% were defined as low, moderate, substantial, and considerable heterogeneity, respectively. No ethical approval was required for this study as all data were abstracted from published papers.




Results


Study selection

The procedure of study selection is presented in Figure 1. Initially, 10,002 citations were retrieved from the database search. After title screening, 9862 articles were excluded either because not assessing epigenetic mutations, not AML patients or duplicates. We screened the remaining 140 articles. Of these, 49 were excluded after abstract screening for the following reasons: 14 full text not available, ten review articles/case reports and 25 not reporting the outcome of interest. Full-text screening further excluded 49 articles due to the absence of survival analysis or incomplete data. Finally, 42 articles were identified for the systematic review which met the full inclusion criteria. Of these, seven articles were for ASXL1 mutation (10–16), eight for TET2 (17–24), twelve for DNMT3A (25–36) and fifteen for IDH mutation (6, 7, 37–48).




Figure 1 | Study selection for the systematic review and meta-analysis. AML, Acute myeloid leukemia; ASXL1, Additional Sex Combs-Like 1; TET2, Ten-Eleven Translocation 2; DNMT3A, DNA Methyltransferase 3 Alpha; IDH, Isocitrate dehydrogenase.





Study characteristics and risk of bias

Table 1 presents the characteristics of the 42 included studies. For ASXL1 mutation articles, five were from Europe and two from Asia. The total number of patients included was 4115 patients; among these, 276 harbored the mutation. One article was for pediatric patients, and the remaining six articles were for adult patients. Eight articles were for TET2 mutation, with a total number of patients 3286 among these 364 had TET2 mutation. Three studies were from Asia, four from Europe and one from Europe and the USA. Finally, for DNMT3A mutation papers total of 12 articles were included, seven from Europe, four from the USA and one from Asia, with a total number of patients 5555 and 1324 with the mutation.


Table 1 | Description of the studies included in the systematic review.



Furthermore, IDH mutation papers were 15 articles. The total number of patients was 5794, and mutated was 597. Eight papers were from Europe, four from Asia, two from the USA and one from Africa. NOS for all 42 included studies ranged from fair to good quality. Cohen kappa coefficient (k) ranged from 0 - 1, with the lowest agreement in exposure and duration of follow-up and highest agreement in confounders.

The details of chemotherapy protocol used in each publication are summarized in Supplementary Material. Majority received intensive cytarabine and anthracycline based chemotherapy. However a subset of frail patients received less intensive chemotherapy, palliative or best supportive care.



Overall survival

As shown in Figure 2, ASXL1 mutation was associated with worse overall survival (HR, 1.88; 95% CI, 1.49 – 2.36, P 0.1316; heterogeneity: I-squared 42.6%). However, this was statistically not significant and was associated with moderate heterogeneity. In addition, the funnel plot showed asymmetry suggesting publication bias or a small study effect.




Figure 2 | Forest plot and funnel plot of the HR for overall survival in ASXL1 mutation. The first author and year of publication is provided for each study. The hazards ratio (boxes) with 95% confidence intervals (CI, horizontal lines) were calculated, the pooled hazards ratio (diamond) was estimated using random effect model. The P value for comparing heterogeneity between subgroups was calculated using I-squared. ASXL1, Additional Sex Combs-Like 1.



The results for TET2 mutation as presented in Figure 3. It shows that TET2 is associated with statistically insignificant worse overall survival with low heterogeneity (HR, 1.39; 95% CI, 1.18 – 1.63, P 0.1675; heterogeneity: I-squared 27.6%). The funnel plot is symmetrical, suggesting no publication bias.




Figure 3 | Forest plot and funnel plot of the HR for overall survival in TET2 mutation. The first author and year of publication is provided for each study. The hazards ratio (boxes) with 95% confidence intervals (CI, horizontal lines) were calculated, the pooled hazards ratio (diamond) was estimated using random effect model. The P value for comparing heterogeneity between subgroups was calculated using I-squared. TET2, Ten-Eleven Translocation 2.



For DNMT3A mutations, the forest plot is shown in Figure 4, the pooled HR is associated with worse overall survival, and the results are statistically significant, however with substantial heterogeneity (HR, 1.35; 95% CI, 1.16 – 1.56, P < 0.05; heterogeneity: I-squared 71.0%). In addition, the funnel plot is suggestive of publication bias, given the asymmetry as assessed visually.




Figure 4 | Forest plot and funnel plot of the HR for overall survival in DNMT3a mutation. The first author and year of publication is provided for each study. The hazards ratio (boxes) with 95% confidence intervals (CI, horizontal lines) were calculated, the pooled hazards ratio (diamond) was estimated using random effect model. The P value for comparing heterogeneity between subgroups was calculated using I-squared. DNMT3A, DNA Methyltransferase 3 Alpha.



As shown in Figure 5, IDH mutation is associated with statistically significant worse OS, however with considerable heterogeneity in results (HR, 1.54; 95% CI, 1.15 – 2.06, P <0.05; heterogeneity: I-squared 84.8%). The funnel plot presented is not suggestive of publication bias.




Figure 5 | Forest plot and funnel plot of the HR for overall survival in IDH mutation. The first author and year of publication is provided for each study. The hazards ratio (boxes) with 95% confidence intervals (CI, horizontal lines) were calculated, the pooled hazards ratio (diamond) was estimated using random effect model. The P value for comparing heterogeneity between subgroups was calculated using I-squared. IDH, Isocitrate dehydrogenase.






Discussion

In this systematic review and meta-analysis, we found that all epigenetic modifiers mutations (ASXL1, TET2, DNMT3A and IDH) are associated with worse OS in patients with AML based on fair to good-quality studies. However, there was substantial heterogeneity for IDH and DNMT3A mutation studies, respectively.

For ASXL1 mutation, the results revealed a prominent worse overall survival among AML patients. This was consistent among all the included studies. Shivarov V. and his colleagues (49) reported a similar outcome based on the assessment of six large trials and a total of 3311 adult patients. Since there was a single study from the pediatric population, the results cannot be applied to this population. An adverse prognosis was also observed with TET2 mutations, consistent with what Wang R. and his colleagues (50) reported. DNMT3A mutation showed a significantly worse prognosis than the wild type, consistent with what is reported in the literature (51, 52).

Similarly, our data on IDH mutation is reported to show an adverse effect on prognosis. Moreover, we found out that these mutations were frequently found in the intermediate-risk group of the international prognostic scoring system, as shown in Table 1. They were also associated with older patient age and higher presenting white blood cell count.

Although there was substantial heterogeneity in DNMT3A and IDH studies, this could be explained by the year of the publication, age of the patients and cytogenetic risk profile. There has been improvement in supportive care over the last few years, and with the emergence of new targeted therapies, the OS of these patients slightly improved. Jakobsen and colleagues conducted a large population based registry study and they concluded a significant temporal overall survival improvement among patient with AML since 2000. This was particularly seen among the patients aged between 50-75 years where they got curative chemotherapy and option of allogenic stem cell transplant was offered in some cases (53). Furthermore, many other factors affect response to therapy and OS, especially the presence of FLT3 mutation. Publication bias was suggested among ASXL1 and DNMT3A mutation probably; studies with no effect were not published. This was a major limitation to our estimate of the outcome of these mutations.

Our study has several limitations. First, the lack of data from many studies and the high possibility of publication bias could impact the outcome. Second, we did not perform subgroup analysis to assess the impact of the year of the publication to explain the heterogeneity, as older publications probably had worse outcomes. Finally, we did not consider individual patient data, and our analysis was based on cumulative data from different studies.

In conclusion, this meta-analysis revealed that ASXL1, TET2, DNMT3A and IDH mutations had an adverse effect on the survival of AML patients albeit with considerable heterogeneity and possibly publication bias. Further studies are required to address these limitations.
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