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ARTICLE INFO ABSTRACT

Purpose: Myelodysplastic syndromes (MDS) are characterized by variable degrees of clinical outcomes. Until
now, hypomethylating agents (HMAs) are the only drugs that have been approved by FDA in remedying this
complicated prognosis disease, but without satisfactory outcome. So, biomarkers of better clinical outcome are
of great significance. Many studies have already reported the potential prognostic value of DNA methylation
pathway related gene (TET2/DNMT3 A/IDH) mutations in demethylation therapy patients, with controversial
results. Therefore, a meta-analysis was performed to investigate their prognostic impact on HMAs treated MDS.
Methods: Databases, including PubMed, Embase, web of science and the Cochrane Library, were searched for
relevant studies published up to 29 May 2018. Overall response rate (ORR) and overall survival (OS) were
selected as endpoints. We extracted odds ratio to evaluate the effect of mutations on ORR, and the corresponding
hazard ratios and their 95% confidence intervals for OS.

Results: A total of 13 cohort studies, covering 1398 patients with MDS treated by HMAs were included in the
final meta-analysis. Our results indicated that DNMT3 A mutations had a favorable impact (P = 0.008) and TET2
mutations, which showed no significance (P = 0.06) in all included patients, could imply good efficacy in some
subgroups on ORR. However, none advantages of mutations on ORR translated into a benefit in overall survival.
Conclusions: This meta-analysis indicates one favorable factor, DNMT3 A mutations, on ORR in MDS patients
with HMAs therapy. The identification of mutations in DNMT3 A can improve clinical efficacy and help make
treatment decisions.
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1. Introduction [6]. Better biomarkers of clinical efficacy to HMAs are needed.

DNA methylation is an epigenetic mechanism that consists in the

Myelodysplastic syndromes (MDS) are heterogeneous malignant
myeloid stem cell disorders characterized by invalid hematopoiesis,
peripheral cytopenia and high risk of progression to acute myeloid
leukemia (AML) [1]. At present, the hypomethylating agents, azaciti-
dine (AZA) [2] and decitabine (DAC) [3], are the only approved drugs
for treatment of MDS by the Food and Drug Administration (FDA) in
2004 and 2006 respectively; however, only 40-50% of patients respond
to the agents, and the effect on overall survival (OS) does not come to
agreement, although there is individual variation [4,5]. Effective
methods for identifying patients who are the most likely to have better
clinical efficacy treated with HMAs would be of key clinical sig-
nificance. Clinical features and patient characteristics may help stratify
patients, but these models are not sufficiently conclusive to deny eli-
gible patients a trial of AZA or DAC based on their predictions alone

addition of methyl groups to cytosine residues within CpG-islands,
which are located in or near gene promoter regions. Aberrant DNA
methylation has been associated with gene silencing, via inhibition of
gene transcription [7,8]. DNA methylation mutations [9] (e.g., Tet
methylcytosine dioxygenase 2 [TET2], DNA (cytosine-5)-methyl-
transferase 3 A [DNMT3A] or Isocitrate dehydrogenase 1/2 [IDH1/2])
are candidates to influence OS [10-12], overall response rate (ORR)
[12-14], complete remission rate (CR) [15,16], and progression free
survival (PFS) [10,15] when treatment with HMAs in MDS, but there is
no unanimity between the studies and some data even do not support
such associations. Mutations in different genes of the same pathway,
interactions between gene mutations, or alterations in diverse popula-
tions could also affect the efficacy of HMAs and explain, at least in part,
heterogeneity between the studies as well as individual differences.
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We performed this meta-analysis to evaluate the impact of gene
mutations related to DNA methylation on the clinical efficacy of HMAs
in MDS patients, to identify biomarkers with prognostic value for in-
dividualized therapy.

2. Method
2.1. Literature search

Relevant papers were identified in the electronic databases PubMed,
Embase, Cochrane library and Web of Science, using the following
keywords (chosen according to the scientific literature): “myelodys-
plastic syndrome/s”, “DNA methylation pathway”, “mutation”, “hypo-
methylating agents”, as well as any possible combinations of these
terms, up to May 29, 2018. (Please refer to the Supplementary for de-
tails) The title and abstracts of the selected articles were reviewed to

determine the primary eligibility for meta-analysis.

2.2. Inclusion and exclusion

The criteria of including a study in the meta-analysis were the fol-
lowing: (i) MDS patients diagnosed by FAB or WHO criterion, who were
treated mainly with hypomethylating agents (either azacitidine or
decitabine or both); (ii) mutational analysis was assessed on gene se-
quencing platforms; (iii) Correlation of gene mutations on DNA me-
thylation pathway (TET2/DNMT3A/IDH) with ORR and/or OS was
recorded. Exclusion criteria were as follows: (i) Review articles, case
reports and laboratory studies; (ii) studies with insufficient data for
estimating pooled ORs or HRs; (iii) studies had duplicate data or repeat
analysis, in this case, only the most recent or the highest quality studies
were included; (iv) more than 20% of patients were therapy related
MDS.

Two reviewers (Mengyi Du and Fen Zhou) screened the databases
and identified the eligible studies, independently. Disagreements were
resolved by discussion.

2.3. Data extraction

We collected the following items from each study, if available: the
first author’s name, year of publication, publish journal, country of
origin, median follow-up, number of patients, age and gender dis-
tribution of patients, distribution of relatively high-risk patients by in-
ternational prognostic scoring system (IPSS) or revised-international
prognostic scoring system (IPSS-R) classification and therapy. We se-
lected ORR as the primary endpoint, OS as the secondary endpoint.
(ORR, the rate of patients obtaining specific improvements in marrow
and peripheral blood measurements according to the ING 2006 criteria
[171, covers complete remission rate, partial remission rate and marrow
complete remission rate.) We extracted number of patients with gene
mutations, number of patients with a ‘wild-type’ genotype, ORR of
these two types of patients for odds ratio (ORs) to evaluate the effect of
gene mutations. Endpoints for OS were defined as either deceased
(failure) or alive at last follow-up. We extracted the corresponding
hazard ratios (HRs) and their 95% confidence intervals (CIs) for OS
from univariate or multivariate Cox proportional hazards models (date
from multivariate COX model were preferred) to evaluate the prog-
nostic impact of the gene-mutated patients compared with the un-
mutated with MDS. If only survival curves were provided, Engauge
Digitizer software was applied for data extraction, and the Excel de-
signed by JayneF Tierney [18] was utilized for calculating HRs and
95% ClIs.

Two independent reviewers (Mengyi Du and Fen Zhou) extracted
the data. Disagreements between reviewers regarding data abstraction
were resolved through discussion.
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2.4. Quality assessment

Two reviewers independently evaluated the methodological quality
of each included study. The quality of cohort studies was evaluated by
the Newcastle-Ottawa quality assessment scale (NOS) [19]. The NOS
includes a total of 9 points, with 4 points for selection, 2 points for
comparability, and 3 points for exposure or outcome. Six or more points
in cohort or case-control studies were regarded as high quality. Dis-
agreements were resolved by discussion.

2.5. Statistical analysis

Review Manager software version 5.3 (following the recommenda-
tion of the Cochrane Collaboration (http://tech.cochrane.org/revman/
download) and STATA statistical software version 12.0 (STATA, College
Station, TX) were used to calculate the combined survival impact on
gene mutations of DNA methylation. The impress of mutations on ORR
and CR was derived by calculating ORs and their 95% CIs. The prog-
nostic effect of gene mutations on OS and PFS was evaluated by cal-
culation of the combined HRs and their 95% CIs with the generic in-
verse variance method. The result suggested statistical significance if
the 95% CI did not overlap 1. Moreover, gene mutations contributed an
adverse survival effect compared to unmutated patients when the HR
was more than 1 or OR was less than 1.

The heterogeneity of the studies was evaluated through the chi-
squared test, with significance set at a p-value of less than 0.10. The
statistic 12 was used to quantify the heterogeneity. 12 value less than
25% was regarded as low heterogeneity, value between 25 and 50%
indicated moderate heterogeneity, and value over 50% suggested high
heterogeneity [20]. The random effect model was used if high hetero-
geneity was observed; otherwise, a fixed effect model was used for the
meta-analysis. Subgroup analysis and sensitivity analysis were applied
to explore the origin of heterogeneity. Funnel plots, Begg’s test and
Egger’s test were used to screen for potential publication bias con-
cerning the total population. The poor stability resulted from inclusion
and exclusion of the studies would be reappraised.

3. Results
3.1. Study identification and selection

As shown in Fig. 1, the initial search revealed 584 studies. After
exclusion of 92 duplicates, 492 citations were further reviewed by
reading the titles and abstracts, and 474 citations were then excluded
for irrelevant subject or content. A total of 18 studies were left for full
text review. Among them, 4 studies were excluded because of in-
sufficient data, and 1 were further excluded because the proportion of
therapy related MDS was higher than 20%. During revision, none ad-
ditional citation was included in the final meta-analysis, leaving a total
of 13 citations.

3.2. Characteristics of included studies

The 13 included studies were cohort or case control studies and
were published between 2011 and 2018 (Table 1). They were con-
ducted in East Asia, Europe or America. The studies included a total of
1398 patients with MDS, in which one third patients harbored a mu-
tation in DNA methylation pathway. Occurrence of mutations of
DNMT3 A and IDH1/2 varied approximately between 4% and 26%, and
mutations of TET2 were more frequent (9%—-32%), especially in Europe-
America MDS patients.

3.3. Quality assessment of included studies

As shown in Table 1 and supplementary, the mean overall NOS
score was 8 (range 7-9), indicating that the quality of included studies
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165 records 153 records 264 records 2 records additional records
identified through identified through identified through identified through indentified through other
Pubmed Embase Web of Science Cochrane sources:none

492 records
screened after

excluding
duplications

18 full-text articles

assessed for

eligibility

474 records excluded
after title and abstract
were screened.

5 full-text articles
excluded

Publication with
insufficient data:
n=4

Publication with
high percentage
.| of therapy related
MDS: n=1

13 studies included in
qualitative synthesis

Mutation TET2:12 studies; 1289 patients

Mutation DNMT3A: 6 studies; 536 patients

Mutation IDH1/2: 5 studies; 526 patients

Fig. 1. Flow chart of the included studies.

was high (details in supplementary data).

3.4. Outcome

3.4.1. Primary outcome: Overall response rate (ORR)

Data of the effect of TET2 mutations on ORR were available from 10
studies with a total of 1001 patients. As regards to response rate during
study, there was no significant advantages for patients with TET2-mu-
tated (OR = 1.36, 95% CI = 0.99-1.86, P = 0.06, I> = 10%), compared
to the TET2-wildtype. For more precise assessment, the ten included
studies were divided into subgroups by risk level (relatively high-risk
patients vs relatively low-risk patients), original country (Asia vs
Europe-America), and therapy respectively. Four studies laid emphasis
on patients with relatively high-risk MDS harboring TET2 mutations
(see in Table 2, percentage of relatively high-risk MDS was higher than
80%). The pooled OR for ORR raised to 2.29 (95% CI: 1.21-4.33, with a
p-value of 0.01, I> = 27%), for patients with relatively high-risk MDS
with TET2 mutations, compared to TET2-unmutated patients (Fig. 2a).
Several studies focused on patients with Europe-America population.
The pooled OR for ORR was 1.48 (95% CI: 1.05-2.09, with a p-value of
0.03, 12 = 18%) for patients with TET2 mutations, compared to TET2-
unmutated patients (Fig. 2b). There was no evidence for a difference
between treatment therapies both on the drug side (AZA or DAC) and
on the treatment cycle side. Our results indicated that TET2 mutations
did not significantly affect the ORR with HMAs treatment, but the po-
sitive effect could be discovered in Europe-America MDS population,
and the promising influence would be enlarged in patients with rela-
tively high-risk. (details in Table 2)

536 patients provided data about the effect of DNMT3 A on ORR in
six studies, the pooled OR was 2.11 (95% CI = 1.22-3.66, P = 0.008,
12 = 0%), and the OR raised to 2.49 (95% CI = 1.25-5.00, P = 0.01,
I? = 0%) when Asia patients excluded (Fig. 2c). Five studies reported
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data about the effect of IDH1/2 on ORR with 526 patients. There was
no evidence for a difference in the pooled analysis (OR = 1.15, 95%
CI = 0.63-2.10, P = 0.65, I> = 0%) (Fig. 2d), mutations in IDH1/2
might not affect overall response rate.

3.4.2. Secondary outcome: overall survival (OS)

As shown in Table 2, the meta-analysis of the effect of TET2 mu-
tations on OS in MDS patients was performed for 8 studies with a total
of 950 patients. Our results indicated that the presence of TET2 mu-
tations might not significantly affect the OS (HR = 1.13, 95% CI:
0.95-1.33, p = 0.16) with a low heterogeneity (12 = 24%) (Fig. 3). For
more precise assessment of the association between OS and gene mu-
tations, the 8 studies were divided into subgroups by the same principle
as the evaluation of relationship between ORR and gene mutation,
however, there was no evidence for a difference between TET2-mutated
patients and unmutated patients for OS in HMAs treated MDS, even the
population was specially restricted.

Four studies provided with data about the effect of DNMT3 A (3
studies) and/or IDH1/2 (2 studies) mutations on OS, but there was high
heterogeneity among the analyzed studies, and the reason for exclusion
was not abundant, so the identified studies were not meta-analyzed.

3.4.3. Other outcomes: Complete remission rate (CR)

We tried to analyze other two end points —— CR and PFS to in-
vestigate the prognostic effect of gene mutations on DNA methylation
pathway in MDS patients with HMAs therapy. However, after extracting
useful data from the included studies, we were only able to analyze the
prognostic impact of TET2 mutations on the CR. We evaluated three
studies with a total of 287 patients. The pooled OR for the CR was 1.65
(95% CI = 0.80-3.39, p = 0.17, I2 = 0%) in hypomethylated MDS pa-
tients with TET2 mutations compared to the wild-type. These data in-
dicated that the TET2 mutations did not significantly affect the CR in
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Fig. 2. Forest plots of pooled ORs and 95% ClIs assessing the ORR of gene mutations in HMAs treated patients comparing with the unmutated. The size of the blocks or
diamonds represents the weight, the length of the straight line represents the width of 95% CI. (a) comparing TET2-mutated patients with TET2-unmutated and
subgrouped by risk-level; (b) comparing TET2-mutated patients with TET2-unmutated and subgrouped by race; (c) comparing DNMT3 A-mutated patients with
DNMT3A-unmutated and subgrouped by race; (d) comparing IDH-mutated patients with IDH-unmutated.

MDS patients with AZA and/or DAC therapy.

3.5. Sensitive analysis and publication bias

We conducted a sensitivity analysis by excluding one study at a time
from the meta-analysis, examining the effect of individual studies on
the combined OR and HR. The results indicated that there were no
significant effects of individual studies on the combined OR for ORR
and HR for OS in the total population (details in supplementary). There
was no significant publication bias of ORR and OS of all population,
which contained all 13 studies (Table 2; Funnel plot in supplementary).

4. Discussion

Myelodysplastic syndromes (MDS) are a group of clonal neoplasms
of the hematopoietic stem cell characterized with variable degrees of
clinical outcomes. Until now, azacitidine and decitabine are the only
drugs that have been approved by FDA in remedying this complicated
prognosis disease. A large number of studies have investigated the
prognostic value of TET2/DNMT3 A/IDH in MDS patients treated with
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hypomethylating agents. But, with less than half responsers and con-
troversial effect on overall survival [21,22], the clinical efficacy of
HMAs applied to all patients is not satisfied, so biomarkers of better
clinical outcome to AZA or DAC are of great significance.

The pooled meta-analysis of the included studies demonstrated that,
in relatively high-risk patients and in Europe-America population, TET2
mutations indicated increased response rates to HMAs compared with
wildtype, and this is consistent with many prior studies [13,14,23]. It is
easy to understand because AZA and DAC are recommended to remedy
patients with higher-risk by NCCN Guideline (Version 1.2019; available
at Http://www.ncen.org/) and the efficacy of HMAs has been verified
in Europe-America [21,22,24,25] population mostly, with less clinical
trials on this topic in Asia. Effective as HMAs are, more appropriate
usage and dosage for Asia population should be probed into. As for the
treatment cycles of HMAs, there was no relationship between gene
mutations and higher response rate, no matter in groups no more than 4
cycles or in groups greater than 4 cycles. Previous studies showed that
HMAs began to take effect at 2 cycles, and the effect reached the climax
at 4 cycles [26,27]. Nearly all the treatment cycles of included patients
were no less than 4, so the number of treatment cycles did not result
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Hong (2015) — -0.51(-1.62,0.60) 227
Kim (2015) —_—— 1.33(0.29,2.36) 261
Tobiasson (2016) 0.19 (-0.63,1.02)  4.11
Sekeres (2017) = 0.58 (:0.04,121)  7.20
Overall (I-squared = 24.3%, p = 0.236) 0.12 (-0.05,0.29)  100.00

T T

44 1 44

Fig. 3. Forest plots of pooled HRs and 95% ClIs assessing the OS of TET2 mu-
tations in HMAs treated patients comparing with unmutated. The size of the
blocks or diamonds represents the weight, the length of the straight line re-
presents the width of 95% CI.

into difference. DNMT3 A mutations were correlated with favorable
outcomes in ORR, and more obvious distinction was determined in
Europe-America patients. This result was derived from four studies
[12,15,28,29] with same tendency, and in this paper, the significant
diversity (P < 0.05) between DNMT3 A-mutated and DNMT3 A-wild-
type patients was confirmed in 536 patients leading to a convincing
result. Generally, DNMT3 A mutations may be as significant biomarkers
in evaluating response to HMAs. Different from DNMT3 A, the impact of
IDH mutations on response rate was pretty controversial. While three
Europe-America studies showed odds ratios (ORs) more than 1 for the
effect of IDH mutations, two Asian studies showed the adverseness.
Though the P value of the pooled data from previous studies was
greater than 0.05 (indeed 0.65), advanced studies focus on Europe-
America populations may throw new light on this argument.

Although the presence of DNMT3 A mutations predicted a higher
response rate and TET2 mutations indicated better outcomes of re-
sponse in some subgroups to HMAs, these did not translate into benefits
in overall survival. The result is consistent with some of prior studies
[12,13,15]. Experts have tried to combine gene mutation profiles with
existing prognostic scoring systems (e.g. IPSS/WPSS/IPSS-R) [30-33]
for more precise OS prediction without taking treatment into con-
sideration. Among them, Haferlach [32] and Gangat [33] hold the idea
that TET2 is not associated with OS, however Hou [31] takes DNMT3 A
and IDH2 as adverse factors in the new prognostic scoring system es-
tablished by him and his colleagues. DNMT3 A and IDH2 mutations
were poor-risk genotypes due to the heterogeneity resulting from pa-
tient inclusion criteria, gene sequencing platforms and treatment in
Hou'’s cohort. Except for the heterogeneity, the association with clinical
phenotypes, the co-mutation between genes also add up the difficulty of
evaluating the real effect of gene mutations on OS.

TET2, DNMT3 A and IDH1/2 are the genes of the highest mutated
frequency in the pathway of DNA methylation of MDS patients [9].
TET2 is an alpha-ketoglutarate (aKG) and Fe (II) -dependent oxygenase,
an enzyme that converts 5-methylcytosine (5mC) to 5-hydro-
xymethylcytosine (5hmC) in DNA. TET2 mutant patients have hy-
permethylated promoters and hypermethylated enhancers enriched
[34,35]. Although TET2 mutations have been shown to be associated
with a decrease of ShmC at the genomic DNA level [36], but it does not
correlate with changes in expression of neighbor genes [37]. DNMT3A
is a de novo DNA methyltransferase, which is responsible for the
covalent linking of methyl groups to the CpG dinucleotide [38]. These
mutations always suggest a gain of function effect [39], which results in
a hypermethylation. IDH1/2-mutant is associated with more extensive
promoter hypermethylation compared to the wild subtypes [34].
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Although no agreement on the function and biological consequences of
gene mutations in DNA methylation pathway has been reached, these
mutations show a tendency to be hypermethylated by main published
studies. HMAs are nucleoside analogues that irreversibly inhibit the
DNA methyltransferases, leading to progressive loss of methylation and
reversal of gene silencing [40-42], with an influence on the clinical
outcome of mutant patients. Gene alterations in MDS not only cause
initiation and progression, but could be predictors of clinical efficacy.

To date, our paper is the most comprehensive study with 1398 MDS
patients treated with hypomethylating agents[10-16,23,28,29,43-45].
And it is the first meta-analysis concerning the controversial prognostic
value of three gene mutations in DNA methylation pathway in MDS
patients treated with HMAs. Clinical efficacies such ORR, OS, CR and
PFS were all taken into consideration, though some meta-analysis were
not performed due to the limitation of the number of patients. Besides,
there were two other limitations in this study. First, the analysis was
based on observational studies rather than on randomized trials or
prospective studies. Second, Both Egger’s test and Begg’s test have re-
latively lower power when the number of studies included in meta-
analysis was less than 10. Hence, the publication bias may not be de-
tected by Egger’s and Begg’s test.

In conclusion, our meta-analysis indicates one favorable prognostic
biomarker, DNMT3 A mutations, on overall response rate in MDS pa-
tients by HMAs treatment. Though no gene mutation in DNA methy-
lation pathway is confirmed to have prognostic value to HMAs on OS,
MDS Patients with DNMT3A mutations is encouraged to have HMAs as
major therapy. Challenges such as how to use the drug more rationally,
and how to translate the advantage of overall response rate into a
benefit in overall survival should be studied in the future researches.

Acknowledgments

We thank all patients and clinical investigators who were involved
in the studies selected for this meta-analysis. This work was financially
supported by National Natural Science Foundation of China (Grant No.
81570116; Grant No 81873434).

References

[1] M. Cazzola, L. Malcovati, Myelodysplastic syndromes—coping with ineffective he-
matopoiesis, N. Engl. J. Med. 352 (6) (2005) 536-538.

P. Fenaux, G.J. Mufti, E. Hellstrom-Lindberg, V. Santini, C. Finelli, A. Giagounidis,
R. Schoch, N. Gattermann, G. Sanz, A. List, International Vidaza High-Risk MDS
Survival Study Group. Efficacy of azacitidine compared with that of conventional
care regimens in the treatment of higher-risk myelodysplastic syndromes : a ran-
domized open-label Phase III study, Lancet Oncol. 10 (3) (2009) 223-232.

D.P. Steensma, M.R. Baer, J.L. Slack, R. Buckstein, L.A. Godley, G. Garcia-Manero,
M. Albitar, J.S. Larsen, S. Arora, M.T. Cullen, Multicenter study of decitabine ad-
ministered daily for 5 days every 4 weeks to adults with myelodysplastic syn-
dromes: the alternative dosing for outpatient treatment (ADOPT) trial, J. Clin.
Oncol. 27 (23) (2009) 3842-3848.

G. Garcia-Manero, Demethylating agents in myeloid malignancies, Curr. Opin.
Oncol. 20 (6) (2008) 705.

P.L. Greenberg, R.M. Stone, A. Al-Kali, S.K. Barta, R. Bejar, J.M. Bennett,

H. Carraway, C.M. De Castro, H.J. Deeg, A.E. DeZern, A.T. Fathi, O. Frankfurt,

K. Gaensler, G. Garcia-Manero, E.A. Griffiths, D. Head, R. Horsfall, R.A. Johnson,
M. Juckett, V.M. Klimek, R. Komrokji, L.A. Kujawski, L.J. Maness, M.R. O’Donnell,
D.A. Pollyea, P.J. Shami, B.L. Stein, A.R. Walker, P. Westervelt, A. Zeidan,

D.A. Shead, C. Smith, Myelodysplastic syndromes, version 2.2017, NCCN clinical
practice guidelines in oncology, J. Compr. Canc. Netw. 15 (1) (2017) 60-87.
AM. Zeidan, J.W. Lee, T. Prebet, P. Greenberg, Z. Sun, M. Juckett, M.R. Smith,
E. Paietta, J. Gabrilove, H.P. Erba, Comparison of the prognostic utility of the re-
vised International Prognostic Scoring System and the French Prognostic Scoring
System in azacitidine-treated patients with myelodysplastic syndromes, Br. J.
Haematol. 166 (3) (2014) 352-359.

M.E. Figueroa, L. Skrabanek, Y. Li, A. Jiemjit, T.E. Fandy, E. Paietta, H. Fernandez,
M.S. Tallman, J.M. Greally, H. Carraway, MDS and secondary AML display unique
patterns and abundance of aberrant DNA methylation, Blood 114 (16) (2009) 3448.
Y. Jiang, A.L. Dunbar, S. Mohan, M. Rataul, C. O’Keefe, M. Sekeres,

Y. Saunthararajah, J. Maciejewski, Aberrant DNA methylation is a dominant me-
chanism in MDS progression to AML, Blood 113 (6) (2009) 1315-1325.

E. Papaemmanuil, M. Gerstung, L. Malcovati, S. Tauro, G. Gundem, P. Van Loo,
C.J. Yoon, P. Ellis, D.C. Wedge, A. Pellagatti, A. Shlien, M.J. Groves, S.A. Forbes,
K. Raine, J. Hinton, L.J. Mudie, S. McLaren, C. Hardy, C. Latimer, P.M. Della,

[2]

[3]

[4

[5]

[6]

[71

[8

[91]


http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0005
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0005
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0010
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0015
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0020
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0020
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0025
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0030
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0035
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0040
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045

M. Du, et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

S. O’Meara, I. Ambaglio, A. Galli, A.P. Butler, G. Walldin, J.W. Teague, L. Quek,
A. Sternberg, C. Gambacorti-Passerini, N.C. Cross, A.R. Green, J. Boultwood,

P. Vyas, E. Hellstrom-Lindberg, D. Bowen, M. Cazzola, M.R. Stratton, P.J. Campbell,
Clinical and biological implications of driver mutations in myelodysplastic syn-
dromes, Blood 122 (22) (2013) 3616-3627 quiz 3699.

S.H. Jung, Y.J. Kim, S.H. Yim, H.J. Kim, Y.R. Kwon, E.H. Hur, B.K. Goo, Y.S. Choi,
S.H. Lee, Y.J. Chung, J.H. Lee, Somatic mutations predict outcomes of hypo-
methylating therapy in patients with myelodysplastic syndrome, Oncotarget 7 (34)
(2016) 55264-55275.

M. Kim, S.A. Yahng, A. Kwon, J. Park, Y.W. Jeon, J.H. Yoon, S.H. Shin, S.E. Lee,
B.S. Cho, K.S. Eom, S. Lee, C.K. Min, H.J. Kim, S.G. Cho, D.W. Kim, J.W. Lee,
W.S. Min, S.H. Lee, Y.J. Kim, Mutation in TET2 or TP53 predicts poor survival in
patients with myelodysplastic syndrome receiving hypomethylating treatment or
stem cell transplantation, Bone Marrow Transplant. 50 (8) (2015) 1132-1134.
M.A. Sekeres, M. Othus, A.F. List, O. Odenike, R.M. Stone, S.D. Gore, M.R. Litzow,
R. Buckstein, M. Fang, D. Roulston, C.D. Bloomfield, A. Moseley, A. Nazha,

Y. Zhang, M.R. Velasco, R. Gaur, E. Atallah, E.C. Attar, E.K. Cook, A.H. Cull,

M.J. Rauh, F.R. Appelbaum, H.P. Erba, Randomized phase II study of azacitidine
alone or in combination with lenalidomide or With vorinostat in higher-risk mye-
lodysplastic syndromes and chronic myelomonocytic leukemia: North American
intergroup study SWOG S1117, J. Clin. Oncol. 35 (24) (2017) 2745-+.

R. Bejar, A. Lord, K. Stevenson, M. Bar-Natan, A. Perez-Ladaga, J. Zaneveld,

H. Wang, B. Caughey, P. Stojanov, G. Getz, G. Garcia-Manero, H. Kantarjian,

R. Chen, R.M. Stone, D. Neuberg, D.P. Steensma, B.L. Ebert, TET2 mutations predict
response to hypomethylating agents in myelodysplastic syndrome patients, Blood
124 (17) (2014) 2705-2712.

R. Itzykson, O. Kosmider, T. Cluzeau, M.V. Mansat-De, F. Dreyfus, O. Beyne-Rauzy,
B. Quesnel, N. Vey, V. Gelsi-Boyer, S. Raynaud, C. Preudhomme, L. Ades, P. Fenaux,
M. Fontenay, Impact of TET2 mutations on response rate to azacitidine in myelo-
dysplastic syndromes and low blast count acute myeloid leukemias, Leukemia 25
(7) (2011) 1147-1152.

F. Traina, V. Visconte, P. Elson, A. Tabarroki, A.M. Jankowska, E. Hasrouni,

Y. Sugimoto, H. Szpurka, H. Makishima, C.L. O’Keefe, M.A. Sekeres, A.S. Advani,
M. Kalaycio, E.A. Copelan, Y. Saunthararajah, S.T.O. Saad, J.P. Maciejewski,

R.V. Tiu, Impact of molecular mutations on treatment response to DNMT inhibitors
in myelodysplasia and related neoplasms, Leukemia 28 (1) (2014) 78-87.

Y.S. Zhao, J. Guo, F. Xu, D. Wu, L.Y. Wu, L.L. Song, C. Xiao, X. Li, C.K. Chang,
[Predict response to decitabine in patients with myelodysplastic syndrome and
related neoplasms], Zhonghua Xue Ye Xue Za Zhi 38 (2) (2017) 124-128.

B.D. Cheson, P.L. Greenberg, J.M. Bennett, L. Bob, P.W. Wijermans, S.D. Nimer,
P. Antonio, B. Miloslav, T.M. Witte, R.M. De, Stone, Clinical application and pro-
posal for modification of the International Working Group (IWG) response criteria
in myelodysplasia, Blood 108 (2) (2006) 419-425.

J.F. Tierney, L.A. Stewart, D. Ghersi, S. Burdett, M.R. Sydes, Practical methods for
incorporating summary time-to-event data into meta-analysis, Trials 8 (1)

(2007) 16.

G. Wells, The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in meta-analyses, Appl. Eng. Agric. 18 (6) (2014) 727-734.
J.P. Higgins, S.G. Thompson, J.J. Deeks, D.G. Altman, Measuring inconsistency in
meta-analyses, Bmj 327 (7414) (2003) 557-560.

P. Fenaux, G.J. Mufti, E. Hellstrom-Lindberg, V. Santini, C. Finelli, A. Giagounidis,
R. Schoch, N. Gattermann, G. Sanz, A. List, S.D. Gore, J.F. Seymour, J.M. Bennett,
J. Byrd, J. Backstrom, L. Zimmerman, D. McKenzie, C. Beach, L.R. Silverman,
Efficacy of azacitidine compared with that of conventional care regimens in the
treatment of higher-risk myelodysplastic syndromes: a randomised, open-label,
phase III study, Lancet Oncol. 10 (3) (2009) 223-232.

M. Lubbert, S. Suciu, L. Baila, B.H. Ruter, U. Platzbecker, A. Giagounidis,

D. Selleslag, B. Labar, U. Germing, H.R. Salih, F. Beeldens, P. Muus, K.H. Pfluger,
C. Coens, A. Hagemeijer, S.H. Eckart, A. Ganser, C. Aul, T. de Witte,

P.W. Wijermans, Low-dose decitabine versus best supportive care in elderly patients
with intermediate- or high-risk myelodysplastic syndrome (MDS) ineligible for in-
tensive chemotherapy: final results of the randomized phase III study of the
European Organisation for Research and Treatment of Cancer Leukemia Group and
the German MDS Study Group, J. Clin. Oncol. 29 (15) (2011) 1987-1996.

M. Tobiasson, D.P. McLornan, M. Karimi, M. Dimitriou, M. Jansson, A. Ben
Azenkoud, M. Jadersten, G. Lindberg, H. Abdulkadir, A. Kulasekararaj,

J. Ungerstedt, A. Lennartsson, K. Ekwall, G.J. Mufti, E. Hellstrom-Lindberg,
Mutations in histone modulators are associated with prolonged survival during
azacitidine therapy, Oncotarget 7 (16) (2016) 22103-22115.

H. Kantarjian, J.P. Issa, C.S. Rosenfeld, J.M. Bennett, M. Albitar, J. DiPersio,

V. Klimek, J. Slack, C. de Castro, F. Ravandi, R.R. Helmer, L. Shen, S.D. Nimer,
R. Leavitt, A. Raza, H. Saba, Decitabine improves patient outcomes in myelodys-
plastic syndromes: results of a phase III randomized study, Cancer 106 (8) (2006)
1794-1803.

L.R. Silverman, E.P. Demakos, B.L. Peterson, A.B. Kornblith, J.C. Holland,

R. Odchimar-Reissig, R.M. Stone, D. Nelson, B.L. Powell, C.M. DeCastro, J. Ellerton,
R.A. Larson, C.A. Schiffer, J.F. Holland, Randomized controlled trial of azacitidine
in patients with the myelodysplastic syndrome: a study of the cancer and leukemia
group B, J. Clin. Oncol. 20 (10) (2002) 2429-2440.

D.P. Steensma, M.R. Baer, J.L. Slack, B. Rena, L.A. Godley, G.M. Guillermo,

A. Mabher, J.S. Larsen, A. Sujata, M.T. Cullen, Multicenter study of decitabine ad-
ministered daily for 5 days every 4 weeks to adults with myelodysplastic

18

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Leukemia Research 80 (2019) 11-18

syndromes: the alternative dosing for outpatient treatment (ADOPT) trial, J. Clin.
Oncol. 27 (23) (2009) 3842-3848.

L. Je-Hwan, J. Jun Ho, P. Jinny, P. Seonyang, J. Young-Don, K. Yeo-Kyeoung,

K. Hoon-Gu, C. Chul Won, K. Sung-Hyun, P. Seong Kyu, A prospective multicenter
observational study of decitabine treatment in Korean patients with myelodys-
plastic syndrome, Haematologica 96 (10) (2011) 1441-1447.

M.T. Cedena, I. Rapado, A. Santos-Lozano, R. Ayala, E. Onecha, M. Abaigar,

E. Such, F. Ramos, J. Cervera, M. Diez-Campelo, G. Sanz, J.H. Rivas, A. Lucia,

J. Martinez-Lopez, M. Abaigar, Mutations in the DNA methylation pathway and
number of driver mutations predict response to azacitidine in myelodysplastic
syndromes, Oncotarget 8 (63) (2017) 106948-106961.

M. Cabezon, J. Bargay, B. Xicoy, O. Garcia, J. Borras, M. Tormo, S. Marce, C. Pedro,
D. Valcarcel, M.J. Jimenez, R. Guardia, L. Palomo, S. Brunet, F. Vall-Llovera,

A. Garcia, E. Feliu, L. Zamora, Impact of mutational studies on the diagnosis and the
outcome of high-risk myelodysplastic syndromes and secondary acute myeloid
leukemia patients treated with 5-azacytidine, Oncotarget 9 (27) (2018)
19342-19355.

A. Nazha, M. Narkhede, T. Radivoyevitch, D.J. Seastone, B.J. Patel, A.T. Gerds,

S. Mukherjee, M. Kalaycio, A. Advani, B. Przychodzen, H.E. Carraway,

J.P. Maciejewski, M.A. Sekeres, Incorporation of molecular data into the Revised
International Prognostic Scoring System in treated patients with myelodysplastic
syndromes, Leukemia 30 (11) (2016) 2214-2220.

H.A. Hou, C.H. Tsai, C.C. Lin, W.C. Chou, Y.Y. Kuo, C.Y. Liu, M.H. Tseng, Y.L. Peng,
M.C. Liu, C.W. Liu, Incorporation of mutations in five genes in the revised
International Prognostic Scoring System can improve risk stratification in the pa-
tients with myelodysplastic syndrome, Blood Cancer J. 8 (4) (2018) 39.

T. Haferlach, Y. Nagata, V. Grossmann, Y. Okuno, U. Bacher, G. Nagae,

S. Schnittger, M. Sanada, A. Kon, T. Alpermann, K. Yoshida, A. Roller, N. Nadarajah,
Y. Shiraishi, Y. Shiozawa, K. Chiba, H. Tanaka, H.P. Koeffler, H.U. Klein, M. Dugas,
H. Aburatani, A. Kohlmann, S. Miyano, C. Haferlach, W. Kern, S. Ogawa, Landscape
of genetic lesions in 944 patients with myelodysplastic syndromes, Leukemia 28 (2)
(2014) 241-247.

N. Gangat, M. Mudireddy, T.L. Lasho, C.M. Finke, M. Nicolosi, N. Szuber,

M.M. Patnaik, A. Pardanani, C.A. Hanson, R.P. Ketterling, Mutations and prognosis
in myelodysplastic syndromes: karyotype-adjusted analysis of targeted sequencing
in 300 consecutive cases and development of a genetic risk model, Am. J. Hematol.
(2018).

M.E. Figueroa, O. Abdel-Wahab, C. Lu, P.S. Ward, J. Patel, A. Shih, Y. Li,

N. Bhagwat, A. Vasanthakumar, H.F. Fernandez, Leukemic IDH1 and IDH2
Mutations Result in a Hypermethylation Phenotype, Disrupt TET2 Function, and
Impair Hematopoietic Differentiation, Cancer Cell 18 (6) (2010) 553-567.

R. Rampal, A. Alkalin, J. Madzo, A. Vasanthakumar, E. Pronier, J. Patel, Y. Li,

J. Ahn, O. Abdelwahab, A. Shih, DNA hydroxymethylation profiling reveals that
WT1 mutations result in loss of TET2 function in acute myeloid leukemia, Cell Rep.
9 (5) (2014) 1841-1855.

M. Ko, Y. Huang, A.M. Jankowska, U.J. Pape, M. Tahiliani, H.S. Bandukwala, J. An,
E.D. Lamperti, K.P. Koh, R. Ganetzky, X.S. Liu, L. Aravind, S. Agarwal,

J.P. Maciejewski, A. Rao, Impaired hydroxylation of 5-methylcytosine in myeloid
cancers with mutant TET2, Nature 468 (7325) (2010) 839-843.

M. Guillamot, L. Cimmino, I. Aifantis, The Impact of DNA Methylation in
Hematopoietic Malignancies, Trends Cancer 2 (2) (2016) 70-83.

M.J. Walter, L. Ding, D. Shen, J. Shao, M. Grillot, M. McLellan, R. Fulton,

H. Schmidt, J. Kalicki-Veizer, M. O’Laughlin, C. Kandoth, J. Baty, P. Westervelt,
J.F. DiPersio, E.R. Mardis, R.K. Wilson, T.J. Ley, T.A. Graubert, Recurrent DNMT3A
mutations in patients with myelodysplastic syndromes, Leukemia 25 (7) (2011)
1153-1158.

A.P. Im, A.R. Sehgal, M.P. Carroll, B.D. Smith, A. Tefferi, D.E. Johnson,

M. Boyiadzis, DNMT3A and IDH mutations in acute myeloid leukemia and other
myeloid malignancies: associations with prognosis and potential treatment strate-
gies, Leukemia 28 (9) (2014) 1774-1783.

S.L. Goldberg, E. Chen, M. Corral, A. Guo, N. Mody-Patel, A.L. Pecora, M. Laouri,
Incidence and clinical complications of myelodysplastic syndromes among United
States Medicare beneficiaries, J. Clin. Oncol. 28 (17) (2010) 2847-2852.

A'F. List, J. Vardiman, J.P. Issa, T.M. DeWitte, Myelodysplastic syndromes,
Hematology Am. Soc. Hematol. Educ. Program (2004) 297-317.

V. Santini, H.M. Kantarjian, J.P. Issa, Changes in DNA methylation in neoplasia:
pathophysiology and therapeutic implications, Ann. Intern. Med. 134 (7) (2001)
573-586.

M.T. Voso, E. Fabiani, A. Piciocchi, C. Matteucci, L. Brandimarte, C. Finelli,

E. Pogliani, E. Angelucci, G. Fioritoni, P. Musto, M. Greco, M. Criscuolo, L. Fianchi,
M. Vignetti, V. Santini, S. Hohaus, C. Mecucci, G. Leone, Role of BCL2L10 methy-
lation and TET2 mutations in higher risk myelodysplastic syndromes treated with 5-
azacytidine, Leukemia 25 (12) (2011) 1910-1913.

J.Y. Hong, J.Y. Seo, S.H. Kim, H.A. Jung, S. Park, K. Kim, C.W. Jung, J.S. Kim,
J.S. Park, H.J. Kim, J.H. Jang, Mutations in the spliceosomal machinery genes
SRSF2, U2AF1, and ZRSR2 and response to decitabine in myelodysplastic syn-
drome, Anticancer Res. 35 (5) (2015) 3081-3089.

C.-K. Chang, Y.-S. Zhao, F. Xu, J. Guo, Z. Zhang, Q. He, D. Wu, L.-Y. Wu, J.-Y. Su, L.-
X. Song, C. Xiao, X. Li, TP53 mutations predict decitabine-induced complete re-
sponses in patients with myelodysplastic syndromes, Brit. J. Haemato 176 (4)
(2017) 600-608.


http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0045
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0050
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0050
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0050
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0050
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0055
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0060
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0065
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0070
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0075
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0080
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0085
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0090
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0095
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0095
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0100
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0105
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0110
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0115
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0120
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0120
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0120
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0120
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0120
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0125
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0125
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0125
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0125
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0125
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0130
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0135
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0140
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0145
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0150
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0155
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0160
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0165
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0170
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0175
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0180
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0180
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0180
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0180
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0185
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0185
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0190
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0190
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0190
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0190
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0190
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0195
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0195
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0195
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0195
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0200
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0200
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0200
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0205
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0205
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0210
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0210
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0210
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0215
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0215
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0215
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0215
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0215
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0220
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0220
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0220
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0220
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0225
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0225
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0225
http://refhub.elsevier.com/S0145-2126(19)30039-6/sbref0225

	Mutations in the DNA methylation pathway predict clinical efficacy to hypomethylating agents in myelodysplastic syndromes: a meta-analysis
	Introduction
	Method
	Literature search
	Inclusion and exclusion
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study identification and selection
	Characteristics of included studies
	Quality assessment of included studies
	Outcome
	Primary outcome: Overall response rate (ORR)
	Secondary outcome: overall survival (OS)
	Other outcomes: Complete remission rate (CR)

	Sensitive analysis and publication bias

	Discussion
	Acknowledgments
	References




