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Summary
Myelodysplastic syndrome represents a heterogenous 
group of clonal diseases affecting the hematopoietic 
stem cells underlied by different somatic gene muta-
tions and/or altered epigenetic regulation induced by 
the disturbed microenvironment, as well as changes in 
the immune surveillance system. In many patients, the 
MDS is preceded by a period of non-clonal or clonal cy-
topenias of a non-clear significance that are determined 
by age-associated somatic mutations and increased 
leukemia risks resulting into a higher cellular prolifer-
ation, inefficient clonal growth, suppression of normal 
hematopoiesis, and, finally, into altered differentiation, 
thus causing accumulation of blast forms and a risk of 
evolving into acute leukemia. Substantial data on preva-
lence and impact of mutations on the prognosis in mye-
lodysplastic syndrome was accessed by multiple groups 
however the results of several published studies are con-
troversial. Thus we have performed an unconventional 
meta-analysis by accessing resulting confidence inter-
vals both by statistical means and by creating pulled 
database with available individual patient data. 12 
studies with 1238 patients were analyzed. The observed 

prevalence of mutations was the subject to significant 
variability (95%CI: ASXL1 13.6-29.8%; DNMT3A 7.3-
12.9%; EZH2 2.4-7.0%; U2AF1 3.7-13.8%; TET2 14.2-
32.5%; RUNX1 3.9-13.7%; TP53 4.7-15.2%; SRSF2 7.1-
28.1%; RAS 2.2-15,1%; SF3B1 4.4-12.2%; CBL 0.1-8.9%; 
None, 8.0-23.3%; р<0.0001). The analysis of response 
to hypomethylating agents revealed improved response 
in patients with TP53 (95% CI 49-55%, p=0.0003), 
TET2(95% CI 49-52%, p=0.0001) and SRSF2 (95% CI 
48-54%, p=0.0005)  mutations; however the survival 
was worse in TP53 mutated patients (95% CI 44-49%, 
p=0.002) and better in SF3B1 mutated disease (95% CI 
47-54%, p=0.01). The magnitude of difference was less 
than previously reported. The study confirmed the pre-
vious reports on the impact of TP53, TET2 and SF3B1 
mutations on prognosis. Further studies on the potential 
prognostic markers are required, especially in patients 
with absence of conventional mutations.
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Introduction
Myelodysplastic syndrome (MDS) is a heterogeneous group 
of clonal diseases with abnormalities in hematopoietic stem 
cells, which is based on somatic mutations of various genes 
and/or alterations in epigenetic regulation induced by dis-
turbance of the microenvironment, as well as disturbances in 
the immune system of antitumor surveillance.

In many patients, the development of MDS is preceded by a 
period of non-clonal or clonal cytopenia of an unclear sig-
nificance, which is induced by somatic mutations associated 
with age and an increased risk of leukemia. This results in 
increased proliferation, inefficiency of clonal hematopoiesis 
and suppression of normal hematopoiesis, and in advanced 
stages in an abrogation of differentiation, accumulation of 
blasts and the risk of transformation into acute leukemia.
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The incidence of MDS increases markedly with age and the 
disease is most prevalent in individuals who are white and 
male. It is conservatively estimated that >10,000 new cases 
of MDS occur annually, and that ≥60,000 individuals with 
MDS currently reside in the United States [1].

Recent studies have provided consistent evidence of age-re-
lated hematopoietic clones (clonal hematopoiesis of indeter-
minate potential; CHIP) [2], driven by mutations of genes 
that are recurrently mutated in myeloid neoplasms and as-
sociated with increase in the risk of hematologic cancer. Al-
though several issues remain to be clarified, targeted gene se-
quencing may be of potential value in the dissection between 
clonal myelodysplasia, nonclonal cytopenia, and clonal he-
matopoiesis arising upon aging or in the context of acquired 
marrow failure [3].

A distinctive feature of both MDS and a number of related 
diseases (MDS/myeloproliferative tumors, secondary acute 
myeloid leukemia) is an alteration in DNA methylation pro-
cesses [4]. Currently, hypomethylating agents (HMA: 5-aza-
cytidine and decitabine) are the only approved medications 
for the treatment of MDS [5, 6], but only 40-50% of patients 
respond to therapy [7]. Though there is relatively favorable 
cytogenetic subset of patients bearing 5q deletion with high 
initial response rate to lenalidomide, 35% of them will not 
respond to or do not tolerate the drug. Moreover, most of 
these patients will lose their response after a few years, re-
quiring switching to HMA as one of further treatment op-
tions [8].

Existing prognostic factors regarding survival and the likeli-
hood of response to therapy are based largely on the results of 
morphological and cytogenetic studies [9]. At the moment, 
their predictive power is insufficient to make a clinical deci-
sion regarding the rationale for therapy with HMA [10]. In 
connection with these problems, the search for biomarkers, 
which have prognostic significance with respect to survival 
and individual response to treatment, is ongoing.

The use of modern tools of genome research allowed taking 
a fresh look at the pathogenesis of MDS and related diseas-
es. Genes involved in both methylation and other metabolic 
pathways are often mutated with MDS [11]. At the moment, 
a number of works have been published that analyze the mu-
tational status of the main genes involved in the pathogenesis 
of MDS and their predictive value in the context of response 
to therapy and overall survival.

The main goal of our study was to compare the data on the 
frequency of mutations in different populations of patients 
with MDS. We also conducted a meta-analysis combining 
data from available studies to systematically assess the im-
pact of mutation status on response and survival.

Materials and methods
Data collection
The electronic literature search was conducted in the Pub-
Med and Cochrane database. Studies were selected if they 
enrolled patients with various forms of MDS, as well as 
MDS/myeloproliferative tumors, which underwent first-line 
therapy with hypomethylating agents. An additional prereq-
uisite was the fact that these studies performed full-genomic 
or full-exome sequencing in order to identify somatic muta-
tions having prognostic significance with respect to overall 
survival and/or response to therapy. The search terms were 
“myelodysplastic syndrome” “sequencing” “patients” and 
“azacitidine”/”decitabine”. Only articles in English were in-
cluded in the analysis (Fig. 1). According to these criteria, 
12 original articles were selected (Table 1), from which pri-
mary data were extracted, which served as the basis for the 
combined database of this study. Mutation frequencies in 
the following genes were included in the combined database: 
ASXL1, DNMT3A, EZH2, U2AF1, TET2, RUNX1, TP53, 
SRSF2, RAS, SF3B1, CBL (Table 2). 

Table 1.The list of studies used for data analysis

Study (Ref. No. in parentheses) Link

Study 1 Korea, Jung SH et al. [15] https://www.ncbi.nlm.nih.gov/pubmed/27419369

Study 2 Sweden, UK, Tobiasson M et al. [16] https://www.ncbi.nlm.nih.gov/pubmed/26959885

Study 3 USA, Japan, Takahashi K et al. [17] https://www.ncbi.nlm.nih.gov/pubmed/26871476

Study 4 USA, Bejar R et al. [10] https://www.ncbi.nlm.nih.gov/pubmed/25224413

Study 5 USA, Brazil, Traina F et al. [13] https://www.ncbi.nlm.nih.gov/pubmed/24045501

Study 6 France, Australia, USA, Japan, Merlevede J et al. [18] https://www.ncbi.nlm.nih.gov/pubmed/26908133

Study 7 USA, Australia,UK, Sweden, Unnikrishnan A et al. [19] https://www.ncbi.nlm.nih.gov/pubmed/28723562

Study 8 USA, Bejar R et al. [14] https://www.ncbi.nlm.nih.gov/pubmed/22869879

Study 9 China, Chang CK et al. [20] https://www.ncbi.nlm.nih.gov/pubmed/27984642

Study 10 USA, France, Italy, Meldi K et al. [21] https://www.ncbi.nlm.nih.gov/pubmed/25822018

Study 11 USA, Welch JS et al. [11] https://www.ncbi.nlm.nih.gov/pubmed/27959731

Study 12 Czech Republic, Polgarova K et al. [22] https://www.ncbi.nlm.nih.gov/pubmed/29340104
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Table 2. Number of patients in whom the gene
mutations were analyzed

Genes Number of patients

ASXL1 938

DNMT3A 921

EZH2 730

U2AF1 538

TET2 917

RUNX1 636

TP53 738

SRSF2 820

RAS 735

SF3B1 896

CBL 515

None (no mutations) 551

Overall patients in all studies 1238

Statistical analysis
The meta-analysis included the studies with available indi-
vidual mutational status along with response to HMA and/
or survival data. Based on this information a surrogate table 
was re-created with nominal variables. The interstudy differ-
ence in the prevalence of mutations as well as the response 
to therapy was analyzed with chi-square test based on the 
created surrogate tables. The survival variable was treated as 
logical and non-time dependent due to absence of individual 
time data. Confidence intervals for the incidence of muta-
tions were calculated based on individual incidences in the 
studies with random effect model. The confidence intervals 
for response and survival were produced based on mixed 
models. The heterogeneity between studies was assessed 
with Cochran’s Q test with n degrees of freedom. The studies 
with lees then ten patients per mutation were excluded from 
the heterogeneity analysis. The analysis was performed in 
SAS 9.3. The significance for all tests was set at 0.05.

Results
Frequency of mutations in the studied
population
We observed a statistically significant difference in the fre-
quencies of all the mutations studied, depending on the study 
population (for specific studies see Fig. 1). Mean frequency 
and 95%CI for each mutation were as follows: ASXL1 22.5% 
(13.6-29.8%); DNMT3A 10.7% (7.3-12.9%); EZH2 5.3% 
(2.4-7.0%); U2AF1 9.5% (3.7-13.8%); TET2 21.3% (14.2-
32.5%); RUNX1 9.1% (3.9-13.7%); TP53 9.4% (4.7-15.2%); 
SRSF2 13.6% (7.1-28.1%); RAS 4.9% (2.2-15.1%); SF3B1 
12.0% (4.4-12.2%); CBL 3.2% (0.1-8.9%); None 18.2% (8.0-
23.3%); р<0.0001.

Figure 2. The inter-study differences for the incidence 
of mutations.
The dots represent incidence of mutations in different studies 
(see Table 1). The p-values are based on results of Hi-square 
testing of inter-study differences for distinct mutation fre-
quencies. The blue band is the 95% confidence confidence inter-
val for appropriate incidence rates

Response to HMA and overall survival
associated with presence of specific mutations
The simulation of common incidence table across studies 
demonstrated a statistically significant effect on the fre-
quency of response to therapy for mutations in ASXL1, 
DNMT3A, TET2, RUNX1, TP53, SRSF2, SF3B1 genes and 
for patients without corresponding mutations (Fig. 3A, 4A). 
Mean response rates and 95%CI for each mutation were: 
ASXL1 50.2% (48.8-51.6%); DNMT3A 50.4% (48.3-52.5%); 
EZH2 49.6% (47.3-51.9%); U2AF1 49.7% (48.2-51.2%); 
TET2 50.6% (49.3-51.9%); RUNX1 49.6% (47.8-51.4%); 
TP53 52.0% (48.7-55.2%); SRSF2 51.0% (48.5-53.6%); RAS 
50.9% (36.9-64.7%); SF3B1 50.3% (48.5-52.1%); CBL 49.0% 
(44.9-53.1%); None, 50.3% (47.7-52.8%).

A statistically significant effect on the level of survival for 
mutations in the genes ASXL1, DNMT3A, EZH2, U2AF1, 
TET2, RUNX1, TP53, SF3B1, CBL was revealed (Fig. 3B, 4B). 
Mean overall survival and 95%CI for each mutation were: 
ASXL1 49.5% (47.2-51.8%); DNMT3A 48.7% (45.6-51.9%); 
EZH2 49.1% (42.9-55.5%); U2AF1 49.0% (43.0-55.1%); 

Figure 1. The diagram of the search process

52 studies identified

6 studies in the other languages

10 reviews

5 preclinical research

1 meta-analysis

18 no full-exome/genome or 
another field of research

12 studies included in the analysis
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Figure 3. Frequency of response to the HMA therapy 
(A) and overall survival (B) for different mutations ac-
cording to significance level.
A. Response to therapy. B. Overall survival. The X axis is the 
proportion of patients responding (alive). The Y axis is the sig-
nificance of differences (alpha) compared to the other patients. 
The size of the bubble represents the incidence of the mutation.

TET2 48.8% (46.7-51.0%); RUNX1 49.0% (45.9-52.1%); 
TP53 46.8% (44.0-49.7%); SRSF2 51.3% (43.5-59.0%); SF3B1 
50.4% (47.0-53.8%); CBL 48.7% (45.5-51.8); None, 52.6% 
(10.0-91.7%).

However, the magnitude of difference both in response and 
in survival was relatively modest. For example, the mean OS 
for DMT3A and TET2 were 48.7% and 48.8%, respective-
ly. Another example of close incidences of responses: 52.0% 
and 50.2% for patients with TP53 and TET2 mutations, re-
spectively. 

Mutations in CBL, EZH2, U2AF1, RAS genes didn’t produce 
any significant effect on response rate as well as there was no 
significant impact on survival observed for SRSF2 mutation 
and in patients without any corresponding mutations.

Fig. 4 contains the forest plot showing mean effects of differ-
ent gene mutations upon drug response, overall survival, and 
appropriate confidence intervals.

Discussion
The identification of MDS patients with a high probability of 
response to HMA therapy remains an important and unre-
solved clinical task. From the available data, it is known that 
the presence of a number of somatic mutations can affect 
the response rates to therapy and the level of overall survival 
[12]. Mutations in the TET2, DNMT3A, TP53 genes were re-
ported to be associated with a high probability of response to 
HMA [13, 14, 15]. At the same time, mutations in the EZH2 
and TP53 genes are associated with a lower level of overall 
survival [11, 13]. However these findings are not confirmed 
in the other studies [11, 15]. Thus it is crucial to understand 
the reasons behind the variability of results. 

In this study we summarized the results of 12 studies with 
whole exome/genome sequencing in MDS [10, 11, 13-22]. 
The main difference in this meta-analysis is the availabili-
ty of individual patient data, thus we have not merged the 
confidence intervals and response rates, but re-created the 
interstudy database with mutations, response to therapy and 
survival. This approach allowed calculating very precise in-
cidence of the mutations and confidence intervals on more 
than one thousand patients. The obvious weakness of the 
study is the absence of clinical risk stratification, longitudi-
nal follow-up as well as duration and depth of the response.

One of the first important conclusions of this study is the sig-
nificant heterogeneity in the incidence of mutations across 
studies. On the one hand, this might be due to heterogeneity 
in the age, gender, risk of the disease and high percentage 
of chronic myelomonocytic leukemia in several studies [18, 
21]. On the other hand, the 2012 World Health Organiza-
tion survey, revealed substantial difference in the incidence 
of blood cancer across the globe [23]. Thus the observed dif-
ference might be not only due to different inclusion criteria, 
but also due to variable prevalent biology of MDS in different 
ethnicities. 

The other surprising finding was that despite significant dif-
ferences in response and survival due to substantial num-
ber of patients in the analysis, the magnitude of difference 
was very modest almost for all of the mutations. The first 
studies identified significant impact of TET2 mutations 
on survival or response to therapy [24, 25], however after 
the accumulation of data in the other meta-analysis it was 
demonstrated that it is not a significant factor for response 
and survival [26]. The only exception found is the p53 mu-
tation that has better primary response to therapy [11, 20], 
however it adversely affects survival compared to the other 
mutations, where despite lower response rates the survival 
was better. The study confirms the extremely negative impact 
of mutated p53 on prognosis that might not even be correct-
ed by stem cell transplantation [27, 28]. Another finding is 
improved survival in the SF3B1 mutation cohort, however 
as with other mutations the magnitude of the difference was 
modest compared to the previous studies [29].

Despite the trend towards a lower frequency of responses in 
the presence of RUNX1 mutation, these data require further 
detailed testing, and it should be emphasized that no mu-
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Figure 4. Forest plot of survival and response to HMA with 95% confidence intervals
Left panel shows response to hypomethylating agents, right panel, overall survival of patients. The confidence intervals are produced 
in the mixed modeling of the outcomes from individual studies weighted by the number of patients. The size of the marker represents 
the number of patients in the sub-groups. *The p-value is from the Cochran’s Q test for the heterogeneity between studies.
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tation associated solely with the lack of response to HMA 
therapy is currently known, which would allow discussion 
of the inadvisability of this type of treatment when clinically 
indicated [11].

The observed confidence intervals of response to hypometh-
ylating agents were comparable to the literature data of 40-
50% [30, 31], with little variance due to mutational status, 
which raises the question, whether the mutational status is 
a good prognostic factor. On the other hand the clinical risk 
scales have a very good predictive power in terms of survival 
[29]. And the drawback of this study, as well as in every me-
ta-analysis, was the absence of individual clinical prognostic 
features, thus the correction for clinical co-variables could 
not be made. With these co-variables the results of the study 
could be significantly different. This demonstrates the need 
for international cooperation and joining both the sequenc-
ing and clinical data from different institutions. This type of 
activity could have provided further understanding of MDS 
and the approaches to treat it. 

The interesting group in this study was patients without mu-
tations determined with sequencing. Interestingly, though 
they had the response rate around median, the survival of 
these patients was much more heterogenic then in the known 
mutations groups. It demonstrates that this is also a hetero-
genic group with variable prognosis. The underlining mecha-
nisms are still to be determined. The most promising approach 

is further elucidation of microenvironment disturbances and 
changes in miRNA signaling that lead to MDS [32]. 

In conclusion, the study demonstrated, though significant, 
but moderate impact of mutations in patients with MDS on 
response to HMA. Further cooperative studies with sharing 
the clinical and sequencing data are required to understand 
MDS pathophysiology and approaches to treatment. 
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Мета-анализ исследований с помощью 
геномного секвенирования пациентов 
с миелодиспластическим синдромом, получающих 
терапию гипометилирующими агентами 

Резюме
Миелодиспластический синдром (МДС) представ-
ляет собой гетерогенную группу клональных забо-
леваний с поражением гемопоэтической стволовой 
клетки крови, в основе которых лежат соматические 
мутации различных генов и/или эпигенетической 
регуляции, индуцированной нарушением микроо-
кружения, а также нарушения в иммунной системе 
противоопухолевого надзора. У многих пациентов 
развитию МДС предшествует период неклональных 
или клональных цитопений неясного значения, что 
обусловлено появлением соматических мутаций, 
ассоциированных с возрастом и повышенной ве-
роятностью развития лейкоза. Результатом этого 
является увеличение пролиферации, нарастанием 
неэффективности клонального и угнетением нор-
мального гемопоэза и, на конечных этапах, нару-
шением дифференцировки, что приводит к нако-
плению бластов и риску трансформации в острый 
лейкоз. Значительные данные о распространенно-
сти и воздействии мутаций на прогноз при мие-
лодиспластическом синдроме были получены раз-
личными группами, однако результаты во многих 
случаях противоречивы. В связи с этим мы прове-
ли метаанализ с объединением доступных данных. 
Было проанализировано 12 исследований с общим 
количеством пациентов – 1238. Наблюдалась значи-

тельная вариабельность в распространенности му-
таций между исследованиями (95% ДИ: ASXL1 13,6-
29,8%, DNMT3A 7,3-12,9%, EZH2 2,4-7,0%, U2AF1 
3,7-13,8%, TET2 14,2-32,5%, RUNX1 3,9-13,7%, TP53 
4,7-15,2%, SRSF2 7,1-28,1%, RAS 2,2-15,1%, SF3B1 4,4-
12,2%, CBL 0,1-8,9%, нет 8,0-23,3%, р<0,0001). Анализ 
эффективности гипометилирующих препаратов по-
казал более высокий ответ у пациентов с мутациями 
TP53 (95% CI 49-55%, p=0.0003), TET2 (95% CI  49-
52%, p=0.0001) и SRSF2 (95% CI 48-54%, p=0.0005), 
однако выживаемость была хуже у пациентов cму-
тированным TP53 (95% CI 44-49%, p=0.002) и луч-
ше в случае мутации SF3B1 (95% CI 47-54%, p=0.01). 
Величина различий была меньше, чем сообщалось 
ранее. Исследование подтвердило предыдущие со-
общения о влиянии мутации p53, tet2 и sf3b1 на 
прогноз. Дальнейшие исследования потенциальных 
прогностических маркеров необходимы при вари-
антах МДС без общепризнанных мутаций.  
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мутации, ответ на терапию, мета-анализ, гипомети-
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