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Abstract
The use of hypomethylating agents (HMAs) prior to hematopoietic stem cell transplantation (HSCT) in patients with
myelodysplastic syndromes (MDS) was still controversial. Therefore, we sought to evaluate the impact of hypomethylation
therapy before HSCT, with a special focus on long-term outcome. Databases, including PubMed, Embase Ovid, and the
Cochrane Library, were searched for studies published up to 4 November 2018. Overall survival (OS) was selected as the
primary endpoint, and relapse-free survival (RFS) was the secondary endpoint. A total of 6 cohort studies were included in
the final meta-analysis. Our results showed that the outcome of patients with MDS using HMAs prior to HSCT was similar
compared to those who did not with OS (HR = 0.81, 95% CI 0.63–1.04, p = 0.104) and RFS (HR = 0.96, 95% CI 0.72–1.26, p =
0.749). The pooled HR of OS in the older patients was 0.75 (95% CI 0.57–0.98, p = 0.035). No evidence showed that patients
with MDS will benefit from using HMAs before HSCT in long-term survival (OS and RFS) compared to chemotherapy or best
supportive therapy, though older patients were more likely to benefit from pre-transplantation HMAs treatment in terms of long-
term survival. Our conclusions await further validation by prospective studies with larger sample size and randomized-controlled
design. Particularly, to clarify whether the older patients who are candidates for HSCTcould benefit from this bridging treatment
will be of great interest.
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Introduction

Myelodysplastic syndrome (MDS) is a clonal hematopoietic
disease characterized by ineffective hematopoiesis, cytopenia,
and a tendency to transform to acute myeloid leukemia. MDS
is also a group of diseases with such a high heterogenicity that
its clinical manifestation can range from moderate single lin-
eage cytopenia (i.e., anemia, thrombocytopenia, or

leukopenia), to transfusion dependence, pancytopenia, and
even rapid progression to acute myeloid leukemia. Over the
past decade, DNA sequencing established that MDS arise
through the sequential acquisition of somatic mutations in a
set of recurrently involved genes. These driver genes can be
divided into several categories, including RNA splicing fac-
tors, epigenetic regulators, cohesin components, transcription
factors, the DNA damage response, signal transduction mol-
ecules, and the P53 pathway [1]. It has been proved that mu-
tations of epigenetic modulation genes, such as DNMT3,
TET2, and IDH1/2, contribute to both local and genome-
wide hypermethylation of DNA, which underlie the evolution
of ineffective hematopoiesis and clonal hematopoiesis.
Hypomethylating agents (HMAs), including azacytidine
(AZA) and decitabine (DAC), inhibit the activity of DNA
methyltransferases (DNMTs) and reduce DNA hypermethyla-
tion. Additionally, AZA can also insert into RNA to interfere
with the metabolism of malignant clones. Hypomethylation
therapy is a standard treatment for MDS in the intermediate-
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and high-risk groups. The complete remission (CR) rate (with
or without complete recovery of peripheral-blood counts) after
HMA induction therapy typically ranged from 20 to 35% [2].

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is currently the only cure for MDS, with an overall
survival (OS) rate ranging from 30 to 52%, a disease-free
survival (DFS) rate ranging from 16 to 50%, and a
treatment-related mortality (TRM) rate at 3 years after alloge-
neic HSCT ranging from 10 to 50% [3–8]. Two studies dem-
onstrated the feasibility of administering decitabine prior to
allo-HSCT in 2009 [9, 10]. In addition, there were studies
showing that hypomethylation treatment improved patients’
prognoses [11–17]. However, the role of hypomethylation
therapy before HSCT has also been questioned. Some believe
that hypomethylation treatment might merely screen out pa-
tients with lower risk and better response to proceed with
HSCT, since patients who failed the hypomethylation therapy
often had more risk factors, such as TP53 mutations and com-
plex chromosomal abnormalities, combined with myelofibro-
sis and older age. Whether patients with MDS would benefit
from hypomethylation therapy before transplantation has
remained controversial. Therefore, this study aimed at evalu-
ating the impact of hypomethylation therapy before HSCT,
focusing on long-term outcomes of patients by comprehen-
sively collecting clinical studies on hypomethylation therapy
in such clinical settings.

Materials and methods

Data sources and searches

We performed a comprehensive search using several data-
bases: PubMed, Embase Ovid, and the Cochrane Library
(from database inception through November 4, 2018). Our
comprehensive search strategy is seen in the supplement
(Supplementary Table 1A, Table 1B and Table 1C). We iden-
tified articles eligible for further review by screening abstracts
and titles. Full texts of articles were obtained and reviewed for
relevant studies. The protocol for this meta-analysis is avail-
able in PROSPERO (CRD42018116052).

Inclusion and exclusion

We included only those studies that met the following criteria:
(1) the study focused on the prognostic impact of administer-
ing HMAs to MDS patients before HSCT; (2) the study pro-
vided sufficient survival data, at least on overall survival (OS);
(3) the hazard ratio (HR) and its 95% confidence interval
(95% CI) were directly reported or could be calculated from
original data; (4) the study was published as a full-text article
in English; (5) the study included human subjects; and (6) the
article was not a review, case report, or animal study. If the

same or overlapping data were presented in multiple studies,
only the most recent or the highest-quality study was included.
Disagreements were resolved by discussion.

Data extraction and outcome measures

Two reviewers independently extracted relevant information
from each eligible study and input it into a spreadsheet. The
data included the first author’s name, year of publication,
country of origin, inclusion period, number of patients, age,
HMA category, MDS subtype, criteria for classification of
MDS, bone marrow blast count, and distribution of the
International Prognostic Scoring System (IPSS) score, human
leukocyte antigen (HLA) match status, stem cell source, and
conditioning regimen.We selected overall survival (OS) as the
primary endpoint and relapse-free survival (RFS) as the sec-
ondary endpoint. OS was defined as the time between trans-
plantation and death or last follow-up for patients alive. RFS
was defined as time interval between transplantation and first
relapse or death without relapse, or last follow-up for patients
alive in CR. Non-relapse mortality (NRM) was defined as
death resulting from the transplantation procedure but without
evidence of relapse. When HR was not reported, we tried to
contact the author to obtain it or used the method reported
before to calculate it [18].

Quality assessment

The methodological quality of each included study was inde-
pendently evaluated by two reviewers. We assessed the qual-
ity of cohort studies by applying the Newcastle-Ottawa scale
(NOS). The NOS sums up to nine points, including selection
(four points), comparability (two points), and exposure or out-
come (three points) [19]. Studies that scored six or more
points were regarded as high quality [19] and eligible for our
study. Divergences were resolved by discussion.

Statistical analysis

Calculations were carried out in Stata version 12.0 software
(Stata Corp, College Station, TX, USA). The effects of admin-
istering HMAs on OS, RFS, and NRM were evaluated by
calculating the combined HRs and their 95% CIs with the
generic inverse variance method. A P value less than 0.05
was considered to be statistically significant. The chi-
squared test was used to evaluate the heterogeneity of the
studies, with the P value of less than 0.10 being significant.
We used I2 statistic to quantify heterogeneity. For an I2 value
of less than 25%, between 25 and 50%, and greater than 50%,
the heterogeneity was considered to be low, moderate, and
high, respectively. If a high degree of heterogeneity was de-
tected, the random effect model was used; otherwise, the
meta-analysis was performed using the fixed effect model.
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We also analyzed the source of heterogeneity by subgroup
analysis. Sensitivity analysis was used to assess the stability
of the pooled results by sequential omission of one study at a
time. Publication bias was evaluated using funnel plots,
Begg’s test, and Egger’s test [20].

Results

Search results

As shown in Fig. 1 (flow diagram of study selection), 3872
studies were searched from the databases. Three articles were
added to the analysis by reference search. After excluding
1158 duplicates, 2717 citations were reviewed by screening
the titles and abstracts; of those, 2626 citations were then
excluded for irrelevant subjects or irrelevant study types. A
total of 91 studies were left for full text review. Among these,
18 studies were excluded as meeting abstracts, and 74 studies
were further excluded because of insufficient data or irrelevant
outcomes. Six studies [21–26] were eventually included in the
meta-analysis (see Fig. 1) (flow diagram of study selection).

Characteristics of included studies

The characteristics of the included studies are listed in Table 1.
All these studies were retrospective cohort studies and were

published between 2010 and 2016. Two studies were based in
the USA, and one each was based in France, Japan, Korea,
and Europe. All studies reported the effect of HMAs on OS.
Five studies described RFS. Three studies reported the effect
of HMAs on NRM. NOS score details are shown in
Supplementary Table 2.

Clinical characteristics of patients

The total number of patients was 635, among which 278 were
administered HMAs before HSCT. In all the included studies,
except for one study in which patients received either AZA or
DAC, AZA was the only HMA administered before HSCT.
The IPSS score of the HMA group was also higher than that of
the control group. Treatments in the control group included
chemotherapy (both intensive chemotherapy (IC) [22] and
conventional chemotherapy (CC) [26]) and the best support-
ive care (BSC) [24, 25]. Treatments in the other two control
groups were any treatments other than HMA treatments [21,
23]. Six studies were retrospective studies. The rationale for
treatment decision was not clearly stated in most of the articles
included in this study. The only exception was Kim et al. [23],
where the decision was based on clinical conditions and phy-
sician’s judgment. However, according to the comparison of
patient characteristics in six studies, five of those studies
showed that the age of the 5-AZA group was higher than that
of the control group (P < 0.05). In the case of patients

Fig. 1 Flow diagram of study selection
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unsuitable for other chemotherapy and supportive treatment,
the 5-AZA treatment may be safer, which could gain valuable
time for pre-transplant preparations (seeking donors and eco-
nomic support, etc.).

Analysis of outcomes

As shown in Fig. 2 (forest plots of pooled HR and 95% CIs
for OS assessing the use of HMAs prior to HSCT), all cohort
studies compared the effects of administering HMAs before
HSCT on OS in patients with MDS. Our results showed that
administration of HMAs before HSCT did not improve the
OS (HR = 0.81, 95% CI, 0.63–1.04, P = 0.104), with a low
heterogeneity among studies (I2 = 0%, P = 0.610). Five stud-
ies reported RFS data on 526 patients, among which 197
patients received HMA treatment before HSCT. The com-
bined HR of RFS was 0.96 (95% CI, 0.72–1.26, P = 0.749),
with a moderate heterogeneity among studies (I2 = 0%, P =
0.883) in patients in the HMA group compared with the
control group (Supplementary Fig. 1), indicating that there
was no improvement in RFS after administering HMAs be-
fore HSCT in MDS patients. The pooled HR for NRM was
0.79 (95% CI, 0.50–1.36, P = 0.452), with no heterogeneity
among studies ( I2 = 0%, P = 0.524), showing no additional
risk of mortality for administration of HMAs before HSCT
(Supplementary Fig. 2).

Patients in the HMA group were older than the HMA-free
patients in five studies (P < 0.05). The pooled HR of OS was
0.75 (95% CI, 0.57–0.98, P = 0.035, I2 = 0%), indicating that
the older patients were more likely to benefit from pre-
transplantation HMA treatment in terms of long-term surviv-
al (Fig. 3) (forest plots of pooled HR and 95% CIs for OS
assessing the use of HMAs prior to HSCT in older patients).

However, the pooled HR of RFS in the older patients was
0.90 (95% CI, 0.67–1.22, P = 0.509, I2 = 0%), showing no
benefi t f rom pre-t ransplantat ion HMA treatment
(Supplementary Fig. 3).

Sensitivity analysis and publication bias

The sensitivity analysis was done by removing each study on
pooled HRs of OS and RFS. The results showed that individ-
ual studies had no significant effect on the combined HR of
OS (Supplementary Fig. 4A) or RFS (Supplementary
Fig. 4B). In the funnel plots of OS (Supplementary Fig. 5A)
and RFS (Supplementary Fig. 5A), the included studies
showed no significant publication bias. The Begg’s test and
Egger’s test showed no publication bias on OS (P = 0.060 for
the Begg’s test and P = 0.177 for the Egger’s test) or RFS (P =
0.806 for the Begg’s test and P = 0.575 for the Egger’s test)
either.

Discussion

In this study, we systematically analyzed all the currently
available clinical studies on administering HMAs prior to
allo-HSCT. Our results showed that patients with MDS who
subsequently received HSCT did not further benefit from
bridging treatment with HMAs. The major prognostic indica-
tors (OS and RFS) after transplantation were not significantly
improved in these patients compared to the HMA-naive pa-
tients (those who received BSC, CC, or IC instead). In terms
of safety profile, the incidence of NRM in the HMA group
was similar to that of the control group.

Fig. 2 Forest plots of pooled HR
and 95%CIs for OS assessing the
use of HMAs prior to HSCT
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Patients aged from 60 to 75 constituted the majority of
MDS patients. In a subgroup analysis, we found that for the
older patient populations (≥ 60 years), administration of
HMAs as a bridging treatment prior to HSCT could prolong
patients’ OS, but not RFS. Allogeneic HSCT remained the
only option for a cure. Because of significant bone marrow
suppression and the unreasonably high risk of early death,
chemotherapy apparently was not the best bridging treatment
for this group of patients. Even though MDS could not be
cured by HMA treatment, the advent of hypomethylation
treatment allowed patients to achieve a better response, as
evidenced by stable blood counts, blood transfusion indepen-
dence, and an acceptable safety profile [11, 27, 28]. In this
sense, hypomethylation treatment was conducive to HSCT, in
that it could gain valuable time for pre-transplant preparations
(seeking donors and economic support, etc.). The transplant
mode of the reduce-intensity pre-treatment regimen (e.g.,
HMAs) might be more suitable for the aged patients.
Therefore, it was necessary to control the disease by adminis-
tering HMAs as a bridging treatment until a suitable stem cell
donor was found and comorbidities were well controlled in
most cases.

TP53 mutations and complex karyotype were more
common in the older patients. TP53 mutations and/or
complex karyotypes with multiple autosomal monomers
had a high rate of poor response to chemotherapy alone
for these patients [29–33]. However, several studies have
shown that patients with MDS/AML with TP53 mutations
and/or complex karyotypes had a good initial response
rate to HMAs [17, 34, 35]. This suggests that administer-
ing HMAs prior to allo-HSCT might be particularly effec-
tive in patients with MDS or AML with complex karyo-
types and/or TP53 mutations.

Disease status prior to transplantation remains a big con-
cern for clinicians. Among the six studies, one [26] analyzed
OS and RFS in patients with CR and those with primary
refractory disease and found that the HR for OS was 2.93
(95% CI, 1.63–5.27; P < .001), while the HR for RFS was
2.56 (95%CI, 1.48–4.45; P = 001). However, two studies [23,
25] that compared AZA responders with non-responders
found no significant difference between OS and RFS. One
study [24] showed no significant difference in OS and RFS
between respondents and non-responders in all HSCT pa-
tients. The incomplete data of all six studies made a compar-
ison via data pooling impossible here. However, a more recent
prospective study showed benefits in administering AZA prior
to transplant if the patients achieved a CR [36]. Moreover,
some studies also showed benefits of administering chemo-
therapy prior to transplant if the patients achieved a CR [3,
37]. According to the study of Voso et al. [36], 54 patients
(56% of all 97 patients) received an allogeneic HSCT after a
median of five cycles of AZA. Among them, 24 of the 54
patients (44%) were in CR at the time of HSCT. But in our
paper, since all six studies focused on patients who received
HSCT, it is unclear howmany patients failed to undergo trans-
plantation due to disease progression or HMAs/chemotherapy
treatment-related mortality.

This study also had some limitations. First, outcomes ob-
tained from some of the eligible studies were calculated by
univariate analysis only, while the others were analyzed by the
multivariate Cox proportional hazard model; this might ac-
count for the methodological heterogeneity across the six
studies. Second, the number of participants included in the
eligible studies was small, which made performing some sub-
group analysis impossible. Again, there were many clinical
heterogeneities among the studies, such as the types of

Fig. 3 Forest plots of pooled HR
and 95%CIs for OS assessing the
use of HMAs prior to HSCT in
older patients
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HMAs (AZAversus DAC), the treatments applied in the con-
trol group (from BSC to CC or IC), age and gender distribu-
tions of patients, MDS subtypes, HLA disparities, and differ-
ences in conditioning regimens and lengths of follow-up, any
of which might have influenced the clinical outcomes.

In summary, our meta-analysis showed that administering
HMAs as a bridging therapy in patients with MDS prior to
HSCT did not jeopardize the curative effect of HSCTas far as
the long-term outcomes (i.e., OS, RFS, and NRM) were con-
cerned. For the older patients who underwent HSCT, HMA
bridging treatment appeared to improve their long-term sur-
vival rates. However, due to the limitations of the original
studies, our conclusions await further validation by prospec-
tive studies with larger sample sizes and randomized-
controlled designs. In particular, clarifying whether older pa-
tients who are candidates for HSCT would benefit from this
bridging treatment would be of great interest.
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