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Abstract \\\
Background: Gene mutations with important prognostic role have been identified in patients with myelodysplastic syndrome |
(MDS). We performed a meta-analysis to investigate the effects of RNA splicing machinery gene mutations on prognosis of MDS
patients.

Methods: \We searched English database including PubMed, Embase, Cochrane Library for literatures published within recent
10 years on the effect of RNA splicing machinery genes in MDS. Revman version 5.2 software was used for all the statistical
processing. We calculated risk ratio and 95% confidence interval (Cl) of continuous variables, and find hazard ratio (HR) and 95% Cl
of time-to-event data.

Results: We included 19 studies enrolling 4320 patients. There is a significant superior overall survival (OS) in splicing factor 3b,
subunit 1 (SF3B1)-mutation group compared to unmutated group (HR=0.58, 95% CI: 0.5-0.67, P<.00001); OS decreased
significantly in serine/arginine-rich splicing factor 2/ U2 auxiliary factor protein 1 (SRSF2/U2AF1) mutation group compared to
unmutated group, (HR=1.62, 95% CI: 1.34-1.97, P<.00001 and HR=1.61, 95% ClI: 1.35-1.9, P <.00001, respectively). In terms
of leukemia-free survival (LFS), the group with SF3B1 mutation had better outcome than unmutated group, HR=0.63 (95% Cl: 0.53—
0.75, P < .00001). Other RNA splicing gene mutation group showed significant poor LFS than unmutated groups, (HR=1.89, 95%
Cl: 1.6-2.28, P<.00001; HR=2.77, 95% ClI: 2.24-3.44, P<.00001; HR=1.48, 95% Cl: 1.08-2.08, P <.00001; for SRSF2,
U2AF1, and zinc finger CCCH-type, RNA binding motif and serine/arginine rich 2 [ZRSR2], respectively). As for subgroup of low- or
intermediate-1-IPSS risk MDS, SRSF2, and U2AF1 mutations were related to poor OS. (HR=1.83, 95% Cl: 1.43-2.35, P < .00001;
HR=2.11, 95% Cl: 1.59-2.79, P<.00001 for SRSF2 and U2AF1, respectively). SRSF2 and U2AF1 mutations were strongly
associated with male patients. SF3B1 mutation was strongly associated with disease staging.

Conclusion: This meta-analysis indicates a positive effect of SF3B1 and an adverse prognostic effect of SRSF2, U2AF1, and
ZRSR2 mutations in patients with MDS. Mutations of RNA splicing genes have important effects on the prognosis of MDS.

Abbreviations: 95% Cl = 95% confidence interval, AML = acute myeloid leukemia, FAB = the French-American-British, HR =
hazard ratio, MDS = myelodysplastic syndrome, NOS = Newcastle-Ottawa scale, OS = overall survival, SF3B1 = splicing factor 3b,

subunit 1, SRSF2 = serine/arginine-rich splicing factor 2, U2AF1 = U2 auxiliary factor protein 1, ZRSR2 = zinc finger CCCH-type,
RNA binding motif and serine/arginine rich 2.

Keywords: MDS, meta-analysis, RNA splicing machinery, SF3B1, SRSF2, U2AF1, ZRSR2

This work was supported by the National Youth Top-notch
Talent of Ten Thousand Talent Program and the National
Natural Science Foundation of China (NSFC, 81170519).

Editor: Gunjan Arora.

The authors declare that there is no conflict of interests.

Department of Hematology, The First Affiliated Hospital of China Medical
University, Shenyang, Liaoning, China.

) Correspondence: Xiaojing Yan, Department of Hematology, The First Affiliated
Hospital of China Medical University, Shenyang 110000, Liaoning, China (e-mail:
yanxiaojing_pp@hotmail.com).

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Medicine (2019) 98:21(e15743)

Received: 11 March 2019 / Received in final form: 18 April 2019 / Accepted: 26
April 2019

http://dx.doi.org/10.1097/MD.0000000000015743

1. Introduction

Myelodysplastic syndrome (MDS) is a kind of myeloid neoplasms
characterized by ineffective hematopoiesis, morphologic dysplasia,
and cytopenias, which has a high risk of progression to acute
myeloid leukemia (AML). The risk stratification for MDS patients
is categorized according to clinical characteristics of peripheral
blood and bone marrow, also the karyotypes.!)

In recent years, with the development of next-generation
sequencing, epigenetic abnormalities and gene mutations in MDS
have been gradually summarized. 80% to 90% of patients show
at least 1 mutation in one of the >100 addressed genes,
supporting the clonal hematopoiesis of the disease and with
the diagnosis. Furthermore, it has been demonstrated that the
increasing number of gene mutations correlates with the disease
outcome in MDS patients.!*!

RNA splicing machinery plays an important role in the
maturation procedure of messenger RNAs (mRNAs). More than
90% of human genes could be affected by the splicing process
which may lead to gene expression diversity.'*! Recurrent somatic
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mutations including splicing factor 3b, subunit 1 (SF3B1),
serine/arginine-rich splicing factor 2 (SRSF2), U2 auxiliary factor
protein 1 (U2AF1), and zinc finger CCCH-type, RNA binding
motif and serine/arginine rich 2 (ZRSR2) which are involved in the
RNA splicing machinery have been identified in a considerable
number of patients with MDS.!*!

Some studies have shown that DNMT3A, TET2, AXSL1, and
other gene mutations are associated with the prognosis of
MDS.!* 8 However, there is still a lack of systematic studies on
RNA splicing gene mutations and clinical relevance. We
summarize relevant studies in recent years and summarize the
effects of such mutations on the overall survival (OS), leukemia-
free survival (LFS), and other clinical characters in order to
provide new insight for the diagnosis, treatment, and prognosis of
MDS.

2. Methods

2.1. Retrieval strategy

We searched English database including PubMed, Embase,
Cochrane Library for literatures published within recent 10
years on the effect of RNA splicing machinery genes in MDS,
using the search strategy “(SF3B1 OR SRSF2 OR U2AF1 OR
ZRSR2) AND (MDS OR Myelodysplastic syndrome).”
Through the reading of titles and abstracts, the documents
are screened and the full texts are read. The appropriate
documents are selected according to the inclusion and
exclusion criteria. We also searched relevant literature from
references available to prevent the omission of the literature.
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For the raw data not provided in the literature, strive to
contact the author for the access.

2.2. Literature inclusion criteria and exclusion criteria
Inclusion criteria:

(1) study requires the use of second-generation sequencing to
detect prognostic gene mutations. Study must be focused on
at least one of the splicing machinery genes mutation (SF3B1,
U2AF1, SRSF2, or ZRSR2).

(2) research objects: according to the WHO classification,
confirmed the diagnosis of MDS patients;

(3) the article must be published in the form of English;

(4) the study must include at least 1 of the following index as
therapeutic evaluation data: OS, transformation time to
leukemia (TTL), LFS, and CR.

Reported data could be used to calculate the hazard ratio (HR)
with 95% confidence intervals (CIs).
The exclusion criteria:

(1) the expert review, case summary, case report, meeting records;

(2) studies with insufficient data for calculation of incidence
and/or HR with 95% ClIs; (3) the results of the study does not
include any effect of splicing machinery genes mutations on
OS, TTL, or LFS.

If more than one published article is from the same study, the
results of the most recently published studies should be
considered; if the recent articles do not provide definite results,
the results of the previous articles are used.

Identified through the databases:
PubMed and Web of Science ¢
(n=261 )¢

Identified through the databases:

ClinicalTrial and the Cochrance

ubrary(n = 0)¢

Duplicates removed ¢
(n =6 )4-'
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Title and abstract

Excluded for not related

screened (n =255 W

Y

studies (n =188 )¢
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meta-analysis ¢
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Figure 1. Literature screening flow chart.
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Characteristics of included studies.

WHO subtype, n Karyotype subtype, n IPSS, n
Median Sex Median
age (male/ RCMD/RCUD/ Follow-up,
Author, year Region (range) female) RARS/other RAEB-1 RAEB-2 Good Intermediate Poor Low Int-1 Int-2 High mo (range) N
Papaemmanuil E, 2013 UK NA NA NA NA NA NR NR NR NR NR  NR NR 12 (0-155) 595
Cui R, 2012!" China 53 (16-81)  70/34 84 6 14 57 21 13 20 56 8 7 22 (1-102) 104
Damm F, 2012 [ France 70 (36-95) 189/128 198 55 50 192 35 36 82 109 53 17 34.8 (2.4-141) 317
Malcovati L, 201113 Italy NR NR 397 83 53 NR NR NR NR NR  NR NR 23 (1-267) 533
Malcovati L, 20150 ltaly 70 (18-96) 153/140 200 20 23 NR NR NR NR NR  NR NR NR 243
Seo JY, 20140 Korea 68 (18-84)  26/10 31 5 14 22 30 6 13(1-84) 36
Traina F, 2014 USA 68 (34-81)  68/24 NR NR NR 42 23 20 12 30 20 10 NR 92
Lin J, 2014 117 China 60 (20-86) NR 61 23 25 81 17 8 10 62 20 12 11 (1-89) 109
Thol F, 201208 Germany 56-92 119/74 113 22 31 109 20 23 37 57 38 13 NR 193
Makishima H, 2012["% USA NR NR 58 30 NR NR NR NR NR NR  NR 18 (1-168) 58
Graubert T A, 201129 USA NA 92/58 NR NR NR NR NR NR 23 60 38 24 NR 150
Wu SJ, 201381 Taiwan 66 (17-98) 318/160 205 78 85 271 89 86 70 186 109 81 433 478
Hong JY, 2015122 Korea 67 (26-89)  46/12 NR NR NR 28 16 14 1 33 18 6 40 58
Wu L, 201623 China 57 (11-89) 162/142 181 52 7 NR NR NR 20 192 60 30 21 2-112) 304
Tefferi A, 2017124 USA 73 122/57 NR NR NR NR NR NR NA NA  NA NA 30 (1-204) 179
Kang MG, 2015/%) Korea NA 71/58 83 16 30 NA NA NA NA NA  NA NA NR 129
Wu SJ, 201269 Taiwan 66 (18-95)  161/72 97 36 38 119 48 47 30 85 59 40 60.2 233
Damm F, 2012127 France 71.9 (35-95) 129/92 121 55 45 155 38 19 74 91 26 25 31 221
Bejar, 201212 USA NR NR NR NR NR NA NA NA NA NA  NA NA 54 (49.2-87.6) 288

Int-1=intermediate-1 group, Int-2=intermediate-2 group, NA=not applicable, NR=not reported, RCMD = refractory cytopenia with multilineage dysplasia, RCUD = refractory cytopenia with unilineage
dysplasia, RARS =refractory anemia with ringed sideroblasts, RAEB-1 =refractory anemia with excess blasts-1, RAEB-2 =refractory anemia with excess blasts-2.

2.3. Literature effect index

The clinical effect of different regimens were evaluated by the
following indexes: the main effect indicators

(1) OS,
(2) LES.

Secondary effect indicators PFS/EFS/DFS, CR.

2.4. Data extraction

According to the retrieval strategy and retrieval database, 2
researchers independently searched and excluded the literature

which did not meet the inclusion criteria. The data extracted from
the literature included: author, publication time, regions, ages,
sex, classifications, stratifications, average follow-up time,
numbers of CR, and other indicators. The results of multivariate
analysis were preferred.

2.5. Quality assessment and control

All the titles and abstracts of retrieved articles were independently
reviewed by 2 investigators (WXX and YX]J) for the inclusion/
exclusion criteria. Any divergent opinions were resolved through
discussion. The Newcastle-Ottawa quality assessment (NOS)"!

Quality assessment of individual study (NOS, Newcastle-Ottawa quality assessment score.).
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was used to evaluate the quality of each individual study. The
evaluation system has 9 items in total. The total score should be 9
if all the standard has been met. In general, studies with 7 or more
scores are considered as high quality.

2.6. Statistical analysis

In this study, Revman version 5.2 software was used for all the
statistical processing. The heterogeneity between subgroups was
evaluated by standard chi-square test and I*-statistic. When I* <
50%, suggests that there is no heterogeneity, using fixed effect
model, when I? > 50%, indicating the existence of heterogeneity
and using random effect model, and identify the source of
heterogeneity as far as possible. Based on the research included in
the analysis, we calculated risk ratio and 95% CI of continuous
variables, and find HR and 95% CI of time-to-event data. If HR
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cannot be obtained directly from the article, we used the Engauge
Digitizer V4.1 calculation method.!"”! Funnel plot was used to
estimate publication bias. P< .05 is statistically significant.

2.7. Ethics statement

All data sources and statistical analyses were based on previous
published studies; thus, no ethical approval and patient consent
were required.

3. Results of meta-analysis

3.1. The basic situation of literature included

A total of 261 articles were retrieved. One hundred eighty-nine
articles were excluded by reading titles, abstracts, and types of

Hazard Ratio Hazard Ratio
Study or Subgroup __ log[Hazard Ratio]  SE Weight IV, Fixed, 95% C| IV, Fixed, 95% CI
1.1.2 SF3B1
Malcovati L 2015 -1.42 015 102% 0.24[0.18,0.32) o
Traina F 2014 -1.31 054 08% 0.27[0.09, 078 S A
CuiR 2012 <128 032 22% 0.28[0.15,052] AT
Malcovati L 2011 -1.06 0.37 1.7% 0.35[0.17,0.72) e
Tefferi A 2017 -069 018 7.1% 0.50(0.35,0.71] pgee
Bejar 2012 -0.27 047 8.0% 0.76[0.55,1.07) =
Wu L2016 003 034 20% 1.03(053, 2.01) -
Darmm 2012 026 022 48% 1.30(0.84,2.00] o i
Kang MG 2015 03 084 03% 1.35(0.26, 7.00] TR S
SeoJY 2014 0.41 078 0.4% 1.51[0.33,6.95) e
Darm F 2012 062 023 4.3% 1.86[1.18,2.92 e
Subtotal (95% CI) 41.8% 0.58 [0.50, 0.67] L ]

Heterogeneity: Chi*= 90,89, df= 10 (P < 0.00001); F=88%
Test for overall effect. Z= 7.42 (P < 0.00001)

1.1.3 SRSF2

Kang MG 2015 -018 08 04% 083[017,397] ) [
Hong JY 2015 01 043 10% 1.11[042 289 -
Wu JS 2012 034 025 37% 1.40(0.86,2.29) 1
Tefferi A2017 041 025 37% 1.51[0.92, 2.46) T -
Bejar 2012 043 018 7.1% 1.54(1.08 219 =
Damm F 2012 052 029 27% 1.68(0.95 297 L
Wul 2016 071 034 20% 2.03[1.04,3.96] R
Thol F 2012 083 03 26% 2.28[1.27 413 e
LinJ 2014 085 048 10% 2.34[0.91, 5099 ':‘_

Subtotal (95% CI)
Heterogeneity: Chi*= 4.20, df= 8 (P = 0.84); F=0%
Test for overall effect: Z= 4.95 (P < 0.00001)

1.1.4 U2AF1

Wu L 2016 006 029 27% 1.06[0.60,1.87) i
Kang MG 2015 015 083 03% 1.16(0.23,591] sy
Bejar 2012 04 018 71% 1.498[1.05 212 o
Tefferi A 2017 047 021 52% 1.60[1.06,2.41) e
Hong JY 2015 051 023 43% 167[1.06 261 e
Wu SJ 2013 051 023 43% 1.67[1.06,261) o
Graubert T 2011 056 032 22% 1.75[0.94,3.28) j—
Thol F 2012 057 020 27% 1.77[1.00,312) =
Damm F 2012 113 039  15% 3.10[1.44, 6.65] ’—

Subtotal (95% CI)
Heterogeneity: Chi*= 542 df=8 (P=0.71); F=0%
Testfor overall effect: Z= 5.46 (P < 0.00001)

24.1% 1.62[1.34,1.97]

30.6% 1.61[1.35, 1.90]

1.1.5 ZRSR2

Hong JY 2015 01 052 08% 1.11(0.40,32.08

Damm F 2012 043 029 27% 1.54[087, 271 e

Subtotal (95% CI) 3.6% 1.42[0.87,2.34] »

Heterogeneity: Chi*=0.31, df=1 (P = 0.58); F= 0%

Testfor overall effect: Z=1.39 (P = 0.16)

Total (95% CI) 100.0% 1.04 [0.95, 1.15]

Heterogeneilty, Chi*= 211 40, df= 30 (P < 0.00001); I*= 86% :u.m 0f1 ] 150 mu’

Testfor overall effect: Z=0.91 (P = 0.36)

Favours [experimental] Favours [control)

Test for subaroun differences: Chi*= 110.47. df= 3 (P < 0.00001). F= 97.3%
Figure 2. Forest plot of meta-analysis (OS). OS = overall survival.
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study. According to inclusion and exclusion criteria, 53 articles
were excluded because they did not provide enough information.
Finally, 19 articles met the inclusion criteria (Fig. 1).

3.2. Characteristics of the studies

There were 11 studies for SF3B1, 9 studies for SRSF2, 9 studies
for U2AF1, 2 studies for ZRSR2. A total income of 4320 patients,
there were 711 SF3B1 mutations (23.8%), 285 SRSF2 mutations
(12%), 231 U2AF1 mutations (8.9%), 31 ZRSR2 mutations
(11.1%), and 3062 patients without mutations. The specific
characters of the studies can be found in Table 1. NOS was used
to evaluate the quality of each study included. The NOS score of
each study is shown in Table 2.

3.3. Effect index
3.3.1. OS. Nineteen studies all analyzed OS. The meta-analysis

performed 11 studies for SF3B1 mutations; 9 studies for SRSF2
mutations; 9 studies for U2ZAF1 mutations; 2 studies for ZRSR2
mutations. The result of our study showed that patients with
SF3B1 mutations could have a better prognosis as regard to OS
(HR=0.58, 95% CI: 0.5-0.67, P <.00001), while the heteroge-
neity is relatively high (I*=89%). On the other hand, an adverse
prognostic effect of OS can be observed in the presence of SRSF2/
U2AF1 mutations (HR=1.62, 95% CI: 1.34-1.97, P <.00001;
HR=1.61, 95% CI: 1.35-1.9, P <.00001, respectively) with no
heterogeneity (I*=0%). As for ZRSR2, there is no significant

www.md-journal.com

difference on OS comparing ZRSR2-mutation and ZRSR2-
unmutation groups (HR =1.42, 95% CI: 0.87-2.34, P=.16, =
0%). There is significant difference among each subgroup. (I*=
97.3%, P<.00001). See Figure 2.

3.3.2. LFS. Seven studies reported data on LFS, with 3 studies
focused on SF3B1, 5 for SRSF2, 5 for U2AF1, and 2 for ZRSR2.
Our result indicated that patients with SF3B1 mutations were less
likely to progress to AML. The pooled HR for LFS is 0.63 (95 %
CI: 0.53-0.75, P<.00001, I*=59%) for patients with SF3B1
mutation compared with unmutated patients. The pooled HR for
LFSis 1.89 (95% CI: 1.6-2.23, P <.00001, I*=18%) for SRSF2-
mutated patients and 2.77 (95% Cl: 2.24-3.44, P <.00001, I* =
68%) for U2ZAF1-mutated patients and 1.48 (95% CI: 1.08-2.03,
P <.00001, I*’=0%) for ZRSR2-mutated patients, respectively.
The results revealed that patients with SRSF2/U2AF1/ZRSR2
mutations were more easily to get transformation to AML
compared with unmutated patients. A subgroup analysis showed
the presence of severe heterogeneity (I*=97.7%, P <.00001). See
Figure 3.

3.4. OS of low- or intermediate-1 risk MDS

Several studies also summarized the OS data of patients with low/
intermediate-1-IPSS risk MDS harboring RNA splicing gene
mutations. In this subgroup, patients with SF3B1 mutations did
not show any benefit on OS. The pooled HR for OS was 0.96
(95% CIL: 0.77-1.2, P=.73, ’=67%). As for patients with

Study or Subgrou log[Hazard Ratio SE_Weight
3.1.1 SF3B1

Malcovati L 2011 -1.14 054 0.9%
Papaemmanuil E 2013 -0.42 008 31.7%
Tefferi &4 2017 77 074 05%
Subtotal (95% Cl) 33.0%

Heterogeneity. Chi*= 4.92, df= 2 (P = 0.09); F=59%
Test for overall effect Z=5.20 (P < 0.00001)

3.1.2 SRSF2

Hong JY 2015 a1 05 1.0%
Kang MG 2015 105 073 05%
Papaemmanuil E 2013 06 008 31.7%
Tefferi A 2017 136 0.49 1.1%
Thol F 2012 1.04 039 1.7%
Subtotal (95% CI) 35.9%

Heterogeneity. Chi*= 4,89, di= 4 (P=0.30); F=18%
Test for overall effect: Z=7.52 (P < 0.00001)

3.1.3 U2AF1

Hong JY 2015 034 043 14%
Kang MG 2015 -0.1 051 1.0%
Papaemmanuil E 2013 1.08 013 152%
Thol F 2012 022 063 06%
Wu 8J 2013 156 028 31%
Subtotal (95% Cl) 21.3%

Heterogeneity: Chi*=12.62, df= 4 (P = 0.01); F= 68%
Test for overall effect Z=9.28 (P < 0.00001)

3.1.4 ZRSR2

Hong JY 2015 01 053 08%
Papaemmanuil E 2013 042 017 89%
Subtotal (95% Cl) 9.8%

Heterageneity: Chi*= 0.33, df=1 (P = 0.57), F=0%
Test for overall effect Z= 2.41 (P=0.02)

Total (95% Cl) 100.0%
Heterogeneity: Chi*= 155.31, df= 14 (P < 0.00001); F= 91%
Test for overall effect: Z= 6.55 (P < 0.00001)

Test for subaroun differences: Chif = 132.56. df= 3 (P < 0.00001). F=97.7%

Hazard Ratio
IV, Fixed, 95% Cl

Hazard Ratio
IV, Fixed, 95% Cl

0.32[0.11,092]
0.66 [0.55,0.78) s
0.17[0.04,0.73) e e
0.63 [0.53, 0.75] L

111 [0.41, 2.94)
2.86 [0.68, 11.95) =1
1.82[1.53,217) =
3.90[1.49,10.18)
2.83[1.32, 6.08]
1.89 [1.60, 2.23]

"]

1.40 [0.60, 3.26]
0.90 [0.33, 2.46]
2.94(2.28,3.80]
1.25 (0.36, 4.28)
476 [2.70, 8.40]
2.77[2.24, 3.44]

.._

1.11(0.39,312)
1.52[1.09,2.12]
1.48[1.08, 2.03]

0}|

1.39[1.26, 1.54] +

001 01 10
Favours [experimental] Favours [control]

J
100

Figure 3. Forest plot of meta-analysis (LFS). LFS = leukemia-free survival.
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Study or Subaroup log[] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
7.1.2 SF3B1

Bejar 2012 -0.27 047 17.7% 0.76 [0.55,1.07] i

Damm 2012 051 0.24 8.9% 1.67 [1.04, 2.67] R
Damm F 2012 06 037 37% 182[088, 3.76] T
Makishima H2012 -0.31 056 16%  0.73[0.24,220] = af
Malcovati L 2011 -037 025 82% 069[042,1.13] T |
Subtotal (95% C1) 40.1%  0.96[0.77, 1.20] *
Heterogeneity: Chi*=12.05, df= 4 (P = 0.02), F= 67%

Test for overall effect: Z= 0.34 (P = 0.73)

7.1.3 SRSF2

Bejar 2012 043 018 158%  1.54(1.08,2.19] o
Damm F 2012 066 06 14%  1.93(0.60,66.27) e —
Makishima H 2012 099 027 7.0% 2.69[1.59, 4.57) = ey
Thol F 2012 08 036 3.9% 2.23[1.10, 4.51) T
WuJs 2012 043 035 4.2% 1.54[0.77,3.09) Fie
Subtotal (95% CI) 323%  1.83[1.43,2.35] *
Heterogeneity: Chi*= 3.53, df = 4 (P = 0.47); F= 0%

Test for overall effect: Z=4.82 (P < 0.00001)

7.1.4 U2AF1

Bejar 2012 04 018 158%  1.49[1.05 212 P
Damm F 2012 -36 47 0.0% 0.03[0.00,273.64] ¢ "
Wu SJ 2013 137 024 B9%  3.94([2.46,6.30] ——
Subtotal (95% Cl) 24.7%  2.11[1.59,2.79] *
Heterogeneity. Chi*= 11.31, df= 2 (P = 0.004); F= 82%

Test for overall effect: Z= 5.18 (P < 0.00001)

7.1.5 ZRSR2

Damm F 2012 072 042 29%  2.05(0.90, 4.68] | P
Subtotal (95% Cl) 2.9%  2.05[0.90, 4.68] <
Heterogeneity: Not applicable

Test for overall effect Z=1.71 (P = 0.09)

Total (95% CI) 100.0%  1.47[1.28, 1.69] 4
Heterogeneity: Chi®= 50.96, df= 13 (P < 0.00001); F= 74% =0 0 031 150 100’

Test for overall effect: Z=5.39 (P < 0.00001)

Test for subaroun differences: Chi*= 24 07_df= 3 (P < 0.0001). F=87.5%

Favours [experimental] Favours [control]

Figure 4. Forest plot of meta-analysis (OS for low-risk MDS). MDS = myelodysplastic syndrome, OS = overall survival.

SRSF2 mutations, the poor prognostic effect can also be
observed. The pooled HR for OS was 1.83 (95% CI: 1.43-
2.85, P<.00001, *=0%), and the HR for AML transformation
was 3.12 (95% CI: 1.37-7.13, P=.007, I*=0%) compared with
patients without SRSF2 mutations.

The results also revealed that patients with U2ZAF1 mutations
had poorer prognosis with regard to OS compared with
unmutated group. The pooled HR for OS was 2.11 (95% CI:
1.59-2.79, P<.00001, I*=82%). There is only 1 study
mentioned effect of ZRSR2 mutation on OS with pooled HR
was 2.05 (95% CI: 0.9-4.68, P=.09). There is significant
difference among each subgroup (I*=87.5%, P<.00001)
(Fig. 4).

3.5. Mutations related to sex and disease staging

SRSF2 and U2AF1 mutations were strongly associated with male
sex in some of the included studies. There are more male patients
in SRSF2-mutation group than SRSF2-unmutation group (OR =
2.29,95% CI: 1.36-3.89, P=.002), with less heterogeneity (I* =
18%). Also, There are more male patients in U2AF1-mutation
group than U2AF1-unmutation group (OR=2.4,95% CI: 1.31-
4.41, P=.005), with no heterogeneity (I*=0%). There is no
significant difference in sex between SF3B1/ZRSR2 mutation
group and SF3B1/ZRSR2 unmutated group (Fig. 5).

Four studies indicated SF3B1 mutation was strongly associated
with disease staging, but not for other RNA splicing gene
mutations (OR=2.6, 95% CI: 1.6-4.22, P=.0001), with no
heterogeneity (I*=0%) (Fig. 6).

3.6. Publication bias

Publication bias could be assessed by funnel plot (Fig. 7). Funnel
plots of each analysis did not show significant publication bias in
the studies included.

4. Discussion

With the development of new drugs (such as hypomethylating
agents), the prognosis of MDS has been much better. But not all
the patients could benefit from hypomethylating medication. At
the same time, allogeneic stem cell transplantation is usually
considered for well behaved-patients.**! Genetic alterations in
patients with MDS has been widely concerned because of the
significant prognostic effect./*! Therefore, exploring the progno-
sis related gene mutations and developing precision therapies
based on the risk stratification and potential targets will be of
great significance to the overall diagnosis and treatment of MDS.

In the past decade, a series of gene mutations have been
identified in MDS, which are involved in different mechanism
including signal transduction/kinase (JAK2, KRAS, CBL, etc);
DNA methylation (DNMT3A, TET2, IDH1/2); DNA repair like
TP53; transcriptional factor regulation (TPS3, ETV6, RUNX1,
BCOR); cohesion complex (STAG2, CTCF, SMC1A); chromatin
modification (EZH2, ASXL1); and RNA-splicing machinery
(SE3B1, U2AF1, SRSF2, ZRSR2).P% Several studies have shown
that gene mutations in MDS are closely related to the onset and
prognosis of the disease and might be the potential therapeutic
targets,!”-8-31-32]
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Figure 5. Forest plot of meta-analysis (sex).

The procedure of modification by spliceosomes is of great
importance to produce normal mRNAs. Aberrant splicing and
mutations have been described in cancer.'*3! We may explore new
therapeutic targets for patients with MDS through in-depth
research on splicing mutations.

SF3B1 is involved in the early stages of spliceosome
assembly.®* Prior studies suggested that SF3B1 mutation can
be frequently found in patients with refractory anemia with ring
sideroblasts and was likely to have reduced hemoglobin levels. It
might be a potential novel marker in the diagnosis of
RARS.[2735:3¢1 GE3B1 mutations were more frequent in
—5/5q— cases.””! A study revealed that patients with SF3B1
mutations had relatively longer event-free survival and fewer
cytopenias.*®! Another research showed that the presence of
SF3B1 mutations was significantly associated with better overall
and leukemia-free survival in RARS and RCMD."”! Intriguingly,
a study showed that SF3B1-mutated patients had a significantly
inferior outcome because of an additional aberrant karyotype.!>®!
SF3B1 mutation can also be detected in patients with MDS-
RAEB1/2, but at a relatively low rate. Our study showed similar
result that SF3B1 mutation is closely related to the OS and LFS in
MDS patients. Furthermore, we found that patients with SF3B1
mutation were strongly associated with disease staging.

SRSF2 encodes serine/arginine-rich splicing factor 2, playing a
role in preventing exon skipping and ensuring the accuracy of
splicing.*”! SRSF2 mutations occur dominantly in older patients

and have higher rates in male population. Several studies revealed
that the presence of SRSF2 mutations was sometimes associated
with RUNX1, ASXL1, IDH1, and IDH2 mutations.'%2>2¢]
IDH2 and ASXL1 are generally considered to be associated with
poor prognosis in MDS,®#%! while RUNX1 also showed a poor
effect in AML patients.*'" A recent study showed that SRSF2
predicted leukemic transformation and might be an independent
factor of prognosis.'*?! Another study indicated that most of the
patients with SRSF2 mutations belonged to RAEB-1 and RAEB-2
subtypes and had remarkable thrombocytopenia.””! In our
study, SRSF2 mutation showed significant poor prognosis as
considering OS and LFS, which also applied for the OS of low-
risk MDS. There are more male patients in SRSF2-mutation
group than SRSF2-unmutation, the mechanism of which needs
further investigation. There is no obvious association between the
mutation and disease staging.

U2AF1 is a U2 auxiliary factor protein functions as a
recognizer of the AG splice acceptor dinucleotide at the 3’ end
of introns and is involved in pre-mRNA processing./*?! Several
studies indicated that U2AF1 mutations were associated with
younger patients and ASXL1,!'827! JAK2 21! or DNMT3AL'®!
mutations. The JAK-2 V617F mutation which can be easily found
in myeloproliferative neoplasm has been reported in a small part
of MDS and its prognostic significance is unclear.***! U2AF1
mutations occurred probably more frequently in patients with
isolated -20/20q- or trisomy 8 than the others.*®*"27! It was
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analysis (disease staging).

suggested that U2AF1 mutation was an independent prognostic
factor for OS in MDS patients (<50 years).”! It was also shown
that patients with U2ZAF1 mutations were more likely to progress
to AML.% In our study, U2AF1 mutations showed significant
disadvantage in OS and LFS in MDS patients.

ZRSR2 is involved in splice-site selection, spliceosome
assembly, and splicing.**! Single mutation of ZRSR2 can usually
be found in older patients which may lead to macrocytic anemia
without dysplasia or other kinds of cytopenia./*®! A study showed
a higher rate of AML transformation in a group of patients with
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Figure 7. Funnel plot of meta-analysis.

ZRSR2 mutation in the IPSS-low/intermediate-1 subgroups.!?”!

The patients with ZRSR2 mutations exhibited higher blasts in
bone marrow, and sometimes neutropenias. We found that
ZRSR2 mutation showed significant poor LFS than unmutated
groups.

There are few researches focusing on the response to
hypomethylating drugs of RNA splicing genes. It has been
suggested that U2AF1 mutation was significantly associated with
non-response to azacitidine, but for other spicing machinery
genes, the results were negative.''®*”! More studies are needed for
searching new precision therapeutic strategies for the MDS
patients with splicing machinery gene mutations. The limitations
of this meta-analysis should be taken into account. Some of the
studies contained small amount of patients, thus the result
requires confirmation in a larger patient cohort. It also lacked
detailed analysis of the association between karyotype abnor-
malities and prognosis.

5. Conclusion

Our study summarized the published literatures and revealed a
positive prognostic effect of SF3B1 mutation and an adverse
prognostic effect of SRSF2/U2AF1/ZRSR2 mutations in patients
with MDS. As for the subgroup of low/intermediate-1-IPSS risk
MDS, SRSF2/U2AF1 mutations also indicated poor prognosis. In
addition, SRSF2 and U2AF1 mutations were strongly associated
with male patients. SF3B1 mutation was strongly associated with
disease staging. The mutations of RNA splicing genes may be a
promising prognostic factor and therapeutic target to MDS



Wang et al. Medicine (2019) 98:21

patients. Further clinical trials are needed to better understand the
prognostic impact of RNA splicing genes mutations in MDS.
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