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Abstract

Gliosarcoma (GSM) is a rare central nervous system tumor. Clinical management of it is similar to glioblastoma (GBM).
However, due to a few comparative studies exist, uncertainty and disagreements remain in the literatures. To assess the avail-
able evidence on the value of different treatments and to carry out an up-to-date evaluation to summarize the evidence for
the optimal treatment in GSM patients. Free words were used to search for the relevant studies without language limitations
in electronic databases including PubMed, Ovid EMBASE, Cochrane Central Register of Controlled Trials from inception
to September 15, 2019. Pooled hazard ratio (HR) with 95% confidence interval (CI) were calculated using a random-effects
model. The main endpoint was all-cause mortality. Overall, 10 studies published between 2008 and 2018 including 803
patients were selected for the meta-analysis. Temozolomide (TMZ)-dominated chemotherapy was associated with a reduced
risk of overall survival (OS), with HR 0.49 (95% CI 0.37-0.66). The pooled HR of OS was 0.40 (95% CI 0.29-0.56) between
radiotherapy and without radiotherapy. The pooled HR (0.52, 95% CI 0.32-0.85) indicated gross total resection (GTR) had
a positive impact on OS in GSM. In patients with GSM, survival benefits as currently performed are associated with TMZ-
dominated chemotherapy and high-dose radiotherapy. Our systematic review and meta-analysis also demonstrate GTR is
associated with a reduction in all-cause mortality in patients with primary GSM.
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Introduction

Gliosarcoma (GSM), characterized by a mixture of glial
and sarcomatous histopathologic compositions, is a rare
but highly malignant glioblastoma (GBM) that accounts for
2-8% of high-grade gliomas (HGG) [1-4]. GSM has gained
widespread acceptance gradually since 1955 when Feigen
et al. [4] first described. At present, it is generally accepted
that the clinical characteristics of GSM are similar to GBM.
However, GSM seems to metastasize much more frequently
than GBM, as the incidence of extracranial metastases has
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been reported up to 11% [5, 6].

To date, various risk factors have been considered to
influence the survival among individual patients with GSM,
including age, Karnofsky score (KPS), the extent of resec-
tion (EOR), preoperative and postoperative neurological
function, and application of adjuvant therapies [7, 8, 9, 10].
To decrease the mass effect and to reduce the tumor burden
necessitate gross total resection (GTR) of tumor tissues.
However, GTR is not always possible due to the invasive,
infiltrative and metastatic nature of GSM. Besides, extended
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resection for achieving GTR may lead to motor and lan-
guage deficits and a decrease in the quality of survival. As
such, surgical removal is unlikely to be curative and whether
extensive resection generates favorable outcome in a long
term in patients with GSM is unclear [11, 12].

Radiotherapy has been suggested as mandatory to
improve the long-term outcomes of patients, because it
may improve long-term outcomes and increases survival by
8—15 weeks [1, 13]. However, due to insufficient data, the
long-term impact of it on GSM is hard to evaluate. Temozo-
lomide (TMZ) has been proved as the most effective chem-
otherapeutic drug for the treatment of high-grade gliomas
(HGG) [14, 15]. But due to late addition of TMZ in the
management of GSM, whether TMZ therapy is beneficial
for it is still debatable [16].

Given ongoing debate and uncertainty, we conducted
an updated systematic review and meta-analysis to evalu-
ate which therapy methods, including TMZ, radiotherapy,
and surgery, determined overall survival (OS) and free pro-
gression survival (FPS) in adult patients with GSM in the
modern era.

Materials and methods
Protocol and guidance

We followed Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines (checklist
available in Supplementary materials) [17], and registered
the study on the PROSPERO platform (CRD42020152764).

Data sources and search strategy

A comprehensive search for published literatures was con-
ducted in the PubMed, Ovid EMBASE, and Cochrane Cen-
tral Register of Controlled Trials (CENTRAL). Besides, we
checked references of included studies to assess for addi-
tional articles. The following keywords and their random
combinations were used: gliosarcoma, outcome, temozolo-
mide, radiotherapy. The search was conducted from incep-
tion to September 15, 2019. Search strategies are described
in eTable 1 in the Supplement.

Selection criteria

All of the following criteria shown are fulfilled: (1) patients:
adults (age > 18 years) who were diagnosed with GSM based
on 2007 standardized World Health Organization (WHO)
classification of brain tumors. (2) interventions and compar-
ators: using one or several of the following management to
prolong survival of patients: TMZ-dominated chemotherapy
as intervention compared with no TMZ using; radiotherapy
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as intervention compared with no radiotherapy adoption;
GTR compared with no GTR. (3) outcomes: the primary
outcome was OS, defined as the length of time from start of
treatment for GSM patients to death from any cause. Sec-
ondary outcome was FPS, defined as the time from date
of treatment to disease progression. Eligible studies should
report at least one of them, along with 95% confidence inter-
val (CI). (4) Studies: either cohort studies involved more
than 10 patients or randomized controlled trials (RCTs).
Detailed information is explained in the following part and
eTable 2 in the Supplement. Besides, we excluded studies
as one of the following criterions occurs: (1) selected stud-
ies without relevant information on the aforementioned data
items. (2) studies only referring to animal studies, GBM,
other neurogenic tumors including medulloblastoma, gan-
glioglioma, and optic nerve glioma.

Selection process and data extraction

According to PRISMA guidelines, after deleting duplicates,
we excluded publications which were not eligible based on
titles and abstracts. Then full-text literatures were reviewed
for further included or excluded according to aforemen-
tioned inclusion/exclusion criteria.

Two reviewers independently completed the procedures.
We contacted the corresponding authors for missing or unre-
ported data if necessary. Disagreements were resolved by
consensus or with input from a third independent reviewer.

Study definitions and outcomes of interest

The primary time-to-event outcome was overall survival
(OS), the secondary outcome was 6-month (FPS). We used
hazard ratios (HRs) to summarize time-to-event outcomes
because they accounted for time as well as the number of
events. We extracted the HRs and 95% ClIs of OS and FPS
from multivariate Cox proportional hazard models in the
selected studies, otherwise, unadjusted HRs were used. If
studies did not provide the above information straightfor-
ward, we used a relevant formula to calculate HRs from
existing information according to Tierney et al [18].

Subgroup analysis

Subgroup analyses were performed to test interactions
based on age (> 60 and <60 years), sex ratio (female > 35
and <35%), radiotherapy (RT) dose (>55 and <55 Gy),
whether containing secondary GSM (yes and no).

Sensitivity analysis

To examined change in the pooled estimates and verify the
stability of the results, we conducted sensitivity analyses
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for the primary outcome by (1) excluding studies published
before 2010; (2) excluding studies containing a secondary
GSM; (3) using fixed-effect models; (4) excluding studies
without giving HR directly; (5) excluding studies with < 100
patients in total; (6) excluding studies considered as moder-
ate or low methodological quality.

Assessment of risk of bias

We used Newcastle—Ottawa Scale (NOS) to assess the qual-
ity of cohort studies [19]. The score was calculated based on
the three major domains, with a total maximum of 9 scores.
Studies were classified into three types according to the
NOS: high-quality studies as >7 scores, intermediate-quality
studies as 4—6 scores, low-quality studies as <3 scores. For
randomized controlled trials, we assessed the risk of bias
according to the Cochrane Collaboration Risk of Bias tool
across seven domains. Studies with each domain meeting
low risk were considered as high-quality.

Two reviewers independently assessed the quality of
included studies. Disagreements were resolved by consensus
or with input from a third independent reviewer.

Statistical analysis

A random-effects model was performed using the STATA
(version 14.0; STATA Corp., College Station, TX, USA),
and open-source R (meta package and forestplot package).
Other statistical analyses were done in the SPSS (version
22.0; IBM Corp., Armonk, New York, USA). We pooled
HRs with the corresponding 95% Cls using the Man-
tel-Haenszel method in consideration of interstudy het-
erogeneity. Statistical heterogeneity across the studies was
evaluated using the /> statistic and /> values exceeding 50%
were regarded as substantial heterogeneity. For studies with
substantial heterogeneity, we conducted further analysis
through subgroup and sensitivity analyses to identify the
source. Potential publication bias was examined by con-
structing a funnel plot in which the standard error (SE) of
the In HR was plotted against the HR of the selected out-
comes and statistically assessed by Egger’s regression test
and Begg’s adjusted rank correlation test. A reported p value
of less than 0.05 was considered statistically significant.

Results

Study identification and characteristics

An extensive bibliographical search strategy identified 340
articles from PubMed, Ovid EMBASE, CENTER, of which

83 were excluded for a duplicate. 257 articles were screened.
Among these, papers were excluded for reviews, case reports

and case series (n=67), letters and communications or other
publication types (n=38). 146 articles were excluded that did
not focus on GSM. 36 articles were included for full-text
reading Among them, 26 studies were lack of related clinical
data (n=10) and nonstandard comparison (n=16). In the
end, only 10 studies [20-29] fulfilled our inclusion criteria.
The PRISMA flow chart showing the publication screening
process and a list of excluded studies with reasons for exclu-
sion are provided in Fig. 1.

The eligible studies were conducted in 6 countries (USA,
German, India, France, New Zealand, and South Korea)
and articles were published from 2009 to 2018. All of
the 10 studies were retrospective cohort studies. Overall,
803 patients were included in the analysis. The number of
patients included in each study ranged from 12 to 353, and
the mean age ranged from 45 to 75 years old. Most studies
focused on primary GSM except two. Table 1 summarizes
the characteristics of the studies included in our systematic
review and meta-analysis.

Primary outcome: overall survival

The data of GTR was reported in all included studies with
a combined total of 803 patients. The effect of GTR on
OS appeared to be statistically significant with HR 0.52
(95% CI 0.32-0.85) along with substantial heterogene-
ity (I*=71.6%). Seven studies with 401 patients reported
adopted TMZ-dominated chemotherapy. Overall, TMZ was
associated with a significant positive effect on OS with HR
0.49 (95% CI1 0.37-0.66) and low heterogeneity across stud-
ies (I’ =25.3%). Besides, five studies provided OS between
radiotherapy group and no radiotherapy group, the results
indicated that radiotherapy was associated with a signifi-
cantly reduced all-cause mortality with HR 0.40 (95% CI
0.29-0.56). The negligible heterogeneity was detected
among studies (/>=7%). The results of the primary out-
comes are summarized in Fig. 2. After excluding specific
studies, the results remained robust in general (eTable 4 in
the Supplement).

Secondary outcome: free progression survival

We performed an analysis of three studies that provided FPS
in the GTR group and no GTR group. GTR seems unlikely
to be associated with a significant reduction in the mor-
tality of patients with GSM, due to the HR 0.77 (95% CI
0.40-1.49). Two studies provided FPS in the TMZ-domi-
nated chemotherapy group compared with the control group.
The meta-analysis indicated that the patients with GSM who
underwent TMZ-dominated chemotherapy did not benefit
more in FPS than who did not according to HR 0.83 (95%
CI 0.13-5.40). The results of the secondary outcomes are
summarized in Fig. 3.
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram

Subgroup analyses

Subgroup analysis of GTR demonstrated a significantly
decreased risk of death in elderly patients (> 60 years old)
with HR 0.52 (95% C1 0.32-0.85), female > 35% with HR
0.45 (95% CI1 0.26-0.77), RT dose > 55 Gy with HR 0.35
(95% CI 0.14-0.74). Subgroup analysis of chemotherapy
demonstrated that more favorable results of OS with
patients > 60 years old with HR 0.52 (95% CI 0.44-0.62),
RT dose > 55 Gy with HR 0.53 (95% CI 0.42-0.67) and
studies without secondary GSM with HR 0.41 (95% CI
0.26-0.65). Among patients underwent radiotherapy,
long-term benefits were showed with patients > 60 years
old with HR 0.43 (95% CI 0.21-0.85), female > 35% with
HR 0.37 (95% CI 0.28-0.49). The results of the subgroup
analysis are summarized in Fig. 4.
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Risk of bias and publication bias

Study-specific NOS scores and risk-of-bias assessments
are summarized in eTable 2 and 3 in the Supplement.
Ranging from 5 to 7 among the 10 studies, 3 were consid-
ered as high quality [21, 22, 25]. The rest 7 were consid-
ered as moderate methodological quality studies [20, 23,
24, 26-29], mainly because the outcomes of interest were
emerging at the beginning of study and adjustment for
potential confounders was absent.

No publication bias was presented in our meta-analy-
sis. eFigure 1-9 in the Supplement shows the funnel plot,
Egger’s regression test and Begg’s adjusted rank correla-
tion test of included studies representing the association
between OS and treatment methods.
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Table 1 Study characteristics involving gliosarcoma and different treatment methods

Follow-
up

Radiotherapy  Inclusion time

Chemo-

Surgery

Disease

Age (years)  Female (%)

Study design Total patients

Country

Study

(months)

To

From

therapy

2016 NR

1995
2004
2000
2005

Retrospective 22 62 31.8 GSM
75

America

Smith et al. [20]
Shin et al. [21]

8.2
5.7

NR

2013

Primary GSM Y

38.6

210
21

Retrospective

America

2013

Primary GSM Y

38.1

58
60

65

New Zealand  Retrospective

Germany

Jain et al. [22]

2013

Primary GSM Y

29.0

37
75

Retrospective

Adeberg et al. [24]

2014 12
13
NR

1998
2007

Primary GSM Y

324

Retrospective

France
India

Castelli et al. [23]
Rath et al. [25]

2012

Primary GSM Y

45 259
GSM

27

Retrospective

2009

1995
1996
1996
1988

51 38.5

26

Retrospective

South Korea
South Korea

America

Lee et al. [26]

NR

2008

Primary GSM Y

16.7

54

12
20

Retrospective

Kang et al. [27]
Han et al. [28]

NR

2008

Primary GSM Y

40.0

60.8
63

Retrospective

NR

2004

Primary GSM Y

38.8

353

America Retrospective

Kozak et al. [29]

GSM gliosarcoma, NR not reported, Y yes, N no

Discussion

Our meta-analysis of 10 selected studies investigated the effi-
cacy of various treatments among patients with GSM. In our
study, we found that both TMZ-dominated chemotherapy
and high-dose radiotherapy were highly associated with a
reduction in all-cause mortality among GSM patients, with
the pooled HR 0.49 (95% CI 0.37-0.66) and 0.40 (95% CI
0.29-0.56) respectively. Despite substantial heterogene-
ity, GTR might play a clinically favorable prognostic role in
patients with GSM with HR 0.52 (95% CI 0.32-0.85). How-
ever, the favorable results could not be repeated in FPS among
the three inventions.

Compared with other studies

To our knowledge, our study is the only quantitative meta-
analysis to explore the association among various therapy
methods with OS and FPS in GSM. Existing studies mainly
focused on the prognostic factors in GBM and the published
systematic review in evaluating the effect of different treat-
ments on patients suffering GSM is sparse. A review in 2015
by Brown et al. [30]. found that GTR essentially improves OS
in GBM compared with subtotal resection (STR) regardless
of substantial heterogeneity (/> as high as 86%), the absolute
reduced risk (ARR) of mortality at 1 year was 16.1% with
RR 0.62 (95% CI 0.56-0.69) and 10.3% at 2 years with RR
0.84 (95% CI 0.79-0.89). In the same year, an additional sys-
tematic review by Loureiro et al. [31]. suggested that neither
chemotherapy (HR 0.96 95% CI 0.72-1.27) nor the extent of
resection (HR 0.84, 95% CI 0.39-1.79) benefited the prognosis
in GBM. The above results were validated by Sun et al. [32].

Our findings that the prognostic value of chemotherapy and
extent of resection with favorable survival contrasted with the
results of previous publications. We assumed the discrepancy
might be explained by rigorous classification, updated data,
and methodological differences.

Heterogeneity

The asymmetry in the funnel plot for GTR and OS seemed
to be the result of publication bias, in consideration of no
publication bias in the subsequent analysis. We assumed it
mostly derived from mixing secondary GSM in the analysis.
The sensitivity analysis confirmed our speculation. Detailed
information of sensitivity analysis is showed in eTable 4 in
the Supplement.

Study implications

To date, neurosurgeons have used their clinical experience
to decide whether to use TMZ-dominated chemotherapy

@ Springer
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Study Year In(HR) SE HR (95% ClI) Weight (%)
GTR
Smith et al 2018 -1.474 0.2429 HH 0.23(0.14,0.37) 143
Shin et al 2017 -0.4976  0.2026 HH 0.61(0.41,0.91) 14.93
Jainetal 2017 -0.1972 05751 —a— 0.82(0.27,2.54) 877
Adeberg et al 2016 0.9708 0.5595 —— 264 (0.88,7.89) 9
Castelli et al 2016 -0.478 0.4402 —a 0.62 (0.26, 1.46) 10.9
Rath et al 2015 0.2029 0.5864 - 1.23(0.39, 3.87) 8.61
Lee etal 2012 27969 07849 FH——w— 0.06 (0.01, 0.28) 6.24
Kang et al 2011 -0.821 09318 —a— 0.44 (0.07, 2.70) 497
Han et al 2010 -1.2765  0.6202 —a— 0.28 (0.08,0.94) 8.15
Kevin et al 2009 -0.5798  0.2539 - 0.56 (0.34, 0.92) 14.12
Total | square=71.6% - 0.52 (0.32, 0.85) 100
Chemotherapy
Smith et al 2018 -0.633 0.1199 L 0.53(0.42,0.67) 4424
Shin et al 2017 06444 01978 HH 0.53(0.36,0.77) 29.61
Jainetal 2017 -0.2837  0.5702 i 0.75(0.25, 2.30) 6.14
Adeberg et al 2016 -1.4271 0.5569 —a— 0.24(0.08,0.71) 6.4
Rath et al 2015 -1.5141 06135 —a 0.22(0.03, 0.37) 538
Lee etal 2012 03112 0.6595 —ra— 1.37(0.38,4.98) 471
Han et al 2009 -16145  0.7691 —a— 0.20 (0.04, 0.90) 353
Total I square=25.3% -> 0.49 (0.37, 0.66) 100
Radiotherapy
Smith et al 2018 -1.5799 0.7514 —a— 0.21(0.05, 0.89) 478
Jainetal 2017 06792 06947 a1 0.51(0.13,1.98) 557
Castelli et al 2016 -0.0202 05415 —— 0.98 (0.34,2.84) 897
Leeetal 2012 -06539  0.5796 —a— 0.52(0.167, 1.62) 7.88
Kevin et al 2009 -1.0217  0.1468 HEH 0.36 (0.27, 0.48) 7279
Total | square=7.0% - 0.40 (0.29, 0.56) 100
T T

0.10 1.0 10.0

Fig.2 Meta-analyses for the outcomes of overall survival for GTR, TMZ-dominated chemotherapy and radiotherapy. CI confidence interval,
GTR gross total resection, HR hazard ratio, SE standard error

Study Year In(HR) SE HR (95% CI) Weight (%)
GTR

Adeberg et al 2016 -0.116533816  0.460600202 e 0.89(0.36, 2.19) 52.55
Kang et al 2011 -1.237874356  1.011623411 T 0.29(0.04,2.11) 10.89
Han et al 2010 -0.168418652  0.552257416 T 0.85(0.29, 2.49) 36.55
Total | square=0 0.77 (0.40, 1.49) 100.00
Chemotherapy

Adeberg et al 2016 0.662687973 0.471101621 i 1.94 (0.59, 3.74) 55.94
Han et al 2009 -1.258781041 0.812917748 i 0.28 (0.06, 1.40) 44.06
Total | square=76.81% e ——— 0.83 (0.13, 5.40) 100.00

0.10 1.0 10.0

Fig.3 Meta-analyses for the outcome of free progression survival for GTR, TMZ-dominated chemotherapy and radiotherapy. CI confidence
interval, GTR gross total resection, HR hazard ratio, SE standard error
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A
Subgroup Studies Patients HR (95% CI) p value p forinteraction
Age
>60 years 6 717 0.52,(0.32,0.85) - 0.0001 0.056
<60 years 4 86 0.65, (0.20, 2.09) —a— 0.456
Sex
Female>35% 5 630 0.45(0.26, 0.77) - 0.004 0.363
Female<35% 5 173 0.70 (0.26, 1.88) i 0.482
RTdose
=55 Gy 3 71 0.35(0.14,0.74) —a— 0.006 0.066
<55 Gy 2 101 0.42(0.10, 16.75) k - i 0643
Containing secondary GSM
Yes 2 48 0.15(0.04,0.50) F+H—®— 0.002 0.0001
No 8 755 0.69 (0.48, 0.98) HiH 0.037
T T
0.10 1.0 10.0
B
Subgroup Studies Patients HR (95% CI) p value p forinteraction
Age
>60 4 327 0.52 (0.44,0.62) HH 0.0001 0.3820
<60 3 263 040(0.13,1.22) +—&— 0.1090
Sex
Female>35% 4 277 0.58 (0.34,0.97) —a— 0.0390 0.0510
Female<35% 2 102 023(0.10,052) +H—=— 0.0001
RT dose
=55 Gy 1 22 0.53 (0.42, 0.67) HH 0.0001 0.8730
<55 Gy 2 101 0.55(0.10,3.03) FH———&—7— 0.4940
Containing secondary GSM
Yes 2 48 0.68 (0.30, 1.54) i 0.3570 0.3520
No 5 353 0.41(0.26, 0.65) - 0.0001
T T
0.10 1.0 10.0
C
Subgroup Studies Patients HR (95% CI) p value p forinteraction
Age
>60 3 412 0.43(0.21,0.85) —a— 0.0150 0.5060
<60 2 47 0.52(0.22,1.23) —a—H 0.1350
Sex
Female>35% 3 400 0.37 (0.28, 0.49) HH 0.0001 0.3470
Female=35% 2 59 0.49(0.11,224) +——&—1— 0.3580
RT dose
>55 Gy 2 59 0.53(0.23,1.22) i 0.3580 0.8900
<55 Gy 1 26 0.52(0.17,1.62) i 0.2590
Containing secondary GSM
Yes 2 48 0.37 (0.15,0.91) —a— 0.0290 0.9050
No 3 411 0.48 (0.26, 0.87) —a— 0.0160
T T
0.10 10 10.0

Fig.4 Subgroup analysis for overall survival of GTR, TMZ-dominated chemotherapy and radiotherapy. CI confidence interval, GSM gliosar-
coma, GTR gross total resection, Gy gray, HR hazard ratio, RT radiotherapy, TMZ temozolomide
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in treating GSM patients for more than 50 years. However,
hard evidence is lacking for its indeed efficiency as adjuvant
therapy Relevant standard treatments are not been implied
in the latest NCCN guidelines of central nervous system
cancers. Our meta-analysis showed that TMZ-dominated
chemotherapy was significantly associated with a favorable
outcome of GSM, as well as high-dose radiotherapy. Thus,
we recommend TMZ-dominated chemotherapy and high-
dose radiotherapy be used in GSM patients as routine treat-
ments. Moreover, whether GTR benefits for patients with
GSM in a long-term warrant further investigation.

Strength and limitations

Strengths of this review include a comprehensive search for
evidence, a priori protocol and duplicate assessment of eli-
gibility, risk of bias, and data abstraction. The study includes
arigorous assessment of the credibility of subgroup analyses
and the robustness of sensitivity analyses.

We acknowledge the limitations of this systematic review
and meta-analysis as follows. First, a major concern was
prominent in heterogeneity. A firm conclusion whether GTR
in GSM patients benefits for patients remained uncertain.
we assumed the heterogeneity was mainly derived from the
mixture of primary and secondary GSM. The assumption
was confirmed by sensitivity analysis after excluding stud-
ies containing secondary GSM. Second, it is noteworthy
that no RCTs were included in our analysis, mainly due to
ethical issues. And the intrinsic restriction might reduce the
level of evidence. However, the “real world” settings are
more likely to be representative than RCTs in tumor patients.
Third, different definitions of GTR were used by the authors
in the individual studies, Two studies (Adeberg et al. and
Kang et al. [27]) defined GTR as complete resection of the
preoperative contrast-enhancing lesion. While Rath et al.
suggested that 90% reduction of tumor volume was a neces-
sary threshold to increase survival in patients with GSM.
Forth, secondary GSM was mixed in two studies. Hence, we
eliminated the impacts by dropping them out in sensitivity
analysis, and the results remained consistent.

Consequently, maximal tumor resection with minimal
functional impairment, together with the standard chemo-
therapy and high-dose radiotherapy, might be the strategy
that prolongs survival of GSM patients.

Conclusion

Overall, our results support the hypothesis that TMZ-domi-
nated chemotherapy and high-dose radiotherapy play a clini-
cally useful prognostic role in patients with GSM. However,
whether GTR benefits for GSM patients remains uncertain
due to significant heterogeneity and poor stability. But still,

@ Springer

we conclude that GTR is associated with a decreased risk of
all-cause mortality in patients with primary GSM. Neverthe-
less, in consideration of immanent restrictions of included
studies, the results of ongoing and future RCTs are needed.
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